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An online detection device and method for a piezoelectric
device. The device comprises an elastic wave sensor, a
sell-detection circuit, a working circuit, a switch circuit and
a control chip. The switch circuit is connected with the
elastic wave sensor, the self-detection circuit and the work-
ing circuit. The sell-detection circuit is connected with the
control chip and is used for, When being connected to the
elastic wave sensor, generating, a self-detection signal
according to the capacitance of the elastic wave sensor. The
working circuit is connected with the control chip and is
used for, when being connected to the elastic wave sensor,
forming a touch detection circuit and detecting an external
touch by means of the elastic wave sensor so as to obtain a
detection signal. The control chip is connected with the
switch circuit and is used for outputting a control signal to
the switch circuit such that the elastic wave sensor is
connected to the working circuit or the self-detection circuit
The received self-detection signal is compared with a ref-
erence value to obtain a self-detection result of the elastic
wave sensor according to the comparison result, or obtain,
according to the received detection signal, a touch pressure
generated by the external touch.
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ONLINE DETECTION DEVICE AND
METHOD FOR PIEZOELECTRIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a U.S. National Phase
Entry of International Application No. PCT/CN2020/
106535 having an international filing date of Aug. 3, 2020,
which claims the priorities to the Chinese patent application
No. 201910770203.1 filed to the CNIPA on Aug. 20, 2019
and the Chinese patent application No. 201911012641,8
filed to the CNIPA on Oct. 23, 2019. The entire contents of
the above-identified applications are hereby incorporated by
reference.

TECHNICAL FIELD

[0002] The present invention relates to the field of elec-
tronic technologies, and more particularly, to a piezoelectric
device online detection apparatus and method.

BACKGROUND

[0003] With development of electronic communication
technologies, miniaturization and tightness of a device has
become one of indicators considered for most electronic
devices. In order to miniaturize a device, for some electronic
devices, such as mobile phones, tablets, smart home appli-
ances, etc., all or part of their operating components are
integrated through touch interfaces. In these technical envi-
ronments, precisions and types that can be identified by
touch devices have become one of major determinants of
usability and convenience of corresponding electronic
devices. As for identified types of the touch devices, in
addition to traditional contact position identification, contact
pressure has also become a control manner that more and
more electronic device suppliers need to consider. During
detection of the contact pressure, an elastic wave sensor has
become a cost-effective option, Based on this, from a point
of view of tightness and integral firmness of a device, when
an elastic wave sensor is used in an existing electronic
device, the elastic wave sensor is mostly encapsulated in an
internal structure of the electronic device, so as to prevent
unnecessary damage to the sensor during use. However, due
to nonstandard installation or other situations in an instal-
lation process of the elastic wave sensor, it is often easy to
flail to achieve an expected effect during the use of the
elastic wave sensor. At this time, since the electronic device
has already completed encapsulation and other processes,
operations such as replacement or repair of the elastic wave
sensor will bring a great deal of trouble to a related staff.
[0004] In view of this situation, there is an urgent need in
the industry for a detection solution and a countermeasure in
which performance of an elastic wave sensor can be known
without disassembling the elastic wave sensor,

SUMMARY

[0005] Embodiments of the present invention provide a
piezoelectric device online detection apparatus and method,
s0 as to implement online detection of an elastic wave sensor
and overcome problems of difficult disassembly and easy
damage to an elastic wave sensor during a detection process
of a traditional elastic wave sensor.

[0006] An embodiment of the present invention provides
a piezoelectric device online detection apparatus, according
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to which includes an elastic wave sensor, a self-check
circuit, a working circuit, a switching circuit, and a control
chip. The switching circuit: is connected to the elastic wave
sensor, the elf-check circuit, and the working circuit respec-
tively; the self-check circuit is further connected to the
control chip and is configured to generate a self-check signal
when connected to the elastic wave sensor; the working
circuit is further connected to the control chip and is
configured to form a contact detection circuit when con-
nected to an elastic wave sensor and detect an external
contact through the elastic wave sensor to obtain a detection
signal; the control chip is further connected to the switching
circuit and is configured to output a control signal to the
switching circuit to connect the elastic wave sensor with the
working circuit or the self-check circuit; and compare the
received self-check signal with a reference value, and obtain
a self-check result of the elastic wave sensor according to a
comparison result; or obtain a contact pressure generated by
the external contact according to the received detection
signal.

[0007] An embodiment of the present invention further
provides another piezoelectric device online detection appa-
ratus, which includes a self-check circuit, a switching cir-
cuit, and a control chip. The switching circuit is connected
to a working circuit of an external electronic device and is
configured to connect a predetermined elastic wave sensor in
the working circuit with the self-check circuit according to
a control signal; or disconnect a connection between a
predetermined elastic wave sensor and the self-check circuit;
the self-check circuit is configured to generate a self-check
signal according to a connected elastic wave sensor; the
control chip is configured to generate and output a control
signal to the switching circuit to connect the elastic wave
sensor with the self-check circuit or disconnect a connection
between the elastic wave sensor and the self-check circuit;
and compare the received self-check signal with a reference
value, and obtain a self-check result of the elastic wave
sensor according to a comparison result.

[0008] An embodiment of the present invention further
provides a piezoelectric device online detection method for
a piezoelectric device online detection apparatus, and the
method includes: connecting an elastic wave sensor with a
self-cheek circuit according to a preset instruction; acquiring
a self-check signal generated by the self-check circuit for the
elastic wave sensor, comparing the self-check signal with a
pre-stored reference value, and obtaining a self-check result
of the elastic wave sensor according to a comparison result;
connecting the elastic wave sensor with a working circuit
according to a preset instruction to form a contact detection
circuit; and detecting an external contact through the elastic
wave sensor to obtain a detection signal, and calculating and
obtaining a contact pressure, generated when the external
contact occurs, according to the detection signal.

[0009] According to the embodiments of the present
invention, a technical limitation that self-check of a tradi-
tional sensor may only be carried out in a static environment
is overcome, and detection of an elastic wave sensor may be
quickly completed in an application scene where the elastic
wave sensor is encapsulated and fixed and is not easy to
disassemble, at the same time, there is no mutual influence
between a detection structure and method, and a working
circuit of the elastic wave sensor. Furthermore, online self-
check may be completed at any time based on the piezo-
electric device online detection apparatus and method, and
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compensation in software is implemented according to a
physical damage degree of a sensor using online self-check,
thereby indirectly increasing service life of the sensor and an
ability to adapt to an environment.

[0010] Inanexemplary example, according to the embodi-
ments of the present invention, whether there is any problem
in a group of parallel sensors is checked first, then sensors
in the group of parallel sensors are polled and detected, and
the sensors in the group of parallel sensors are checked one
by one to find out a damaged sensor, such that the damaged
sensor may be automatically located, thereby ensuring nor-
mal use of circuits.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The drawings described herein are intended to
provide a further understanding of the present invention and
form a part of the present application, and do not constitute
a limitation to the present invention. In the drawings, related
descriptions are as follows.

[0012] FIG. 1 is a schematic diagram of a structure of a
piezoelectric device online detection apparatus according to
an embodiment of the present invention.

[0013] FIG. 2 is a schematic diagram of a structure of an
environmental detection sensor according to an embodiment
of the present invention.

[0014] FIG. 3 is a schematic diagram of an application
structure a piezoelectric device online detection apparatus
according to an embodiment of the present invention.
[0015] FIG. 4 is a schematic diagram of a use how of a
piezoelectric device online detection apparatus according to
an embodiment of the present invention.

[0016] FIG. 5 is a schematic diagram of a compensation
flow of a piezoelectric device online detection apparatus
according to an embodiment of the present invention.
[0017] FIG. 6 is a schematic diagram of a structure of an
electronic device according to an embodiment of the present
invention.

[0018] FIG. 7 is a schematic diagram of a compositional
structure of a piezoelectric device online detection apparatus
for implementing measurement of parallel sensors according
to an embodiment of the present invention.

[0019] FIG. 8 is a schematic diagram of a circuit of an
embodiment of switching between a first measurement cir-
cuit and a working circuit according to an embodiment of the
present invention.

[0020] FIG. 9 is a schematic diagram of a circuit of an
embodiment of a working principle of a second measure-
ment circuit according to an embodiment of the present
invention.

[0021] FIG. 10 is a schematic diagram of a circuit of an
embodiment in which a first measurement circuit and a
second measurement circuit are Resistor-Capacitance (RC)
series circuits according to an embodiment of the present
invention.

[0022] FIG. 11 is a schematic flowchart of an embodiment
of implementing, measurement of parallel sensors using an
RC circuit according to an embodiment of the present
invention.

DETAILED DESCRIPTION

[0023] Implementations of the present invention will be
described in detail below in conjunction with the drawings
and embodiments, so as to fully understand and carry out an
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implementation process of how technical means are applied
in the present invention to solve technical problems and
achieve technical effects. It should be noted that as long as
there is no conflict, various embodiments of the present
invention and various features in the various embodiments
may be combined with each other, and the formed technical
solutions all fall within the protection scope of the present
invention.

[0024] In addition, acts shown in flowcharts of the draw-
ings may be performed in a computer system using a set of
computer-executable instructions, and although a logical
order is shown in a flowchart, the acts shown or described
may be performed in an order different from that shown
herein in some cases.

[0025] Referring to FIG. 1, a piezoelectric device online
detection apparatus according to a first embodiment of the
present invention may include an elastic wave sensor, a
self-check circuit, a working circuit, a switching circuit, and
a control chip. The switching circuit is connected to the
elastic wave sensor, the sell-cheek circuit, and the working
circuit respectively.

[0026] The self-check circuit is also connected to the
control chip and is configured to generate a self-check signal
when connected to the elastic wave sensor.

[0027] The working circuit is also connected to the control
chip and is configured to form a contact detection circuit
when connected to the elastic wave sensor and detect an
external contact through the elastic wave sensor to obtain a
detection signal.

[0028] The control chip is also connected to the switching
circuit, and is configured to output a control signal to the
switching circuit so that the elastic wave sensor is connected
to the working circuit or the self-check circuit; and compare
the received self-check signal with a preset reference value
and obtain a self-check result of the elastic wave sensor
according to a comparison result; or obtain a contact pres-
sure generated by the external contact according to the
received detection signal.

[0029] In an exemplary example, the self-check circuit
may be a self-excited oscillation circuit or a bridge mea-
surement circuit. When the elastic wave sensor is connected
to the self-check circuit, the self-check signal may be
generated based on change in a capacitance of the elastic
wave sensor. In this embodiment, the capacitance of the
elastic wave sensor is associated with integrity of the elastic
wave sensor, thus the change in the capacitance of the elastic
wave sensor may represent change in the integrity of the
elastic wave sensor. Thus, the integrity of the elastic wave
sensor may be known accordingly based on a measurement
result of the capacitance.

[0030] In an exemplary example, the elastic wave sensor
may be a piezoelectric ceramic sensor, a piezoelectric thin
film sensor, a piezoelectric crystal sensor, or another sensor
with a piezoelectric effect.

[0031] In an exemplary example, the control chip may be
a Microcontroller Unit (MCU) element such as a Single
Chip Microcomputer, functions of which are to compare
numerical values and output a preset control signal accord-
ing to an external instruction. Those skilled in the art may
choose to use a related processing chip with the above
functions according to actual needs, which is not limited
herein in the present application.

[0032] Through a structure of the piezoelectric device
online detection apparatus, it is convenient for a user to
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conduct large-scale inspection of an electronic device using
an elastic wave sensor, thereby avoiding problems such as
sensor measurement distortion caused by differences in
initial manufacturability in production, processes, and mate-
rials, and reducing waste of manpower and time in a
traditional inspection process.

[0033] In the above embodiments, the elastic wave sensor
completes self-check mainly using the self-excited oscilla-
tion circuit formed with the self-check circuit. When the
elastic wave sensor is physically damaged due to an instal-
lation error or another behavior, its capacitance will decrease
accordingly, at this moment the self-check signal output by
the self-excited oscillation circuit is hound to change. In
addition, since a square wave period output by the self-
excited oscillation circuit is in a linear relationship with the
capacitance of the elastic wave sensor, that is, T=KC+B,
wherein T represents the square wave period of the self-
check circuit, K and B are linear constants, and C represents
the capacitance of the sensor, the capacitance of the elastic
wave sensor may be confirmed through the square wave
period output by the self-cheek circuit and the linear con-
stants K and B obtained through testing in advance, and a
condition of a damage to the elastic wave sensor may be
obtained according to the capacitance of the elastic wave
sensor. Of course, it may be known from a working principle
of'the elastic wave sensor itself that the damage to the elastic
wave sensor may be divided into a slight damage and a
severe damage. When the elastic wave sensor is in a slight
damage, if accuracy of detection data is not considered, the
elastic wave sensor may still detect a contact pressure.
Therefore, in order to improve detection precision of the
elastic wave sensor in a slight damage, the self-check circuit
is used in the embodiment of the present invention to obtain
the condition of the damage to the elastic wave sensor. Then,
a calibration coefficient is obtained according, to the con-
dition of the damage, and a detection result output by the
elastic wave sensor is corrected using the calibration coef-
ficient, thereby improving detection precision of a slightly
damaged elastic wave sensor effectively. Flow to obtain the
calibration coefficient according to the condition of the
damage will be described in detail in subsequent embodi-
ments of the present invention, and will not be repeated
herein.

[0034] Referring to FIG. 2 in view of fluctuation of
detection precision due to change of an external environ-
ment during actual use, in an embodiment of the present
invention, the piezoelectric device online detection appara-
tus according to the present invention may further include an
environmental detection sensor configured to detect current
environmental data and output the environmental data to the
control chip.

[0035] Inanexemplary example, the environmental detec-
tion sensor may include an environmental data acquisition
device such as a temperature sensor, a humidity sensor, a
sound collector, and an electromagnetic measurement sen-
sor. Therefore, when a user uses the piezoelectric device
online detection apparatus, accuracy of a current self-check
result may be further analyzed according to environmental
data collected by the environmental detection sensor. For
example, when a temperature is higher or lower, a self-check
result of the elastic wave sensor may be treated with
different standards to prevent misjudgment and the like. The
environmental data acquisition device such as the tempera-
ture sensor, the humidity sensor, the sound collector, and the
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electromagnetic measurement sensor may be a sensor device
in related technologies, which will not be enumerated one by
one. Those skilled in the art may choose and use them
according to actual needs. It is worth noting that since
environmental data collected by the above-mentioned envi-
ronmental data collection device such as the temperature
sensor, the humidity sensor, the sound collector, and the
electromagnetic measurement sensor will change the detec-
tion precision of the elastic wave sensor, compensation
detection may be carried out through these environmental
detection sensors, and detection sensors, other detection
sensor whose environmental factors are irrelevant to the
detection precision of the elastic wave sensor are not
included in the scope of the above-mentioned environmental
detection sensors.

[0036] Further, based on the environmental data collected
by the environmental detection sensor, in an embodiment of
the present invention, the control chip may further include a
compensation module, which is configured to compare the
environmental data with a pre-stored threshold and correct
the contact pressure according to a comparison result. The
environmental data may include, but is not limited to, a
combination of one or more of temperature data, humidity
data, noise data, and electromagnetic compatibility data.
Thus, a predefined compensation coefficient is obtained
according to the environmental data and a preset correspon-
dence table. For example, assuming that the temperature
data in the environmental data is A and a compensation
coeflicient corresponding to the temperature data A in the
correspondence table is B, then the contact pressure may be
corrected by using a numerical value B as a compensation
coeflicient; or when the temperature data A is greater than a
preset threshold F, temperature compensation is carried out
through a numerical value Al, and when the temperature
data A is less than the threshold F, temperature compensation
will not be carried out. Of course, in actual work, the
environmental data may include multiple data, at this time a
corresponding compensation coefficient may be obtained
respectively to correct a contact pressure, or the contact
pressure may be corrected by means of a machine learning
algorithm and the like, which will not be described in detail
herein.

[0037] In the above embodiments, when the environmen-
tal detection sensor is a temperature sensor, the compensa-
tion module is configured to compare temperature data
collected b the temperature sensor with a preset temperature
threshold; when the temperature data is greater than or equal
to the preset temperature threshold, a capacitance of an
elastic wave sensor is obtained through a following formula:
C1(t)=axt?xt+c (t=t0): and when the temperature data is less
than the preset temperature threshold, the capacitance of the
elastic wave sensor is obtained through a following formula;
C2(ty=IxtP+mxt+n (t<t0), the above formulas, CI1(t) and
C2(t) are capacitances of the elastic wave sensor; t is an
ambient temperature; a, b, ¢, I, m, and n are constants, Then,
a corrected contact pressure is calculated according to a
capacitance of the elastic Wave sensor, a contact pressure,
and a compensation coefficient through a following com-
pensation function. The compensation function may include:
P=P1l+x-yxz, wherein P is the corrected contact pressure;
P1 is the contact pressure obtained by the control chip
according to a detection signal; t is the capacitance of the
elastic wave sensor, which is C1(t) or C2(1); x and y are
preset compensation coefficients, which are constants.
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[0038] Referring to FIG. 3, in an embodiment of the
present invention, the control chip may further include a
calibration module, which is configured to obtain a calibra-
tion coefficient according to a self-check result and correct
the contact pressure according to the calibration coefficient.
In an exemplary example, the calibration coefficient may be
obtained using a traditional comparison table. For example,
a corresponding relationship between a self-check result and
a calibration coeflicient may be obtained through previous
detection, a comparison table may be established according
to the corresponding relationship, and then a corresponding
calibration coeflicient may be obtained by comparing the
self-check result with a preset comparison table in an online
detection stage. Of course, calibration may be completed
using a machine learning algorithm, which will not be
further limited herein. Those skilled in the art may flexibly
choose settings according to actual needs. In an exemplary
example, in order to avoid unnecessary waste of computing
resources, before the calibration coefficient is obtained
according to the self-check result, the self-check result may
also be compared with a preset threshold. When the self-
check result is less than the preset threshold, it means that
the elastic wave sensor has better detection precision and
does not need to be calibrated again; or when the self-check
result is greater than the preset threshold, it means that the
elastic wave sensor cannot be used normally through cali-
bration, at this time an alarm may be generated through an
alarm unit. For example, there may be three types of
self-check results: 1. a frequency of a self-check signal is
greater than or equal to a reference value and no processing
will be performed; 2. a frequency of a self-check signal is
less than a reference value and greater than a damage value,
compensation will be made:, 3. a frequency of a self-check
signal is less than or equal to a damage value, an alarm for
replacement will be generated. That is to say, in actual work,
the frequency of the self-check signal may be compared with
a damage frequency threshold and a reference frequency
threshold, and if it is greater than the damage frequency
threshold and less than the reference frequency threshold,
the capacitance of the elastic wave sensor may be obtained
through a subsequent formula: or a level at which the elastic
wave sensor needs to be calibrated, i.e., the self-check result,
is determined according to the self-check signal, and then a
calibration coefficient at a corresponding calibration level is
obtained for calibration according to the self-check result. A
damage threshold may be taken as a boundary tier the
calibration level, that is to say, when the self-check signal is
higher than the damage threshold, a corresponding calibra-
tion coefficient exists, and then a calibration operation may
be completed according to the calibration coefficient. There-
fore, in an embodiment of the present invention, the control
chip may further include an alarm unit, which is configured
to generate an alarm signal when the self-check result is
greater than a damage threshold, so as to inform a user to
replace or repair the elastic wave sensor.

[0039] In the above embodiments, when the self-check
result is that the self-check signal is less than a reference
value, a capacitance of the elastic wave sensor correspond-
ing to the self-check result is obtained through a following
formula. A calibration coefficient is obtained according to
the capacitance of the elastic wave sensor, and the contact
pressure is corrected according to the calibration coefficient,
wherein f=o+c+f, f is a frequency of a self-check signal, ¢
is the capacitance of the elastic wave sensor, o and f§ are
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constants. Then, a corrected contact pressure is obtained
according to the capacitance of the elastic wave sensor, the
contact pressure, and the calibration coefficient through a
following calibration function, which may include: P=P1+
x-yxc, is the corrected contact pressure, P1 is the contact
pressure obtained by the control chip according to the
detection signal, ¢ is the capacitance of the elastic wave
sensor, and x and y are preset calibration coeflicients, which
are constants.

[0040] A second embodiment of the present invention
further provides a piezoelectric device online detection
apparatus, which may include a self-check circuit, a switch-
ing circuit, and a control chip.

[0041] The switching circuit is connected to a working
circuit of an external electronic device and is configured to
connect a predetermined elastic wave sensor in the working
circuit with the self-check circuit according to a control
signal; or disconnect a connection between a predetermined
elastic wave sensor and the self heck circuit.

[0042] The self-check circuit is configured to generate a
self-check signal according to the connected elastic wave
sensor. The control chip is configured to generate mid output
a control signal to the switching circuit to connect the elastic
wave sensor with the self-check circuit or disconnect as
connection between the elastic weave sensor and the self-
check circuit; and compare the received self-check signal
with a reference value, and obtain a self-check result of the
elastic wave sensor according to a comparison result.
[0043] In this embodiment, the piezoelectric device online
detection apparatus, as a detection mechanism independent
of traditional electronic devices, may be used conveniently
for performing corresponding detection of the elastic wave
sensor on various electronic devices.

[0044] In the above second embodiment, when the piezo-
electric device online detection apparatus is applied, the
electronic device may perform self-check through following
acts: connecting the elastic wave sensor in the working
circuit with the self-check circuit according to a preset
instruction; acquiring a self-check signal generated by the
self-check circuit according to a capacitance of the elastic
wave sensor, comparing the self-check signal with a preset
signal, obtaining a self-check result of the elastic wave
sensor according to a comparison result, obtaining a cali-
bration coefficient according to the self-check result; con-
necting the elastic wave sensor with the working circuit
according to a preset instruction to firm a contact detection
circuit; and detecting an external contact through the elastic
wave sensor to obtain a detection signal, and calculating and
obtaining a contact pressure, generated when the external
contact occurs, according to the calibration coefficient and
the detection signal.

[0045] In an embodiment of the present invention, the
apparatus in the second embodiment may further include an
environmental detection sensor, which is configured to
detect current environmental data and output the environ-
mental data to the control chip. Specific types of the envi-
ronmental detection sensor are described in the aforemen-
tioned embodiments, and will not be explained one by one
herein.

[0046] In the second embodiment, in an embodiment of
the present invention, the control chip further includes a
compensation module, which is configured to compare the
environmental, data with a pre-stored threshold and obtain a
capacitance of the elastic wave sensor according to a com-
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parison result: Cl(t)=axt’+bxt+c (t=0); when temperature
data is less than a preset temperature threshold, the capaci-
tance of the elastic wave sensor is obtained through a
following formula: C2(t)=Ixt*>+mxt+n (t<t0). In the above
formulas, C1(t) and C2(t) are capacitances of the elastic
wave sensor; t is an ambient temperature; a, b, ¢, 1, m, and
n are constants.

[0047] In the second embodiment, in an embodiment of
the present invention, the control chip further includes a
calibration module, which is configured to obtain the capaci-
tance of the elastic wave sensor according to the self-check
result. When the self-check result is that the self-check
signal is less than a reference value, the capacitance of the
elastic wave sensor corresponding to the self-check result is
obtained through a following formula, which include: f=ax
c+f, wherein f is the self-check signal, ¢ is the capacitance
of the elastic wave sensor, and o and [} are constants.
[0048] Referring to FIG. 4, an embodiment of the present
invention further provides a piezoelectric device online
detection method applicable to the above-mentioned piezo-
electric device online detection apparatus, the method
includes following acts.

[0049] In act 101, a self-cheek signal is generated accord-
ing to an elastic wave sensor.

[0050] In an exemplary, example, this act may include:
connecting the elastic wave sensor with a self-check circuit
according to preset instructions to form a self-excited oscil-
lation circuit; and acquiring the self-check signal generated
by the self-check circuit for the elastic wave sensor, that is
to say, acquiring the self-check signal generated by the
self-excited oscillation circuit according to a capacitance of
the elastic wave sensor and output according to a self-
excited oscillation principle.

[0051] In an exemplary example, the self-check signal
includes, for example, an oscillation frequency value of the
self-check signal.

[0052] In act 102, the self-check signal is compared with
a reference value, and a self-check result of the elastic wave
sensor is obtained according to a comparison result.
[0053] An embodiment of the present invention further
provides a piezoelectric device online detection method
applicable to the above-mentioned piezoelectric device
online detection apparatus, the method includes: connecting
an elastic wave sensor with a working circuit according to a
preset instruction to form a contact detection circuit; and
calculating and obtaining a contact pressure, generated when
art external contact occurs, for a detection signal obtained
through a contact detected by the elastic wave sensor.
[0054] In an exemplary example, the method further
includes: obtaining a preset calibration coeflicient according
to the self-check result; the obtaining the contact pressure
generated when the external contact occurs includes: calcu-
lating and obtaining the contact pressure, generated when
the external contact occurs, according to the calibration
coeflicient and the detection signal for detecting the contact.
[0055] In an exemplary example, the calculating and
obtaining the contact pressure, generated when the external
contact occurs, according to the calibration coefficient and
the detection signal for detecting the contact may include:
connecting the elastic wave sensor with the working circuit
according to the preset instruction to form the contact
detection circuit; and detecting the external contact through
the elastic wave sensor to obtain the detection signal, and
calculating and obtaining the contact pressure, generated
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when the external contact occurs, according to the calibra-
tion coeflicient and the detection signal.

[0056] In this embodiment, a principle of calculating and
obtaining the contact pressure, generated when the external
contact occurs, according to the calibration coefficient and
the detection signal for detecting the contact lies in that:
when an elastic wave sensor is physically damaged, a
capacitance of the elastic wave sensor decreases accord-
ingly, and a square wave period output by a detection circuit
is in a linear relationship with a capacitance of a sensor,
T=KC+B, wherein T represents the square wave period of
the detection circuit; K and B are linear constants; C
represents the capacitance of the sensor. Since a damage
degree of a sensor is in a linear relationship with a period
output by a detection circuit, when the sensor is physically
damaged, it may be corrected by giving a calibration coef-
ficient according to a period value T measured by the
detection circuit. Of course, if it exceeds a range, an alarm
may be output to prompt replacement of the sensor.

[0057] Referring to FIG. 5, in an embodiment of the
present invention, the method further includes: detecting
current environmental data, comparing the environmental
data with a pre-stored threshold, and correcting the contact
pressure according to a comparison result, wherein the
environmental data may include a combination of one or
more of temperature data, humidity data, noise data, and
electromagnetic flux data. In an exemplary example, taking
the temperature data as an example, a capacitance charac-
teristic of the elastic wave sensor is in a corresponding
functional relationship with a temperature, and a capacitance
of a sensor may be compensated algorithmically according
to a temperature in terms of different working environments.
In an exemplary example, when the environmental data
includes temperature data, the temperature data is compared
with a preset temperature threshold. When the temperature
data is greater than or equal to the preset temperature
threshold, the capacitance of the elastic wave sensor is
obtained through a following formula; a corrected contact
pressure is obtained through a following compensation
function according to the capacitance of the elastic wave
sensor, the contact pressure, and a compensation coefficient:
Cl(t)=axt>+b+t+c(t=t0). When the temperature data is less
than the preset temperature threshold, the capacitance of the
elastic wave sensor is obtained through a following formula:
C2(t)=Ixt*+mxt+n (t<t0). In the above formulas, C1(t) and
C2(t) are capacitances of the elastic wave sensor; t is an
ambient temperature; a, b, ¢, 1, m, and n are constants. The
compensation function may include: P=P1+x-yxz, wherein
P is the corrected contact pressure; P1 is the contact pressure
obtained by a control chip according to the detection signal;
7 1s the capacitance of the elastic wave sensor, which is C1(t)
or C2(t): x and y are preset compensation coefficients, which
are constants.

[0058] In an embodiment of the present invention, the
calculating and obtaining the contact pressure, generated
when the external contact occurs, according to the calibra-
tion coeficient and the detection signal may include: obtain-
ing a capacitance of the elastic wave sensor corresponding
to the self-check result through a following formula when
the self-check result is that the self-check signal is less than
a reference value: calculating a corrected contact pressure
according to the capacitance of the elastic wave sensor, the
contact pressure, and the calibration coefficient through a
follow calibration function: f=axc+p, wherein f is a fre-
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quency of the self-check signal; ¢ is the capacitance of the
elastic wave sensor: o and [} are constants. The calibration
function may include: P=P1+x-yxc, wherein P is the cor-
rected contact pressure, P1 is the contact pressure obtained
by the control chip according to the detection signal, ¢ is the
capacitance of the elastic wave sensor, and x and y are preset
calibration coefficients, which are constants.

[0059] A limitation that self-check of a traditional sensor
may only be carried out in a static environment is overcome
in the present disclosure, and detection of an elastic wave
sensor may be quickly completed in an application scene
where the elastic wave sensor is encapsulated and fixed and
is not easy to disassemble. At the same time, there is no
mutual influence between a detection structure and method
according to the present disclosure and a working circuit of
the elastic wave sensor. Furthermore, online self-check may
be completed in any time based on the piezoelectric device
online detection apparatus and method, and compensation in
software may be implemented according to a physical
damage degree of a sensor using the online self-check,
thereby indirectly increasing service life of the sensor and an
ability to adapt to an environment.

[0060] As shown in FIG. 6, the electronic device 600 may
further include a communication module 110, an input unit
120, an audio processing unit 130, a display 160, and a
power supply 170. It is worth noting that the electronic
device 600 does not necessarily include all components
shown in FIG. 6. In addition, the electronic device 600 may
further include components not shown in FIG. 6, and
reference may be made to the prior art.

[0061] As shown in FIG. 6, a central processor 100, which
is sometimes referred to as a controller or an operation
control, may include a microprocessor or another processor
apparatus and/or a logic apparatus. The central processor
100 receives an input and controls operations of various
components of the electronic device 600.

[0062] A memory 140, for example, may be one or more
of to buffer, a flash memory, a hard drive, a removable
medium, a volatile memory, a non-volatile memory, or
another suitable apparatus, and may store the above-men-
tioned information related to the failure, in addition, may
further store a program for executing related information.
Furthermore, the central processor 100 may execute the
program stored in the memory 140 to implement informa-
tion storage, processing, and etc.

[0063] The input unit 120 provides an input to the central
processor 100. The input unit 120 is, for example, a key or
a touch input apparatus. The power supply 170 is used for
supplying power to the electronic device 600. The display
160 is used for carrying out display of display objects such
as images and texts. The display may be, for example, a
Liquid Crystal Display (LCD) display, but it is not: limited
thereto.

[0064] The memory 140 may be a solid-state memory,
such as a Read Only Memory (ROM), a Random Access
Memory (RAM), a Subscriber Identity Module (SIM) card,
etc. It may also be such a memory that it may save
information even when power is off, and may be selectively
erased and provided with more data. An example of the
memory is sometimes called Electrical Programmable Read
Only Memory (EPROM) or the like. The memory 140 may
also be some other type of apparatus. The memory 140
includes a buffer memory 141 (sometimes called a buffer).
The memory 140 may include an application/function stor-
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age part 142, which is used for storing application programs
and function programs or used for executing flows of
operations of the electronic device 600 through the central
processor 100.

[0065] The memory 140 may also include a data storage
part 143, which is used for storing data, such as contacts,
digital data, pictures, sounds, and/or any other data used by
an electronic device. A driver storage part 144 of the
memory 140 may include various drivers of the electronic
device for communication functions and/or for executing
other functions (e.g., messaging application and address
book application) of the electronic device.

[0066] The communication module 110 is a transmitter/
receiver 110 that transmits and receives signals via an
antenna 111. The communication module (transmitter/re-
ceiver) 110 is coupled to the central processor 100 to provide
input signals and receive output signals, which ma be the
same as a situation for a conventional mobile communica-
tion terminal.

[0067] A plurality of communication modules 110, such as
a cellular network module, a Bluetooth module, and/or a
wireless local area network module, may be provided in a
same electronic device based on different communication
technologies. The communication module (transmitter/re-
ceiver) 110 is also coupled to a speaker 131 and a micro-
phone 132 via an audio processor 130 to provide audio
outputs via the speaker 131 and receive audio inputs from
the microphone 132, thereby implementing general telecom-
munication functions. The audio processor 130 may include
any suitable buffer, decoder, amplifier, etc. In addition, the
audio processor 130 is also coupled to the central processor
100, so that sounds may be recorded locally through the
microphone 132, and sounds stored locally may be played
through the speaker 131.

[0068] In practical application scenarios, there is a solu-
tion in which multiple elastic wave sensors are used in
parallel. If any of sensors connected in parallel is damaged,
the damaged sensor needs to be located for easy replacement
and maintenance, so as to ensure normal use of circuits in
which multiple sensors connected in parallel are located. An
embodiment of the present invention further provides a
piezoelectric device online detection apparatus, which is
used for implementing measurement of parallel sensors to
automatically locate a damaged sensor and ensure normal
use of circuits.

[0069] For such an application scenario where there are
parallel sensors, that is to say, the elastic wave sensor in FI1G.
1 is a group of parallel sensors including n parallel elastic
wave sensors, the self-check circuit includes a first mea-
surement circuit and a second measurement circuit, and the
control chip includes a sampling control circuit, as shown in
FIG. 7, which is a schematic diagram of a compositional
structure of a piezoelectric device online detection apparatus
for implementing measurement of parallel sensors according
to an embodiment of the present invention. In the embodi-
ment of the present invention, the piezoelectric device
online detection apparatus for implementing the measure-
ment of the parallel sensors at least includes a first mea-
surement circuit, a second measurement circuit, a sampling
control circuit, and a group of parallel sensors including n
elastic wave sensors connected in parallel.

[0070] The first measurement circuit is configured to
detect the group of parallel sensors under control of the
sampling control circuit. In an exemplary example, the first
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measurement circuit is a Resistor-Capacitor (RC) circuit,
which includes a first resistor and a group of parallel sensors
serving as a first capacitor. The first measurement circuit
detects the group of parallel sensors under control of the
sampling control circuit.

[0071] The second measurement circuit is configured to
poll and detect any one elastic wave sensor in the group of
parallel sensors under control of the sampling control cir-
cuit. In an exemplary example, the second measurement
circuit is an RC circuit which includes a second resistor, any
one elastic wave sensor in the group of parallel sensors,
which is serving as a second capacitor, and a switching
circuit composed of switches. A switch is configured to use
one elastic wave sensor in the group of parallel sensors as a
second capacitor under control of the sampling, control
circuit. The second measurement circuit detects each elastic
wave sensor in the group of parallel sensors respectively
under control of the sampling control circuit.

[0072] The sampling control circuit is configured to, when
a system of an apparatus to which the sampling control
circuit belongs is powered on, or according to a preset period
or when a detection instruction is received, control the first
measurement circuit to detect the group of parallel sensors,
sample an output of the first measurement circuit, and
determine whether there is a damaged elastic wave sensor in
the group of parallel sensors according to a first sampling
result; when there is a damaged elastic wave sensor in the
group of parallel sensors, control the second measurement
circuit to detect a single elastic wave sensor in the group of
parallel sensors, sample an output of the second measure-
ment circuit, and determine the damaged elastic wave sensor
in the group of parallel sensors according to a second
sampling result.

[0073] In an exemplary example, the elastic wave sensors
include, but are not limited to, piezoelectric sensors, strain
sensors, etc. The piezoelectric sensors may include piezo-
electric ceramic sensors, piezoelectric thin film sensors,
piezoelectric crystal sensors, or other sensors with a piezo-
electric effect, etc.

[0074] In an exemplary example, the sampling control
circuit is further configured to control the group of parallel
sensors to connect to the working, circuit during initializa-
tion or when there is no damaged sensor in the group of
parallel sensors.

[0075] In an exemplary example, there is a lower limit
value C, for capacitances of elastic wave sensors that form
a same group of parallel sensors, and hardware replacement
or other processing is performed through conversion of a
filter circuit when a capacitance is less than the lower limit
value.

[0076] The piezoelectric device online detection apparatus
for implementing the measurement of the parallel sensors
according to the embodiment of the present application first
checks whether there is a problem in the group of parallel
sensors, and then polls and detects sensors in the group of
parallel sensors, so as to check the sensors one by one to find
out a damaged sensor, such that the damaged sensor may be
automatically located, thereby ensuring normal use of cir-
cuits.

[0077] In an exemplary example, the sampling control
circuit may implement selection for the first measurement
circuit, the second measurement circuit, and the working
circuit by a switching circuit such as switches.
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[0078] In an exemplary example, if there are two or more
groups of parallel sensors, for detection of different groups
of parallel sensors, a switching circuit may be used to
achieve polling, that is, the sampling control circuit uses the
switching circuit to connect each group of parallel sensors to
the first measurement circuit one by one, so as to detect
whether there is a damaged sensor for each group of parallel
sensors respectively.

[0079] FIG. 8 is a schematic diagram of a circuit of an
embodiment or switching between a first measurement cir-
cuit and a working circuit according to an embodiment of the
present invention. As shown in FIG. 8, a group of parallel
sensors is connected to the working circuit or the first
measurement circuit through control of switches. In the
embodiment as shown in FIG. 8, through the control of the
switches, if the group of parallel sensors is connected to the
working circuit, then a port A of the group of parallel sensors
is connected to one end (Work_+) of the working circuit, and
a port B of the group of parallel sensors is connected to the
other end (Work_-) of the working circuit. Through the
control of the switches, if the group of parallel sensors is
connected to the first measurement circuit, then the port A of
the group of parallel sensors serves as one end (Checkl_+)
of a first capacitor in the first measurement circuit and the
port B of the group of parallel sensors serves as the other end
(Checkl_-) of the first capacitor in the first measurement
circuit.

[0080] FIG. 9 is a schematic diagram of a circuit of an
embodiment of a working principle of a second measure-
ment circuit according to an embodiment of the present
invention. As shown in FIG. 9, in this embodiment, it is
assumed that a group of parallel sensors includes n elastic
wave sensors, and switches include n switches that may be
independently controlled. The switches shown in FIG. 9
may be internal switches of the group of parallel sensors. An
elastic wave sensor in the group of parallel sensors is
connected to the second measurement circuit through con-
trol of the switches, at this time, a port A of the group of
parallel sensors serves as one end (Check2_+) of a second
capacitor in the second measurement circuit, and a port B of
the group of parallel sensors serves as the other end
(Check_-) of the second capacitor in the second measure-
ment circuit.

[0081] Taking the first measurement circuit and the second
measurement circuit being an RC series circuit for example,
as shown in FIG. 10, under control of a sampling control
circuit, the group of parallel sensors is connected as a
capacitor and becomes a part of the first measurement circuit
or the second measurement circuit. In the RC circuit shown
in this embodiment, a direct current can’t flow through due
to existence of the capacitor, and both a resistor and the
capacitor hinder the current. A total impedance is deter-
mined through a resistance and a capacitive reactance and
the total impedance varies with a frequency. The RC series
circuit has a break frequency f,:f,=1/(2xxRxC). When a
frequency of an input signal is greater than f,, a total
impedance of the whole RC series circuit is basically
unchanged, and its amplitude is equal to a value of a
resistance.

[0082] For a case in which the group of parallel sensors is
controlled to connect to the first: measurement circuit and
become a part of the first measurement circuit, a break
frequency f,,=1/(2nxR1xC1), wherein a value of a resis-
tance R1 is a given value, its error precision is required to



US 2022/0283023 Al

be less than 1%, and a compacitance C1 a sum of capaci-
tances of various elastic wave sensors in the group of
parallel sensors. When an excitation signal is given, if all
elastic wave sensors in the group of parallel sensors work
normally, then an amplitude of a signal obtained by the
sampling control circuit and output after passing through the
first measurement circuit is certain (assuming that the ampli-
tude is a signal amplitude threshold A,,;). If there is a
damaged elastic wave sensor in the group of parallel sensors,
a total capacitance of the group of parallel sensors, i.e., Cl
will decrease, which means that the break frequency f,, will
increase, then the amplitude of the signal obtained by the
sampling control circuit and output after passing through the
first measurement circuit will decrease (assuming that the
amplitude is a first measured signal amplitude A ). The
sampling control circuit records the signal amplitude thresh-
old A,,, and the first measured signal amplitude A, and
calculates a signal amplitude difference H between them,
Here, the signal amplitude threshold A,,; may be a value or
a range.

[0083] For a case in which the group of parallel sensors is
controlled to connect to the second measurement circuit and
become a part of the second measurement circuit, a break
frequency f,,=1/(2nxR wherein a value of a resistance R2 is
a given value, its error precision is required to be less than
1%, and a capacitance C2 is capacitances of elastic wave
sensors, which are currently connected to the second mea-
surement circuit, in the group of parallel sensors. Elastic
wave sensors in the group of parallel sensors are detected
one by one through switches in the group of parallel sensors
shown in FIG. 10, until a sum of amplitude differences
detected each time is equal to a signal amplitude difference
H

[0084] In an exemplary example, when an excitation sig-
nal is given, if an elastic wave sensor q (assuming that its
capacitance is C, ) in the group of parallel sensors, currently
switched to, works normally, then an amplitude of a signal
obtained by the sampling control circuit and output after
passing through the second measurement circuit is certain
(assuming that the amplitude is a signal amplitude threshold
A,,,). If the elastic wave sensor is damaged, its capacitance,
i.e., C,, will decrease, which means that a break frequency
f,, will increase, then the amplitude of the signal obtained by
the sampling control circuit and output alter passing through
the second measurement circuit will decrease (assuming that
the amplitude is a second measured signal amplitude A, ).
The sampling control circuit records the signal amplitude
threshold A, and the second measured signal amplitude
A, accordingly, and calculates a signal amplitude difference
H,,, between them. If H, , is equal to H, polling and detection
by using the second measurement circuit will be stopped,
and it is determined that a damaged sensor in the group of
parallel sensors is the sensor q.

[0085] IfH,, is less than H, then polling and detecting the
elastic wave sensors in the group of parallel sensors continue
to be performed. If an elastic wave sensor p (assuming that
its capacitance is C,,) in the group of parallel sensors,
currently switched to, works normally, then the amplitude of
the signal obtained by the sampling control circuit and
output after passing through the second measurement circuit
is certain (assuming that the amplitude is a signal amplitude
threshold A,,,). If the elastic wave sensor is damaged, its
capacitance i.e., C,, will decrease, which means that a break
frequency f,, will increase, then the amplitude of the signal
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obtained by the sampling control circuit and output alter
passing through the second measurement circuit will
decrease (assuming that the amplitude is a second measured
signal amplitude A, ), The sampling control circuit records
the signal amplitude threshold. A,,, and the second mea-
sured signal amplitude A, accordingly, and calculates a
signal amplitude difference H,, between them. If (H,,+H,,)
is equal to H, polling and detection by using the second
measurement circuit will be stopped, and it is determined
that damaged sensors in the group of parallel sensors are the
elastic wave sensor q and the elastic wave sensor p. Here, the
signal amplitude threshold A,,, may be a value or a range.
[0086] If (H,,+H,,) is less than H, then polling and
detecting the elastic wave sensors in the group of parallel
sensors continue to be performed until a sum of detected
signal amplitude differences is equal to H, and it is deter-
mined that a corresponding elastic wave sensor, for which a
signal amplitude difference is detected, is a damaged sensor.
[0087] It should be noted that the excitation signal being
given means that the excitation signal remains unchanged in
the whole measurement process.

[0088] An embodiment of the present invention further
provides a piezoelectric device online detection method for
implementing measurement of parallel sensors, which
includes: controlling a first measurement circuit to detect a
group of parallel sensors, sampling an output of the first
measurement circuit, and determining; whether there is a
damaged elastic wave sensor in the group of parallel sensors
according to a first sampling result; and controlling a second
measurement circuit to detect a single sensor in the group of
parallel sensors when there is a damaged elastic wave sensor
in the group of parallel sensors, sampling an output of the
second measurement circuit, and determining the damaged
elastic wave sensor in the group of parallel sensors accord-
ing to a second sampling result.

[0089] In an exemplary example, the first measurement
circuit is a first Resistor-Capacitor (RC) circuit; the second
measurement circuit is a second Resistor-Capacitor (RC)
circuit.

[0090] The controlling the first measurement circuit to
detect the group of parallel sensors includes: sampling an
output of the first RC circuit by using the group of parallel
sensors as a first capacitor in the first RC circuit, and
detecting whether there is a damaged elastic wave sensor in
the group of parallel sensors according to a first sampling
result.

[0091] The controlling the second measurement circuit to
detect the single sensor in the group of parallel sensors
includes: polling and detecting elastic wave sensors in the
group of parallel sensors by using sensors in the group of
parallel sensors as a second capacitor in the second RC
circuit, sampling an output of the second RC circuit respec-
tively, and determining a damaged elastic wave sensor
according to a second sampling result.

[0092] FIG. 11 is a schematic flowchart of an embodiment
of implementing measurement of parallel sensors using an
RC circuit according to an embodiment of the present
invention. As shown in FIG. 11, in this embodiment, the
method includes following acts.

[0093] In act 1100, a group of parallel sensors is used as
a first capacitor in a first RC circuit, an output of a first
measurement circuit is sampled, and whether there is a
damaged elastic wave sensor in the group of parallel sensors
is detected according to a first sampling result.
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[0094] Inan exemplary example, in this act, whether there
is a damaged elastic wave sensor in the group of parallel
sensors is detected, including; when an excitation signal is
given, if a first measured signal amplitude A |, shown in the
first sampling result decreases relative to a signal amplitude
threshold A, that is to say, the first measured signal
amplitude A, is less than the signal amplitude threshold
then it is detected that there is a damaged elastic wave sensor
in the group of parallel sensors; and the signal amplitude
threshold A,,, and the first measured signal amplitude A,
are recorded, and a signal amplitude difference H between
them is calculated. Here, the signal amplitude threshold A,
may be a value or a range.

[0095] When the excitation signal is given, if all elastic
wave sensors in the parallel sensors work normally, then the
first measured signal amplitude A, shown in the first
sampling result is certain, that is, it is the signal amplitude
threshold

[0096] In act 1101, when there is a damaged elastic wave
sensor in the group of parallel sensors, elastic wave sensors
in the group of parallel sensors are polled and detected by
using the elastic wave sensors in the group of parallel
sensors as a second capacitor in a second RC circuit, an
output of a second measurement circuit is sampled respec-
tively, and the damaged elastic wave sensor is determined
according to a second sampling result.

[0097] In an exemplary example, determining the dam-
aged elastic wave sensor includes: when an excitation signal
is given, detecting elastic wave sensors in the group of
parallel sensors one by one until a sum of amplitude differ-
ences detected each time is equal to a signal amplitude
difference H, and determining that a corresponding sensor,
for which a signal amplitude difference is detected, is a
damaged elastic wave sensor.

[0098] In an exemplary example, determining that the
corresponding elastic wave sensor, for which a signal ampli-
tude difference is detected, is the damaged elastic wave
sensor specifically includes following contents.

[0099] When an excitation signal is given, an elastic wave
sensor q is detected, A second measured signal amplitude
A, shown in the second sampling result decreases relative
to a signal amplitude threshold A,,,, that is to say, if the
second measured signal amplitude A, shown in the second
sampling result is less than the signal amplitude threshold
A, it is detected that the elastic wave sensor q is a
damaged elastic wave sensor. A sampling control circuit
records the signal amplitude threshold A,,, and the second
measured signal amplitude A, , and calculates a signal
amplitude difference H,, between them. If H,,, is equal to H,
it is determined that a damaged elastic wave sensor in the
group of parallel sensors is the elastic wave sensor q. Here,
the signal amplitude threshold A,,, may be a value or a
range.

[0100] If H,, is less than H, then polling and detecting
elastic wave sensors in the group of parallel sensors continue
to be performed, and an elastic wave sensor p is detected. A
second measured signal amplitude A,, shown in the second
sampling result decreases relative to the signal amplitude
threshold A,,,, that is to say, if the second measured signal
amplitude A, shown in the second sampling result is less
than the signal amplitude threshold A,,,, it is detected that
the elastic wave sensor p is a damaged elastic wave sensor.
The sampling control circuit records the signal amplitude
threshold A,,, and the second measured signal amplitude
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A,,, and calculates a signal amplitude difference H,,
between them. If (H,,+H., ) is equal to it is determined that
damaged elastic wave sensors M the group of parallel
sensors are the elastic wave sensor q and the elastic wave
sensor p.

[0101] TIf (H,,+H,,) is less than H, polling and detecting
the elastic wave sensors in the group of parallel sensors
continue to be performed until a sum of detected signal
amplitude differences is equal to H, it is determined that a
corresponding elastic wave sensor, for which a signal ampli-
tude difference is detected, is a damaged elastic wave sensor.
[0102] When the excitation signal is given, if each elastic
wave sensor 1 is the parallel sensors works normally, then a
second measured signal amplitude A,, shown in the second
sampling result is certain, that is, it is the signal amplitude
threshold A, ,, wherein i is 1 to n, n is a quantity of elastic
wave sensors in the group of parallel sensors, and p and q
each are any one of the n elastic wave sensors.

[0103] In an exemplary example, during initialization or
when it is detected that there is no damaged elastic wave
sensor in the group of parallel sensors, the group of parallel
sensors is controlled to connect to a working circuit.
[0104] In an exemplary example, if there are two or more
groups of parallel sensors, different groups of parallel sen-
sors are polled and detected according to the method from
act 1100 to act 1101, that is, each group of parallel sensors
is connected to a first RC circuit one by one, so as to detect
respectively whether there is a damaged elastic wave sensor
in each group of parallel sensors.

[0105] An embodiment of the present invention further
provides a computer-readable storage medium having stored
therein computer-executable instructions, which are used for
executing any one of the above-mentioned piezoelectric
device online detection methods.

[0106] An embodiment of the present invention further
provides an electronic device, which includes a memory, a
piezoelectric device online detection apparatus, a processor,
and a computer program stored in the memory and runnable
on the processor, wherein the processor implements any one
of the above-mentioned piezoelectric device online detec-
tion methods when executing the computer program,
[0107] Those skilled in the art should understand that the
embodiments of the present invention ma be embodied as
methods, systems, or computer program products. Accord-
ingly, the present invention may adopt a form of an entirely
hardware embodiment, an entirely software embodiment, or
an embodiment combining software and hardware aspects.
Furthermore, the present invention may adopt a form of a
computer program product implemented on one or more
computer usable storage media (including but not limited to
a disk memory, a Compact Disc Read-Only Memory (CD-
ROM), an optical memory, etc.) having computer usable
program codes contained therein.

[0108] The embodiments of the present invention are
described with reference to flowcharts and/or block dia-
grams of methods, devices (systems), and computer program
products according to the embodiments of the present inven-
tion. It should be understood that each flow and/or block in
the flow charts and/or block diagrams as well as combina-
tions of flows and/or blocks in the flow charts and/or block
diagrams may be implemented through computer program
instructions. These computer program instructions may be
provided to a processor of a general-purpose computer, a
special-purpose computer, an embedded processing
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machine, or another programmable data processing device
to generate a machine, so that an apparatus configured to
implement functions specified in one or more flows in the
flowcharts and/or one or more blocks in the block diagrams
is generated through instructions executed by a processor of
a computer, or another programmable data processing
device.

[0109] These computer program instructions may also be
stored in a computer-readable memory that may guide a
computer or another programmable data processing device
to work in a specific way, so that instructions stored in the
computer-readable memory generate an article of manufac-
ture including an instruction apparatus, which implement
functions specified in one or more flows in the flowcharts
and/or one or more blocks in the block diagrams.

[0110] These computer program instructions may also be
loaded onto a computer or another programmable data
processing device, so that a series of operation acts are
performed on the computer or another programmable device
to generate a computer-implemented processing, so that the
instructions executed on the computer or another program-
mable device provide acts for in functions specified in one
or more flows in the flowcharts and/or one or more blocks
in the block diagrams.

[0111] The purposes, technical solutions, and beneficial
effects of the present invention are further described in detail
in conjunction with specific embodiments described above.
It should be understood that what described above is only the
specific embodiments of the present invention, and is not
intended to limit the protection scope of the present inven-
tion. Any modification, equivalent substitution, improve-
ment, etc. made within the spirit and principle of the present
invention should be included in the protection scope of the
present invention.

1. A piezoelectric device online detection apparatus, com-
prising: an elastic wave sensor, a self-check circuit, a
working circuit, a switching circuit, and a control chip; the
switching circuit being connected to the elastic wave sensor,
the self-check circuit, and the working circuit respectively;
wherein

the self-check circuit is further connected to the control

chip and is configured to generate a self-check signal
when connected to the elastic wave sensor;

the working circuit is further connected to the control chip

and is configured to form a contact detection circuit
when connected to the elastic wave sensor and detect
an external contact through the elastic wave sensor to
obtain a detection signal;

the control chip is further connected to the switching

circuit and is configured to output a control signal to the
switching circuit to connect the elastic wave sensor
with the working circuit or the self-check circuit; and
compare a received self-check signal with a reference
value, and obtain a self-check result of the elastic wave
sensor according to a comparison result; or obtain a
contact pressure generated by the external contact
according to a received detection signal.

2. The piezoelectric device online detection apparatus
according to claim 1, further comprising: an environmental
detection sensor configured to detect current environmental
data and output the environmental data to the control chip,
wherein

the control chip further comprises a compensation module

configured to compare the environmental data with a
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pre-stored threshold and correct the contact pressure
according to a comparison result.

3. The piezoelectric device online detection apparatus
according to claim 2, wherein the environmental detection
sensor is a temperature sensor; and

the compensation module is configured to compare tem-

perature data collected by the temperature sensor with
a preset temperature threshold; when the temperature
data is greater than or equal to the preset temperature
threshold, obtain a capacitance of the elastic wave
sensor through a following formula: C1(t)=axt*+bxt+c
(t=t0) ; and when the temperature data is less than the
preset temperature threshold, obtain a capacitance of
the elastic wave sensor through a following formula:
C2(t)=Ixt*+mxt+n (t<t0) , wherein C1(t) and C2(t) are
capacitances of the elastic wave sensor; t is an ambient
temperature; a, b, ¢, 1, m, and n are constants.

4. The piezoelectric device online detection apparatus
according to claim 3, wherein the compensation module is
configured to calculate and obtain a corrected contact pres-
sure according to the capacitance of the elastic wave sensor,
the contact pressure, and a compensation coeflicient through
a compensation function which comprises: P=P1+x-yxz,
wherein P is the corrected contact pressure; P1 is the contact
pressure obtained by the control chip according to the
detection signal; z is the capacitance of the elastic wave
sensor; X and y are preset compensation coefficients, which
are constants.

5. The piezoelectric device online detection apparatus
according to claim 1, wherein the control chip further
comprises a calibration module which is configured to
obtain a calibration coefficient according to the self-check
result and correct the contact pressure according to the
calibration coefficient;

when the self-check signal is less than a reference value,

a capacitance of the elastic wave sensor is obtained
through a following formula: f=axc+f, wherein f is a
frequency of the self-check signal, ¢ is the capacitance
of the elastic wave sensor, o and f§ are constants; and

a corrected contact pressure is calculated and obtained

according to the capacitance of the elastic wave sensor,
the contact pressure, and the calibration coefficient
through a calibration function which comprises: P=P1+
x-yxc, wherein P is the corrected contact pressure, P1
is the contact pressure obtained by the control chip
according to the detection signal, ¢ is the capacitance of
the elastic wave sensor, and x and y are preset calibra-
tion coefficients, which are constants.

6. The piezoelectric device online detection apparatus
according to claim 1, wherein the elastic wave sensor is a
group of parallel sensors comprising n parallel elastic wave
sensors, the self-check circuit comprises a first measurement
circuit and a second measurement circuit, and the control
chip comprises a sampling control circuit, wherein

the first measurement circuit is configured to detect the

group of parallel sensors under control of the sampling
control circuit;

the second measurement circuit is configured to poll and

detect any one elastic wave sensor in the group of
parallel sensors under control of the sampling control
circuit; and

the sampling control circuit is configured to control the

first measurement circuit to detect the group of parallel
sensors, sample an output of the first measurement
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circuit, and determine whether there is one or more
damaged elastic wave sensors in the group of parallel
sensors according to a first sampling result; when there
is one or more damaged elastic wave sensors in the
group of parallel sensors, control the second measure-
ment circuit to detect a single sensor in the group of
parallel sensors, sample an output of the second mea-
surement circuit, and determine the one or more dam-
aged elastic wave sensors in the group of parallel
sensors according to a second sampling result; and
control the group of parallel sensors to connect with the
working circuit during initialization or when there is no
damaged elastic wave sensor in the group of parallel
sensors.

7. The piezoelectric device online detection apparatus
according to claim 6, wherein

the first measurement circuit is a Resistor-Capacitor (RC)

circuit comprising a first resistor and the group of
parallel sensors which is used as a first capacitor;

the second measurement circuit is an RC circuit compris-

ing a second resistor, any one sensor in the group of
parallel sensors, which is used as a second capacitor,
and switches, wherein a switch is configured to use one
sensor in the group of parallel sensors as the second
capacitor under control of the sampling control circuit.

8. The piezoelectric device online detection apparatus
according to claim 6, wherein if there are two or more
groups of parallel sensors, the sampling control circuit uses
the switching circuit to connect each group of parallel
sensors with the first measurement circuit one by one, to
detect respectively whether there is one or more damaged
sensors in each group of parallel sensors.

9. A piezoelectric device online detection apparatus, com-
prising a self-check circuit, a switching circuit, and a control
chip, wherein

the switching circuit is connected to a working circuit of

an external electronic device and is configured to
connect a predetermined elastic wave sensor in the
working circuit with the self-check circuit according to
a control signal; or disconnect a connection between a
predetermined elastic wave sensor and the self-check
circuit;

the self-check circuit is configured to generate a self-

check signal for a connected elastic wave sensor;

the control chip is configured to generate and output a

control signal to the switching circuit to connect the
elastic wave sensor with the self-check circuit or dis-
connect a connection between the elastic wave sensor
and the self-check circuit; and compare a received
self-check signal with a reference value, and obtain a
self-check result of the elastic wave sensor according to
a comparison result.

10. The piezoelectric device online detection apparatus
according to claim 9, wherein the control chip further
comprises a compensation module which is configured to
compare environmental data with a pre-stored threshold and
obtain a capacitance of the elastic wave sensor according to
a comparison result;

when the environmental data comprises temperature data

and the temperature data is greater than a preset tem-
perature threshold, the capacitance of the elastic wave
sensor is obtained through a following formula: C1(t)
=axt*+bxt+c (t=t0); and
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when the temperature data is less than the preset tem-
perature threshold, the capacitance of the elastic wave
sensor is obtained through a following formula: C2(t)
=Ixt*+mxt4+n (t<t0),

wherein C1(t) and C2(t) are capacitances of the elastic

wave sensor; t is an ambient temperature; a, b, ¢, |, m,
and n are constants.

11. The piezoelectric device online detection apparatus
according to claim 9, wherein the control chip further
comprises a calibration module which is configured to
obtain a capacitance of the elastic wave sensor according to
the self-check result; and

when the self-check signal is less than a reference value,

the capacitance of the elastic wave sensor is obtained
through a following formula: f=axc+f, wherein f is a
frequency of the self-check signal, ¢ is the capacitance
of the elastic wave sensor, o and 3 are constants.

12. A piezoelectric device online detection method com-
prising:

connecting an elastic wave sensor with a self-check

circuit according to a preset instruction;

acquiring a self-check signal generated by the self-check

circuit for the eclastic wave sensor, comparing the
self-check signal with a pre-stored reference value, and
obtaining a self-check result of the elastic wave sensor
according to a comparison result;

connecting the elastic wave sensor with a working circuit

according to a preset instruction to form a contact
detection circuit; and

detecting an external contact through the elastic wave

sensor to obtain a detection signal, calculating and
obtaining a contact pressure, generated when the exter-
nal contact occurs, according to the detection signal.
13. The piezoelectric device online detection method
according to claim 12, wherein
the acquiring the self-check signal generated by the
self-check circuit for the elastic wave sensor comprises:
acquiring the self-check signal generated by the self-
check circuit according to a capacitance of the elastic
wave sensor; and
obtaining a calibration coefficient according to the self-
check result after the self-check result is obtained; and

the calculating and obtaining the contact pressure, gen-
erated when the external contact occurs, according to
the detection signal comprises:

calculating and obtaining the contact pressure, generated

when the external contact occurs, according to the
calibration coefficient and the detection signal.

14. The piezoelectric device online detection method
according to claim 12, further comprising: detecting current
environmental data, comparing the environmental data with
a pre-stored threshold, and correcting the contact pressure
according to a comparison result.

15. The piezoelectric device online detection method
according to claim 14, wherein the correcting the contact
pressure according to the comparison result comprises:

the environmental data comprising temperature data,

comparing the temperature data with a preset tempera-
ture threshold; when the temperature data is greater
than or equal to the preset temperature threshold,
obtaining a capacitance of the elastic wave sensor
through a following formula: C1(t)=axt>+bxt+c (t=t0);
and when the temperature data is less than the preset
temperature threshold, obtaining a capacitance of the
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elastic wave sensor through a following formula: C2(t)
=Ixt*+mxt+n (t<t0) , wherein CI1(t) and C2(t) are
capacitances of the elastic wave sensor; t is an ambient
temperature; a, b, ¢, 1, m, and n are constants; and

calculating and obtaining a corrected contact pressure
according to the capacitance of the elastic wave sensor,
the contact pressure, and a compensation coefficient
through a compensation function which comprises:
P=P1+x-yxz, wherein P is the corrected contact pres-
sure; P1 is the contact pressure obtained by a control
chip according to the detection signal; z is the capaci-
tance of the elastic wave sensor; x and y are preset
compensation coefficients.

16. The piezoelectric device online detection method
according to claim 13, wherein the calculating and obtaining
the contact pressure, generated when the external contact
occurs, according to the calibration coefficient and the
detection signal for detecting a contact comprises:

when the self-check signal is less than a reference value,

obtaining a capacitance of the elastic wave sensor
corresponding to the self-check result through a fol-
lowing formula: f=axc+f, wherein f is a frequency of
the self-check signal, ¢ is the capacitance of the elastic
wave sensor, o and f§ are constants; and

calculating and obtaining a corrected contact pressure

according to the capacitance of the elastic wave sensor,
the contact pressure, and the calibration coefficient
through a calibration function which comprises: P=P1+
x-yxc, wherein P is the corrected contact pressure, P1
is the contact pressure obtained by a control chip
according to the detection signal, ¢ is the capacitance of
the elastic wave sensor, and x and y are preset calibra-
tion coefficients which are constants.

17. The piezoelectric device online detection method
according to claim 12, wherein the elastic wave sensor is a
group of parallel sensors comprising n parallel elastic wave
sensors; the self-check circuit comprises a first measurement
circuit and a second measurement circuit;

the acquiring the self-check signal generated by the
self-check circuit for the elastic wave sensor, compar-
ing the self-check signal with the reference value, and
obtaining the self-check result of the elastic wave
sensor according to the comparison result, comprises:

controlling the first measurement circuit to detect the
group of parallel sensors, sampling an output of the first
measurement circuit, and determining whether there is
one or more damaged sensors in the group of parallel
sensors according to a first sampling result; and

when there is one or more damaged sensors in the group
of parallel sensors, controlling the second measurement
circuit to detect a single sensor in the group of parallel
sensors, sampling an output of the second measurement
circuit, and determining the one or more damaged
sensors in the group of parallel sensors according to a
second sampling result.

18. The piezoelectric device online detection method
according to claim 17, wherein the first measurement circuit
is a first Resistor-Capacitor (RC) circuit; the second mea-
surement circuit is a second Resistor-Capacitor (RC) circuit,

the controlling the first measurement circuit to detect the

group of parallel sensors comprises: sampling an output
of the first RC circuit by using the group of parallel
sensors as a first capacitor in the first RC circuit, and
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detecting whether there is one or more damaged sen-
sors in the group of parallel sensors according to a first
sampling result; and

the controlling the second measurement circuit to detect

the single sensor in the group of parallel sensors
comprises: polling and detecting sensors in the group of
parallel sensors by using the sensors in the group of
parallel sensors as a second capacitor in the second RC
circuit, sampling an output of the second RC circuit
respectively, and determining the one or more damaged
sensors according to a second sampling result.

19. The piezoelectric device online detection method
according to claim 18, wherein

the detecting whether there is one or more damaged

sensors in the group of parallel sensors comprises:

when an excitation signal is given, if a first measured

signal amplitude Au shown in the first sampling result
is less than a signal amplitude threshold A ,,,, detecting
that there is one or more damaged sensors in the group
of parallel sensors; and recording the signal amplitude
threshold A,,; and the first measured signal amplitude
A, and calculating a signal amplitude difference H
between the signal amplitude threshold A,,; and the
first measured signal amplitude A, ;

wherein when the excitation signal is given, if all sensors

in the parallel sensors work normally, then the first
measured signal amplitude A,; shown in the first sam-
pling result is the signal amplitude threshold A ,,,; and

the determining the one or more damaged sensors accord-

ing to the second sampling result comprises: detecting
the sensors in the group of parallel sensors one by one
until a sum of amplitude differences detected each time
is equal to the signal amplitude difference H, and
determining that a corresponding sensor, for which a
signal amplitude difference is detected, is a damaged
sensor.

20. The piezoelectric device online detection method
according to claim 18, wherein the determining that the
corresponding sensor, for which the signal amplitude dif-
ference is detected, is the damaged sensor comprises:

detecting a sensor q, if a second measured signal ampli-

tude A, shown in the second sampling result is less
than a signal amplitude threshold A,,,, detecting that
the sensor q is a damaged sensor, recording the signal
amplitude threshold A,,, and the second measured
signal amplitude A, , and calculating a signal ampli-
tude difference H,, between the signal amplitude
threshold A, and the second measured signal ampli-
tude A, , if H,, is equal to H, determining that the
damaged sensor in the group of parallel sensors is the
sensor ¢, and ending; otherwise,

if H,, is less than H, detecting a sensor p, if a second

measured signal amplitude A, shown in the second
sampling result is less than the signal amplitude thresh-
old A,,,, detecting that the sensor p is a damaged
sensor, recording the signal amplitude threshold A,
and the second measured signal amplitude A, ,, and
calculating a signal amplitude difference H,, between
the signal amplitude threshold A,, and the second
measured signal amplitude A, , if (H,,+H,,) is equal to
H, determining that damaged sensors in the group of
parallel sensors are the sensor q and the sensor p, and
ending; otherwise,
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if (H,,+H,,) is less than H, continuing to poll and detect
the sensors in the group of parallel sensors until a sum
of detected signal amplitude differences is equal to H,
and determining that a corresponding sensor, for which
a signal amplitude difference is detected, is a damaged
sensor;

wherein when the excitation signal is given, if each sensor
i in the parallel sensors works normally, then a second
measured signal amplitude A,, shown in the second
sampling result is the signal amplitude threshold A,,,,
whereiniis 1 to n, n is a quantity of sensors in the group
of parallel sensors, and p and q each is any one of the
n sensors.



