US 20200137484A1

a2y Patent Application Publication (o) Pub. No.: US 2020/0137484 A1l

a9y United States

HU et al.

43) Pub. Date: Apr. 30, 2020

(54) METHOD, DEVICE AND SYSTEM OF
LOCATING MICROPHONE

(71)  Applicants: HEFEI BOE VISION-ELECTRONIC
TECHNOLOGY CO., LTD., Hefei
(CN); BOE TECHNOLOGY GROUP
CO., LTD., Beijing (CN)

(72) Inventors: Qiangian HU, Beijing (CN);
Chendong XIE, Beijing (CN); Weihan
LI, Beijing (CN); Ya MENG, Beijing
(CN)

(21)  Appl. No.: 16/441,570

(22) Filed: Jun. 14, 2019
(30) Foreign Application Priority Data
Oct. 30, 2018  (CN) .cccvevvveecencennee 201811277380.8

Publication Classification

(51) Int. CL

HO4R 1/34 (2006.01)

HO4R 1/08 (2006.01)

HO4R 29/00 (2006.01)
(52) US.CL

CPC ... HO4R 1/342 (2013.01); HO4R 29/004

(2013.01); HO4R 1/08 (2013.01)

(57) ABSTRACT

A method of locating a microphone, a device of locating a
microphone and a system of locating a microphone. The
method includes: determining an initial position of the
microphone located in front of a light outgoing surface of a
display screen; determining a target position of the micro-
phone; determining a first displacement of the microphone
in a direction perpendicular to the light outgoing surface of
the display screen based on the target position and the initial
position; determining a second displacement of the micro-
phone in a direction parallel with the light outgoing surface
of the display screen based on the target position and the
initial position; and controlling the microphone to move to
the target position based on the first displacement and the
second displacement.
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METHOD, DEVICE AND SYSTEM OF
LOCATING MICROPHONE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Chinese
Patent Application No. 201811277380.8, filed on Oct. 30,
2018, the disclosure of which is incorporated herein by
reference in its entirety as part of the present application.

TECHNICAL FIELD

[0002] The embodiments of the present disclosure relate to
a method, a device and a system of locating a microphone.

BACKGROUND

[0003] Inan AQ (audio quality) test performed in TV/dis-
play industries, an acoustic test has received people’s atten-
tion. During the acoustic test, in addition to special require-
ments, a microphone is usually required to be aligned with
the central point of a screen with a distance of one meter.
The position of the microphone has an influence on the result
of the acoustic test, and accurately locating may eliminate
the influence of the position.

SUMMARY

[0004] At least one embodiment of the present disclosure
provides a method of locating a microphone, which
includes:

[0005] determining an initial position of the microphone
located in front of a light outgoing surface of a display
screen;

[0006] determining a target position of the microphone;
[0007] determining a first displacement of the microphone
in a direction perpendicular to the light outgoing surface of
the display screen based on the target position and the initial
position;

[0008] determining a second displacement of the micro-
phone in a direction parallel with the light outgoing surface
of the display screen based on the target position and the
initial position; and controlling the microphone to move to
the target position based on the first displacement and the
second displacement.

[0009] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the first displacement comprises a first move-
ment distance and a first movement direction, and the
determining the first displacement of the microphone in the
direction perpendicular to the light outgoing surface of the
display screen based on the target position and the initial
position comprises:

[0010] determining a first perpendicular distance from the
microphone to the light outgoing surface of the display
screen based on the initial position;

[0011] obtaining a second perpendicular distance from the
target position to the light outgoing surface of the display
screen; and

[0012] determining the first movement distance and the
first movement direction of the microphone based on the
first perpendicular distance and the second perpendicular
distance.

[0013] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the determining the first perpendicular distance
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from the microphone to the light outgoing surface of the
display screen based on the initial position comprises:
[0014] emitting a detection signal to the light outgoing
surface of the display screen from the initial position, and
recording a first time point when the detection signal is
emitted;

[0015] obtaining a second time point when the detection
signal reflected by the light outgoing surface of the display
screen is received at the initial position; and

[0016] determining the first perpendicular distance based
on the first time point, the second time point and a propa-
gation velocity of the detection signal.

[0017] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the detection signal comprises at least one
selected from a group consisting of an electromagnetic wave
signal and an acoustic wave signal.

[0018] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the emitting the detection signal to the light
outgoing surface of the display screen from the initial
position and recording the first time point when the detection
signal is emitted comprises:

[0019] emitting an acoustic wave signal to the light
outgoing surface of the display screen by using an
ultrasonic wave module at the initial position, and
recording the first time point when the acoustic wave
signal is emitted, and

[0020] the obtaining the second time point when the
detection signal reflected by the light outgoing surface of the
display screen is received at the initial position comprises:

[0021] obtaining the second time point when the acous-
tic wave signal reflected by the light outgoing surface
of the display screen is received by the ultrasonic wave
module.

[0022] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the second displacement comprises a second
movement distance and a second movement direction, and
[0023] the determining the second displacement of the
microphone in the direction parallel with the light outgoing
surface of the display screen based on the target position and
the initial position comprises:

[0024] obtaining a first plane coordinate of a perpen-
dicular projection point of the microphone at the initial
position on a plane parallel with the light outgoing
surface of the display screen;

[0025] obtaining a second plane coordinate of a perpen-
dicular projection point of the microphone at the target
position on the plane parallel with the light outgoing
surface of the display screen; and

[0026] determining the second movement distance and
the second movement direction of the microphone
based on the first plane coordinate and the second plane
coordinate.

[0027] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the plane parallel with the light outgoing surface
of the display screen comprises a plane where the light
outgoing surface of the display screen is located.

[0028] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the obtaining the first plane coordinate of the
perpendicular projection point of the microphone at the
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initial position on the plane parallel with the light outgoing
surface of the display screen comprises:

[0029] determining distances from the initial position to
at least two adjacent edges of the light outgoing surface
of the display screen; and

[0030] determining the first plane coordinate of the
perpendicular projection point of the microphone at the
initial position on the plane parallel with the light
outgoing surface of the display screen based on the
distances from the initial position to the at least two
adjacent edges of the light outgoing surface of the
display screen.

[0031] For example, in the method of locating the micro-
phone according to at least one embodiment of the present
disclosure, the microphone is configured to be provided with
an ultrasonic wave module, and the microphone is config-
ured to be on a rotation device,

[0032] the determining the distances from the initial posi-
tion to the at least two adjacent edges of the light outgoing
surface of the display screen comprises:

[0033] rotating the microphone in a plurality of direc-
tions from a plane where the initial position is located
by using the rotation device, and recording a rotation
angle;

[0034] determining a rotation critical point correspond-
ing to each of the plurality of directions based on the
ultrasonic wave module, wherein the rotation critical
point is a boundary point of the light outgoing surface
of the display screen to which the ultrasonic wave
module emits is capable of emitting an acoustic wave
signal; and

[0035] calculating the distance from the rotation critical
point to the initial position, and

[0036] the determining the first plane coordinate of the
perpendicular projection point of the microphone at the
initial position on the plane parallel with the light outgoing
surface of the display screen based on the distances from the
initial position to the at least two adjacent edges of the light
outgoing surface of the display screen comprises:

[0037] obtaining a length and a width of the light
outgoing surface of the display screen according to a
set algorithm, based on the distance from the rotation
critical point to the initial position and the rotation
angle; and

[0038] obtaining the first plane coordinate of the per-
pendicular projection point of the microphone at the
initial position on a plane where the light outgoing
surface of the display screen is located, based on the
length and the width of the light outgoing surface of the
display screen.

[0039] At least one embodiment of the present disclosure
further provides a device of locating a microphone, which
includes:

[0040] an initial position determining module, configured
for determining an initial position of the microphone located
in front of a light outgoing surface of a display screen;
[0041] a target position setting module, configured for
determining a target position of the microphone;

[0042] a first displacement determining module, config-
ured for determining a first displacement of the microphone
in a direction perpendicular to the light outgoing surface of
the display screen based on the target position and the initial
position;
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[0043] a second displacement determining module, con-
figured for determining a second displacement of the micro-
phone in a direction parallel with the light outgoing surface
of the display screen based on the target position and the
initial position; and

[0044] a target position moving module, configured for
controlling the microphone to move to the target position
based on the first displacement and second displacement.
[0045] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the first displacement comprises a first move-
ment distance and a first movement direction, and

[0046] the first displacement determining module com-
prises:
[0047] a perpendicular distance determining submod-

ule, configured for determining a first perpendicular
distance from the microphone to the light outgoing
surface of the display screen based on the initial
position;

[0048] a perpendicular distance obtaining submodule,
configured for obtaining a second perpendicular dis-
tance from the target position to the light outgoing
surface of the display screen; and

[0049] a movement distance and direction determining
submodule, configured for determining the first move-
ment distance and the first movement direction of the
microphone based on the first perpendicular distance
and the second perpendicular distance.

[0050] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the perpendicular distance determining submod-
ule comprises:

[0051] a first time point recording submodule, config-
ured for recording a first time point when the detection
signal is emitted to the light outgoing surface of the
display device from the initial position;

[0052] a second time point obtaining submodule, con-
figured for obtaining a second time point when the
detection signal reflected by the light outgoing surface
of the display screen is received at the initial position;
and

[0053] a first perpendicular distance determining sub-
module, configured for determining the first perpen-
dicular distance based on the first time point, the second
time point and a propagation velocity of the acoustic
wave signal.

[0054] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the detection signal comprises at least one
selected from a group consisting of an electromagnetic wave
signal and an acoustic wave signal.

[0055] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the second displacement comprises a second
movement distance and a second movement direction, and

[0056] the second displacement determining module com-
prises:
[0057] a first plane coordinate obtaining submodule,

configured for obtaining a first plane coordinate of a
perpendicular projection point of the microphone at the
initial position on a plane parallel with the light out-
going surface of the display screen;

[0058] a second plane coordinate obtaining submodule,
configured for obtaining a second plane coordinate of a
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point of the microphone at the target position on the
plane parallel with the light outgoing surface of the
display screen;

[0059] asecond movement distance and direction deter-
mining submodule, configured for determining the sec-
ond movement distance and the second movement
direction of the microphone based on the first plane
coordinate and the second plane coordinate.

[0060] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the plane parallel with the light outgoing surface
of the display screen comprises a plane where the light
outgoing surface of the display screen is located.

[0061] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the first plane coordinate obtaining submodule is
configured to:

[0062] determine distances from the initial position to at
least two adjacent edges of the light outgoing surface of the
display screen; and

[0063] determine the first plane coordinate of the perpen-
dicular projection point of the microphone at the initial
position on the plane parallel with the light outgoing surface
of the display screen based on the distances from the initial
position to at least two adjacent edges of the light outgoing
surface of the display screen.

[0064] For example, in the device of locating the micro-
phone according to at least one embodiment of the present
disclosure, the microphone is configured to be provided
thereon with an ultrasonic wave module, and the micro-
phone is configured to be arranged on a rotation device,

[0065] the first plane coordinate obtaining submodule
comprises:

[0066] a rotation angle recording submodule, config-
ured for rotating the microphone in a plurality of
directions from a plane where the initial position is
located by using the rotation device, and recording a
rotation angle;

[0067] a rotation critical point determining submodule,
configured for determining a rotation critical point
corresponding to each of the plurality of directions
based on the ultrasonic wave module, wherein the
rotation critical point is a boundary point of the light
outgoing surface of the display screen to which the
ultrasonic wave module is capable of emitting an
acoustic wave signal;

[0068] a distance calculating submodule, configured for
calculating the distance from the rotation critical point
to the initial position;

[0069] a length and width obtaining submodule, con-
figured for obtaining a length and a width of the light
outgoing surface of the display screen according to a
set algorithm, based on the distance from the rotation
critical point to the initial position and the rotation
angle; and

[0070] a first plane coordinate obtaining submodule,
configured for obtaining a first plane coordinate of a
perpendicular projection point of the microphone at the
initial position on a plane where the light outgoing
surface of the display screen is located, based on the
length and the width of the light outgoing surface of the
display screen.
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[0071] At least one embodiment of the present disclosure
further provides a device of locating a microphone, which
includes:

[0072] a processor; and

[0073] a storage, storing a computer program instruction
which, when executed, causes the processor to execute
following operations:

[0074] determining an initial position of the micro-
phone located in front of a light outgoing surface of a
display screen;

[0075] determining a target position of the microphone;

[0076] determining a first displacement of the micro-
phone in a direction perpendicular to the light outgoing
surface of the display screen based on the target posi-
tion and the initial position;

[0077] determining a second displacement of the micro-
phone in a direction parallel with the light outgoing
surface of the display screen based on the target posi-
tion and the initial position; and

[0078] controlling the microphone to move to the target
position based on the first displacement and the second
displacement.

[0079] At least one embodiment of the present disclosure
further provides a system of locating a microphone, which
includes a device of locating a microphone as mentioned
above and a detecting device, wherein the detecting device
is configured to form a signal connection with the device of
locating a microphone and emit the detection signal.
[0080] At least one embodiment of the present disclosure
further provides a system of locating a microphone, which
includes a device of locating a microphone as mentioned
above and a detecting device, wherein the detecting device
is configured to form a signal connection with the device of
locating a microphone and emit the detection signal to
determine the first displacement and the second displace-
ment.

[0081] At least one embodiment of the present disclosure
further provides a non-violate storage medium storing com-
puter program instructions which, when executed by a
processor, cause the processor to perform any of the method
of detecting the microphone as mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, the drawings
of the embodiments will be briefly described in the follow-
ing; it is obvious that the described drawings are only related
to some embodiments of the present disclosure and thus are
not limitative of the present disclosure.

[0083] FIG. 1 is a flow chart of a method of locating a
microphone according to at least one embodiment of the
present disclosure;

[0084] FIG. 2 is a flow chart of a method of locating a
microphone according to at least one embodiment of the
present disclosure;

[0085] FIG. 3 is a schematic structural diagram of a device
of locating a microphone according to at least one embodi-
ment of the present disclosure;

[0086] FIG. 4 is a schematic structural diagram of a
computer system adapted to implement the method or the
device of locating a microphone according to the embodi-
ments of the present disclosure; and
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[0087] FIG. 5 is a schematic structural diagram of a
system of locating a microphone according to at least one
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0088] In order to make the above-mentioned objects, the
technical features and the advantages of the present disclo-
sure more apparent, the present disclosure will be described
in detail hereinafter in conjunction with the drawings and
embodiments.

[0089] Currently, the acoustic test is usually performed
manually. The manual acoustic test may have a relatively
large measurement error, waste manpower resources and
increase manpower resource costs.

[0090] At least one embodiment of the present disclosure
provides a method and a device of locating a microphone
and a system of locating a microphone, which may improve
the accuracy of the acoustic test result, reduce measurement
errors and lower the manpower resource costs.

[0091] FIG. 1 is a flow chart of a method of locating a
microphone according to at least one embodiment of the
present disclosure. The method includes the following steps.
[0092] Step 101: determining an initial position of the
microphone in front of a light outgoing surface of a display
screen.

[0093] The embodiments of the present disclosure may be
applied to a scenario of locating the microphone before an
AQ test performed on an electronic device such as a TV, a
display or the like.

[0094] During the AQ test on the electronic device such as
a TV, a display or the like, the microphone may be arranged
in front of the light outgoing surface of the display screen of
the electronic device such as the TV, display or the like
firstly, and the microphone may pointed to any position of
the light outgoing surface of the display screen, and the
embodiments of the present disclosure are not limited
thereto.

[0095] After the microphone is arranged in front of the
light outgoing surface of the display screen, the current
location of the microphone, i.e., an initial position, may be
obtained according to a certain rule. For example, a lower
left corner of the light outgoing surface of the display screen
may be taken as an origin of coordinates, a height of the
display screen is used as a y axis, and a width of the display
screen is used as an X axis, thereby calculating a perpen-
dicular distance from the microphone to the light outgoing
surface of the display screen, and calculating the coordinates
of the position of the microphone, so as to determine the
initial position of the microphone.

[0096] Certainly, in specific implementations, persons
skilled in the art may adopt other methods to obtain the
initial position of the microphone, and the embodiments of
the present disclosure are not limited thereto.

[0097] Step 102: determining a target position of the
microphone.
[0098] The target position may be the position where the

microphone is located during the AQ test, i.e., a standard
position for the AQ test.

[0099] It should be understood that the target position of
the microphone may be set by a research personnel based on
actual conditions, and the embodiments of the present dis-
closure have no limitation on the target position, for
example, a distance to the light outgoing surface of the
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display screen. For example, in some embodiments, step 102
may include: setting the target position of the microphone.
[0100] Step 103: determining a first displacement of the
microphone in a direction perpendicular to the light outgo-
ing surface of the display screen based on the target position
and the initial position.

[0101] In the embodiments of the present disclosure, the
first displacement refers to the required displacement of the
microphone in one or more directions perpendicular to the
light outgoing surface of the display screen, for example, to
move by 4 cm close to the light outgoing surface of the
display screen, or to move by 7 cm away from the light
outgoing surface of the display screen, or the like.

[0102] After the target position and the initial position of
the microphone are obtained, the first displacement of the
microphone in the direction perpendicular to the light out-
going surface may be calculated based on the target position
and the initial position, and the process of calculating the
first displacement will be described in detail in the following
embodiments, and is not repeated here in the embodiment of
the present disclosure.

[0103] Step 104: determining a second displacement of the
microphone in a direction parallel with the light outgoing
surface of the display screen based on the target position and
the initial position.

[0104] In the embodiments of the present disclosure, the
second displacement refers to the required moving distance
and the direction of the microphone in one or more direc-
tions parallel with the light outgoing surface of the display
screen, for example, to move by 5 cm leftwards, or to move
by 6 cm rightwards, or the like, and the embodiments of the
present disclosure are not limited thereto.

[0105] After the target position and the initial position of
the microphone are obtained, the second displacement of the
microphone in the direction parallel with the light outgoing
surface may be calculated based on coordinates of the target
position and the initial position, and the process of calcu-
lating the second displacement will be described in detail in
the following second embodiment, and is not repeated here
in the embodiment of the present disclosure.

[0106] After the first and second displacements are deter-
mined, step 105 is performed.

[0107] Step 105: controlling the microphone to move to
the target position, based on the first and second displace-
ments.

[0108] After the first and second displacements are
obtained, the microphone may be controlled to move
according to the first and second displacements, thereby
moving the microphone to the target position and achieving
locating the microphone. For example, the first displacement
is to move by 5 cm towards the light outgoing surface of the
display screen, and the second displacement is to move by
3 cm leftwards in a plane parallel with the light outgoing
surface of the display screen, or the like, thereby controlling
the microphone to move by prescribed distances in different
directions successively based on the first and second dis-
placements to achieve locating the microphone.

[0109] In the embodiments of the present disclosure, a
position setting module, a support and a MCU (Micro
Control Unit) module may also be provided in advance. An
motor may be arranged in the support in advance, the
support has a function of scaling up and down and moving
left and right, and the motor may provide kinetic energy for
the up-down scaling and left-right moving of the support.
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The position setting module may set the target position of
the microphone, and the MCU module may calculate the
distance, perform data analysis and control the operation of
the motor in the support to control the support to move up
and down as well as left and right, so as to locate the
microphone.

[0110] Certainly, in specific implementations, persons
skilled in the art may adopt other methods to locate the
microphone, and the embodiments of the present disclosure
are not limited thereto.

[0111] In the method of locating a microphone according
to the embodiments of the present disclosure, by determin-
ing the initial position of the microphone in front of the light
outgoing surface of the display screen, determining the
target position of the microphone, determining the first
displacement of the microphone in the direction perpendicu-
lar to the light outgoing surface of the display screen based
on the target position and the initial position, determining
the second displacement of the microphone in the direction
parallel with the light outgoing surface of the display screen
based on the target position and the initial position, and
controlling the microphone to move to the target position
based on the first and second displacements, the accuracy of
the acoustic test result may be improved, the measurement
errors may be reduced and manpower resource costs may be
lowered.

[0112] FIG. 2 is a flow chart of a method of locating a
microphone according to at least one embodiment of the
present disclosure. The method includes the following steps.
[0113] Step 201: determining an initial position of the
microphone located in front of a light outgoing surface of a
display screen.

[0114] The embodiments of the present disclosure may be
applied to a scenario of locating the microphone before an
AQ test performed on an electronic device such as a TV, a
display or the like.

[0115] During the AQ test on the electronic device such as
a TV, a display or the like, the microphone may be arranged
in front of the light outgoing surface of the display screen of
the electronic device such as the TV, display or the like
firstly, and the microphone may face any position of the light
outgoing surface of the display screen, and the embodiments
of the present disclosure have no limitation in this aspect.

[0116] After the microphone is arranged in front of the
light outgoing surface of the display screen, the current
location of the microphone, i.e., an initial position, may be
obtained according to a certain rule. For example, a lower
left corner of the light outgoing surface of the display screen
may be taken as an origin of coordinates, a height of the
display screen is used a y axis, and a width of the display
screen is used an X axis, thereby calculating a perpendicular
distance from the microphone to the light outgoing surface
of the display screen, and calculating the coordinates of the
position of the microphone, so as to determine the initial
position of the microphone.

[0117] Certainly, in specific implementations, persons
skilled in the art may adopt other methods to obtain the
initial position of the microphone, and the embodiments of
the present disclosure have no limitation in this aspect.

[0118] Step 202: determining a target position of the
microphone.
[0119] The target position may be the position where the

microphone is located during the AQ test, i.e., a standard
position for the AQ test.
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[0120] It should be understood that the target position of
the microphone is set by a research personnel based on
actual conditions, and the embodiments of the present dis-
closure have no limitation on the target position of the
microphone, for example, a distance to the light outgoing
surface of the display screen. For example, in some embodi-
ments, the step 202 may include: setting the target position
of the microphone.

[0121] Step 203: determining a first perpendicular dis-
tance from the microphone to the light outgoing surface of
the display screen based on the initial position.

[0122] In the embodiments of the present disclosure, the
first perpendicular distance refers to a length of a connection
line segment between the microphone and the light outgoing
surface of the display screen perpendicular to the light
outgoing surface of the display screen. For example, a
detection signal may be emitted to the light outgoing surface
of the display screen, and the first perpendicular distance
may be obtained by transmitting and receiving the detection
signal. In some embodiments, an acoustic wave signal may
be emitted to the light outgoing surface of the display screen
by an ultrasonic wave module, and the first perpendicular
distance is obtained by transmitting and receiving the acous-
tic wave signal, which will be described in detail in the
following embodiments.

[0123] In an exemplary embodiment of the embodiments
of the present disclosure, the microphone is provided
thereon with the ultrasonic wave module, and the above-
mentioned step 203 may include the following substeps.

[0124] Substep S1: emitting an acoustic wave signal to the
light outgoing surface of the display screen using the ultra-
sonic wave module, and recording a first time point when the
acoustic wave signal is emitted.

[0125] In some embodiments of the present disclosure,
when the first perpendicular distance is calculated, the
acoustic wave signal may be emitted to the light outgoing
surface of the display screen by the ultrasonic wave module
arranged on the microphone, and the first time point when
the ultrasonic wave module emits the acoustic wave signal
is recorded, and then the substep S2 is performed.

[0126] Substep S2: obtaining a second time point when the
acoustic wave signal reflected by the light outgoing surface
of the display screen is received by the ultrasonic wave
module. In some embodiments, the acoustic wave signal
may be emitted and received by different ultrasonic wave
modules, and the embodiments of the present disclosure
have no limitation in this aspect.

[0127] After the light outgoing surface of the display
screen receives the acoustic wave signal, the light outgoing
surface may reflect this acoustic wave signal to the micro-
phone based on the reflection characteristics of the acoustic
wave. In the system, the microphone receives the reflected
acoustic wave signal, which may be monitored in real time,
and the corresponding second time point may be recorded,
and then substep S3 is performed.

[0128] Substep S3: determining the first perpendicular
distance based on the first time point, the second time point
and a propagation velocity of the acoustic wave signal.
[0129] Upon obtaining the first time point when the ultra-
sonic wave module arranged in the microphone emits the
acoustic wave signal and the second time point correspond-
ing to the reception of the acoustic wave signal reflected by
the light outgoing surface of the display screen, the first
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perpendicular distance is calculated based on the propaga-
tion velocity of the acoustic wave signal.

For example, S=340%¢/2 @.

[0130] In the above-mentioned formula (1), S represents
the first perpendicular distance from the microphone to the
light outgoing surface of the display screen, t represents the
time from the emission of the acoustic wave signal to the
reception of the reflected acoustic wave signal, that is a
difference value between the second time point and the first
time point, and 340 represents the propagation velocity of
the acoustic wave signal in the air.

[0131] The first perpendicular distance may be calculated
based on the first time point, the second time point and the
propagation velocity of the acoustic wave signal.

[0132] However, it should be understood that the above-
mentioned acoustic wave signal is only an example of the
detection signal. In other embodiments, the first perpendicu-
lar distance may also be determined by an electromagnetic
wave signal or a combination of the electromagnetic wave
signal and the acoustic wave signal, and the embodiments of
the present disclosure have no limitation in this aspect.
[0133] Certainly, in specific implementations, persons
skilled in the art may also adopt other methods to obtain the
first perpendicular distance. For example, after the initial
position of the microphone is obtained, a coordinate of a
point corresponding to an orthographic projection of the
microphone at the initial position on the light outgoing
surface of the display screen (that is, the connection line
between the position point of the microphone and the
projection point is perpendicular to the light outgoing sur-
face of the display screen) is obtained based on the coordi-
nate of the initial position. The first perpendicular distance
from the microphone to the light outgoing surface of the
display screen may be calculated based on the coordinates of
the initial position and the projection point, for example. The
coordinate of the initial position of the microphone is (0, O,
0), and the coordinate of the projection point is (0, 0, 5) in
centimeters, and the first perpendicular distance may be
calculated as 5 cm.

[0134] It should be understood that the above-mentioned
example is merely provided in order to better understand the
technical solution of the embodiments of the present disclo-
sure, and is not only limitation to the embodiments of the
present disclosure.

[0135] In practical applications, persons skilled in the art
may select the method of obtaining the first perpendicular
distance as required, and the embodiments of the present
disclosure have no limitation in this aspect.

[0136] Step 204: obtaining a second perpendicular dis-
tance from the target position to the light outgoing surface
of the display screen.

[0137] After the target position is set, a coordinate of a
point corresponding to an orthographic projection on the
light outgoing surface of the display screen at the target
position (that is, the connection line between the target
position and a projection point is perpendicular to the light
outgoing surface of the display screen) may be obtained
based on a coordinate of the target position. The second
perpendicular distance from the target position to the light
outgoing surface of the display screen may be calculated
based on the coordinates of the target position and the
projection point, for example, the coordinate of the target
position is (0, 0, 0) in centimeters, and the coordinate of the
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projection point is (0, 0, 8) in centimeters, and the second
perpendicular distance may be calculated as 8 cm.

[0138] It should be understood that the above-mentioned
example is merely provided in order to better understand the
technical solution of the embodiments of the present disclo-
sure, and is not limitative of the embodiments of the present
disclosure.

[0139] In practical applications, persons skilled in the art
may obtain the second perpendicular distance by other
methods, and the embodiments of the present disclosure are
not limited thereto. For example, in some embodiments, the
second perpendicular distance from the target position to the
light outgoing surface of the display screen may also be
obtained by a method similar to the above-mentioned
method of determining the first perpendicular distance.
[0140] Step 205: determining a first movement distance
and a first movement direction of the microphone, based on
the first and second perpendicular distances.

[0141] After the first and second perpendicular distances
are obtained, the first movement distance and the first
movement direction (i.e., the first displacement) of the
microphone may be determined. For example, if the first
perpendicular distance is 5 cm, and the second perpendicular
distance is 8 cm, the first movement distance may be
determined to be 3 cm, and the first movement direction is
away from the light outgoing surface of the display screen.
[0142] It should be understood that the above-mentioned
example is merely provided in order to better understand the
technical solution of the embodiments of the present disclo-
sure, and is not limitative of the embodiments of the present
disclosure.

[0143] Step 206: obtaining a first plane coordinate of a
perpendicular projection point of the microphone at the
initial position on a plane parallel with the light outgoing
surface of the display screen.

[0144] The first plane coordinate refers to the plane coor-
dinate of the perpendicular projection point of the micro-
phone at the initial position on a plane parallel with the light
outgoing surface of the display screen. The plane parallel
with the light outgoing surface of the display screen, for
example, may be the plane where the light outgoing surface
of the display screen is located.

[0145] Firstly, the perpendicular projection point of the
microphone at the initial position on the plane where the
light outgoing surface of the display screen is located may
be obtained. Further, a vertex at the lower left corner of the
light outgoing surface of the display screen may be taken as
an origin of plane coordinates, and a plane coordinate
corresponding to each vertex of the light outgoing surface is
obtained based on a length and width of the light outgoing
surface of the display screen, thereby calculating the plane
coordinate of the perpendicular projection point of the
microphone at the initial position on the plane where the
light outgoing surface of the display screen is located, i.e.,
the first plane coordinate.

[0146] The specific implementation of obtaining the first
plane coordinate will be described in detail in the following
embodiments.

[0147] In some embodiments, the step 206 may include:
[0148] determining a distance from the initial position to
at least two adjacent edges of the light outgoing surface of
the display screen; and

[0149] determining the first plane coordinate of the per-
pendicular projection point of the microphone at the initial
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position on the plane parallel with the light outgoing surface
of the display screen based on the distance from the initial
position to at least two adjacent edges of the light outgoing
surface of the display screen.

[0150] For example, in the case where the light outgoing
surface of the display screen is rectangular, and the vertex at
the lower left corner of the light outgoing surface of the
display screen is taken as the origin of plane coordinates, the
distances from the initial position to the left and right edges
of the light outgoing surface of the display screen may be
determined respectively, and may be taken as an abscissa
and an ordinate of the perpendicular projection point of the
microphone at the initial position on the plane parallel with
the light outgoing surface of the display screen respectively,
wherein the abscissa and the ordinate form the first plane
coordinate.

[0151] In an exemplary embodiment of the embodiments
of'the present disclosure, the above-mentioned step 206 may
include the following substeps.

[0152] Substep Al: rotating the microphone in various
directions from the plane where the initial position is located
using the rotation device, and recording the rotation angles.

[0153] In the embodiments of the present disclosure, the
rotation device may be arranged in advance and fixed on the
support, and the microphone is arranged on the rotation
device.

[0154] The rotation device may rotate and record the
rotation angle. During the process of determining a bound-
ary of the light outgoing surface of the display screen, the
rotation device may be controlled to rotate, and the rotation
angle may be recorded.

[0155] Substep A2: determining a rotation critical point
corresponding to each direction based on the ultrasonic
wave module.

[0156] In the embodiments of the present disclosure, the
rotation critical point refers to a boundary point of the light
outgoing surface of the display screen to which the ultra-
sonic wave module is capable of emitting the acoustic wave
signal.

[0157] Since the acoustic wave signal emitted by the
ultrasonic wave module travels straightly, during the process
of controlling the rotation device, the ultrasonic wave mod-
ule may be controlled to emit the acoustic wave signal to the
light outgoing surface of the display screen. In the case
where there is a wall surface of other obstacles behind the
display screen and the ultrasonic wave module rotates at a
constant speed up and down as well as left and right to emit
the acoustic wave signal, if the acoustic wave signal
reflected by the light outgoing surface of the display screen
is still received, the distance must meet a certain regular
curvilinear path, and if the acoustic wave signal reflected by
the wall or other obstacles behind the display screen is
received, the distance does not meet the regular curvilinear
path, and it is determined that the boundary point is reached.

[0158] In specific implementations, the rotation device
may be controlled to move in four corresponding directions,
i.e., up, down, left and right, of the light outgoing surface of
the display screen, and to determine the rotation critical
point in each direction in combination with the ultrasonic
wave module, and then the substep A3 is performed.
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[0159] Substep A3: calculating the distance from the rota-
tion critical point to the initial position.

[0160] In the embodiments of the present disclosure, the
following description will be made with respect to four
directions of the light outgoing surface of the display screen,
i.e., up, down, left and right.

[0161] (1) When the rotation device is controlled to rotate
to the left side of the light outgoing surface of the display
screen, in the case where it is judged through the ultrasonic
wave module that the distance is just out of the range, the
rotation angle of the rotation device at this point is recorded,
and a real-time distance measured when the ultrasonic wave
module rotates leftwards, i.e., the distance from the initial
position to the leftmost end of the light outgoing surface of
the display screen, thereby calculating the horizontal dis-
tance from the initial position of the microphone to a
leftmost end of the light outgoing surface of the display
screen according to the following formula (1).

L;=S*sin a (€8]

[0162] In the above-mentioned formula, L., represents the
horizontal distance from the initial position to the lefimost
end of the light outgoing surface of the display screen, S,
represents the real-time distance measured when the ultra-
sonic wave module rotates leftwards, and o represents the
rotation angle by which the rotation device rotates leftwards.
[0163] According to the above-mentioned formula (1), the
horizontal distance from the initial position of the micro-
phone to the leftmost end of the light outgoing surface of the
display screen may be calculated.

[0164] (2) When the rotation device is controlled to rotate
to the right side of the light outgoing surface of the display
screen, in the case where it is judged through the ultrasonic
wave module that the distance is just out of the range, the
rotation angle of the rotation device at this point is recorded,
and a real-time distance measured when the ultrasonic wave
module rotates rightwards, i.e., the distance from the initial
position to the rightmost end of the light outgoing surface of
the display screen, thereby calculating the horizontal dis-
tance from the initial position of the microphone to a
rightmost end of the light outgoing surface of the display
screen according to the following formula (2).

L,=S*sin B 2)

[0165] In the above-mentioned formula, L, represents the
horizontal distance from the initial position to the rightmost
end of the light outgoing surface of the display screen, S,
represents the real-time distance measured when the ultra-
sonic wave module rotates rightwards, and [} represents the
rotation angle by which the rotation device rotates right-
wards.

[0166] According to the above-mentioned formula (2), the
horizontal distance from the initial position of the micro-
phone to the rightmost end of the light outgoing surface of
the display screen may be calculated.

[0167] (3) When the rotation device is controlled to rotate
to the upper side of the light outgoing surface of the display
screen, in the case where it is judged through the ultrasonic
wave module that the distance is just out of the range, the
rotation angle of the rotation device at this point is recorded,
and a real-time distance measured when the ultrasonic wave
module rotates upwards, i.e., the distance from the initial
position of the microphone to the uppermost end of the light
outgoing surface of the display screen, thereby calculating
the horizontal distance from the initial position of the
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microphone to the uppermost end of the light outgoing
surface of the display screen according to the following
formula (3).

L3=S;%sin y 3)

[0168] In the above-mentioned formula, [.; represents the
horizontal distance from the initial position to the uppermost
end of the light outgoing surface of the display screen, S,
represents the real-time distance measured when the ultra-
sonic wave module rotates upwards, and y represents the
rotation angle by which the rotation device rotates upwards.
[0169] According to the above-mentioned formula (3), the
horizontal distance from the initial position of the micro-
phone to the uppermost end of the light outgoing surface of
the display screen may be calculated.

[0170] (4) When the rotation device is controlled to rotate
to the lower side of the light outgoing surface of the display
screen, in the case where it is judged through the ultrasonic
wave module that the distance is just out of the range, the
rotation angle of the rotation device at this point is recorded,
and a real-time distance measured when the ultrasonic wave
module rotates downwards, i.e., the distance from the initial
position of the microphone to the lowermost end of the light
outgoing surface of the display screen, thereby calculating
the horizontal distance from the initial position of the
microphone to the lowermost end of the light outgoing
surface of the display screen according to the following
formula (4).

Ly=4*sin 0 @

[0171] In the above-mentioned formula, L, represents the
horizontal distance from the initial position to the lowermost
end of the light outgoing surface of the display screen, S,
represents the real-time distance measured when the ultra-
sonic wave module rotates downwards, and 0 represents the
rotation angle by which the rotation device rotates down-
wards.

[0172] According to the above-mentioned formula (4), the
horizontal distance from the initial position of the micro-
phone to the lowermost end of the light outgoing surface of
the display screen may be calculated.

[0173] In combination with the above-mentioned four
solutions, the rotation critical point in each direction of the
rotation device may be determined, and then the following
substep A4 is performed.

[0174] Substep Ad: obtaining the length and width of the
light outgoing surface of the display screen according to a
set algorithm, based on each of the distances and each of the
rotation angles.

[0175] After the rotation angle of the rotation device in
each direction and the distance from each rotation critical
point to the initial position are obtained, based on each
distance and each rotating angle, the length and width of the
light outgoing surface of the display screen are calculated
according to the set algorithm. That is, after the distance
from the boundary of the light outgoing surface of the
display screen in each direction to the initial position is
calculated based on the formulas (1), (2), (3) and (4) in the
above-mentioned substep A3, the horizontal distances are
added to obtain the width/length of the light outgoing
surface of the display screen, and the vertical distances are
added to obtain the length/width of the light outgoing
surface of the display screen.

[0176] Substep A5: determining a first plane coordinate of
a perpendicular projection point of the microphone at the

Apr. 30, 2020

initial position on a plane where the light outgoing surface
of the display screen is located, based on the length and
width of the light outgoing surface of the display screen.
[0177] After the length and width of the light outgoing
surface of the display screen are obtained, a certain vertex of
the light outgoing surface of the display screen is taken as
the origin of coordinates, to establish a plane coordinate
system, and the first plane coordinate corresponding to the
initial position in the plane coordinate system is calculated
based on the distance from the initial position of the micro-
phone to the boundary in each direction.

[0178] It should be understood that the above-mentioned
example is merely provided in order to better understand the
technical solution of the embodiments of the present disclo-
sure, and is not limitative of the embodiments of the present
disclosure.

[0179] In practical applications, persons skilled in the art
may obtain the first plane coordinate using other methods,
and the embodiments of the present disclosure are not
limited thereto.

[0180] Step 207: obtaining a second plane coordinate of a
perpendicular projection point of the microphone at the
target position on a plane where the light outgoing surface
of the display screen is located.

[0181] The second plane coordinate refers to the plane
coordinate of a perpendicular projection point of the micro-
phone at the target position on the plane where the light
outgoing surface of the display screen is located.

[0182] Firstly, the perpendicular projection point of the
microphone at the target position on the plane where the
light outgoing surface of the display screen is located may
be obtained. Further, a vertex at the lower left corner of the
light outgoing surface of the display screen may be taken as
an origin of plane coordinates, and a plane coordinate
corresponding to each vertex of the light outgoing surface is
obtained based on a length and width of the light outgoing
surface of the display screen, thereby calculating the plane
coordinate of the perpendicular projection point of the
microphone at the target position on the plane where the
light outgoing surface of the display screen is located, i.e.,
the second plane coordinate.

[0183] In specific implementations, persons skilled in the
art may obtain the second plane coordinate using other
methods, and the embodiments of the present disclosure are
not limited thereto.

[0184] Step 208: determining a second movement distance
and a second movement direction of the microphone in the
plane where the initial position is located, based on the first
and second plane coordinates.

[0185] After the first and second plane coordinates are
obtained, the second movement direction and the second
movement distance of the microphone in the plane where the
initial position is located may be obtained based on the first
and second plane coordinates, wherein the plane where the
initial position is located is parallel with the light outgoing
surface of the display screen.

[0186] For example, if the first plane coordinate is (0, 3)
in centimeters, and the second plane coordinate is (0, 5) in
centimeters, the second movement distance may be calcu-
lated to be 2 cm, and the second movement direction is the
direction of y axis, or the like.

[0187] It should be understood that the above-mentioned
example is merely provided in order to better understand the
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technical solution of the embodiments of the present disclo-
sure, and is not limitative of the embodiments of the present
disclosure.

[0188] Step 209: controlling the microphone to move to
the target position based on the first and second displace-
ments.

[0189] In the embodiments of the present disclosure, the
first displacement may include the first movement distance
and the first movement direction, and the second displace-
ment may include the second movement distance and the
second movement direction. After the first movement dis-
tance and the first movement direction as well as the second
movement distance and the second movement direction are
obtained, the microphone may be controlled to move in the
first movement direction by the first movement distance, and
to move in the second movement direction by the second
movement distance, thereby achieving locating the micro-
phone.

[0190] Certainly, the microphone may also be controlled
to move in the second movement direction by the second
movement distance first, and then to move in the first
movement direction by the first movement distance, thereby
achieving locating the microphone.

[0191] It should be understood that the locating of the
microphone may be finished in any movement manner, and
the movement control is not limited in the embodiments of
the present disclosure.

[0192] In the method of locating a microphone according
to the embodiments of the present disclosure, by determin-
ing the initial position of the microphone in front of the light
outgoing surface of the display screen, setting the target
position of the microphone, determining the first displace-
ment of the microphone in the direction perpendicular to the
light outgoing surface of the display screen based on the
target position and the initial position, determining the
second displacement of the microphone in the direction
parallel with the light outgoing surface of the display screen
based on the target position and the initial position, and
controlling the microphone to move to the target position
based on the first and second displacements, the accuracy of
the acoustic test result may be improved, the measurement
errors may be reduced and manpower resource costs may be
lowered.

[0193] FIG. 3 is a schematic structural diagram of a device
of locating a microphone according to at least one embodi-
ment of the present disclosure. The device of locating a
microphone may include: an initial position determining
module 310 configured for determining an initial position of
the microphone located in front of a light outgoing surface
of a display screen; a target position setting module 320
configured for determining a target position of the micro-
phone; a first displacement determining module 330 config-
ured for determining a first displacement of the microphone
in a direction perpendicular to the light outgoing surface of
the display screen based on the target position and the initial
position; a second displacement determining module 340
configured for determining a second displacement of the
microphone in a direction parallel with the light outgoing
surface of the display screen based on the target position and
the initial position; and a target position moving module 350
configured for controlling the microphone to move to the
target position based on the first and second displacements.
[0194] Insome embodiments, the first displacement deter-
mining module 330 may include: a perpendicular distance
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determining submodule configured for determining a first
perpendicular distance from the microphone to the light
outgoing surface of the display screen based on the initial
position; a perpendicular distance obtaining submodule con-
figured for obtaining a second perpendicular distance from
the target position to the light outgoing surface of the display
screen; a movement distance and direction determining
submodule configured for determining the first movement
distance and the first movement direction of the microphone
based on the first and second perpendicular distances.
[0195] In some embodiments, the perpendicular distance
determining submodule may include: a first time point
recording submodule configured for recording a first time
point when the detection signal is emitted to the light
outgoing surface of the display device from the initial
position; a second time point obtaining submodule config-
ured for obtaining a second time point when the detection
signal reflected by the light outgoing surface of the display
screen is received at the initial position; a first perpendicular
distance determining submodule configured for determining
the first perpendicular distance based on the first time point,
the second time point and the propagation velocity of the
acoustic wave signal. For example, in some embodiments,
the first time point recording submodule may be configured
to use the ultrasonic wave module to emit the acoustic wave
signal to the light outgoing surface of the display screen, and
to record the first time point of emitting the acoustic wave
signal, and the second time point obtaining submodule may
be configured to obtain the second time point when the
ultrasonic wave module receives the acoustic wave signal
reflected by the light outgoing surface of the display screen,
and the embodiments of the present disclosure are not
limited thereto.

[0196] In some embodiments, for example, the perpen-
dicular distance determining submodule may be imple-
mented as an ultrasonic wave distance sensor. However, it
should be understood that it is not limited in the embodi-
ments of the present disclosure.

[0197] It should be understood that the above-mentioned
acoustic wave signal is only one example of the detection
signal. In other embodiments, the first perpendicular dis-
tance may also be determined by an electromagnetic wave
signal or a combination of the electromagnetic wave signal
and the acoustic wave signal, and the embodiments of the
present disclosure are not limited thereto.

[0198] In some embodiments, the second displacement
determining module 340 may include: a first plane coordi-
nate obtaining submodule configured for obtaining a first
plane coordinate of a perpendicular projection point of the
microphone at the initial position on a plane parallel with the
light outgoing surface of the display screen; a second plane
coordinate obtaining submodule configured for obtaining a
second plane coordinate of a perpendicular projection point
of the microphone at the target position on a plane parallel
with the light outgoing surface of the display screen; a
second movement distance and direction determining sub-
module configured for determining the second movement
distance and the second movement direction of the micro-
phone based on the first and second plane coordinates. For
example, the plane parallel with the light outgoing surface of
the display screen may include the plane where the light
outgoing surface of the display screen is located.

[0199] In some embodiments, the first plane coordinate
obtaining submodule is configured to: determine a distance
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from the initial position to at least two adjacent edges of the
light outgoing surface of the display screen; and determine
the first plane coordinate of the perpendicular projection
point of the microphone at the initial position on the plane
parallel with the light outgoing surface of the display screen
based on the distance from the initial position to at least two
adjacent edges of the light outgoing surface of the display
screen.

[0200] In some embodiments, the first plane coordinate
obtaining submodule may include: a rotation angle record-
ing submodule configured for rotating the microphone in
various directions from the plane where the initial position
is located by using the rotation device, and recording a
rotation angle; a rotation critical point determining submod-
ule configured for determining a rotation critical point
corresponding to each direction based on the ultrasonic
wave module, wherein the rotation critical point refers to a
boundary point of the light outgoing surface of the display
screen to which the ultrasonic wave module is capable of
emitting the acoustic wave signal; a distance calculating
submodule configured for calculating the distance from the
rotation critical point to the initial position; a length and
width obtaining submodule configured for obtaining the
length and width of the light outgoing surface of the display
screen according to a set algorithm, based on each of the
distances and each of the rotation angles; a first plane
coordinate obtaining submodule configured for obtaining a
first plane coordinate of a perpendicular projection point of
the microphone at the initial position on a plane where the
light outgoing surface of the display screen is located, based
on the length and width of the light outgoing surface of the
display screen.

[0201] Inthe device of locating a microphone according to
the embodiments of the present disclosure, by determining
the initial position of the microphone in front of the light
outgoing surface of the display screen, setting the target
position of the microphone, determining the first displace-
ment of the microphone in the direction perpendicular to the
light outgoing surface of the display screen based on the
target position and the initial position, determining the
second displacement of the microphone in the direction
parallel with the light outgoing surface of the display screen
based on the target position and the initial position, and
controlling the microphone to move to the target position
based on the first and second displacements, the accuracy of
the acoustic test result may be improved, the measurement
errors may be reduced and manpower resource costs may be
lowered.

[0202] FIG. 4 is a schematic structural diagram of a
computer system 400 adapted to implement a method of
locating a microphone or a device of locating a microphone
according to the embodiments of the present disclosure.

[0203] As shown in FIG. 4, the computer system 400
includes a central processing unit (CPU) 401, which may
execute various appropriate actions and processes in accor-
dance with a program stored in a read-only memory (ROM)
402 or a program loaded into a random access memory
(RAM) 403 from a storage portion 408. The RAM 403 also
stores various programs and data required by operations of
the system 400. The CPU 401, the ROM 402 and the RAM
403 are connected to each other through a bus 404. An
input/output (I/O) interface 405 is also connected to the bus
404.
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[0204] The following components are connected to the [/O
interface 405: an input portion 406 including a keyboard, a
mouse, etc.; an output portion 407 comprising a cathode ray
tube (CRT), a liquid crystal display device (LCD), a speaker,
etc.; a storage portion 608 including a hard disk and the like;
and a communication portion 409 comprising a network
interface card, such as a LAN card and a modem. The
communication portion 409 performs communication pro-
cesses via a network, such as the Internet. A driver 410 is
also connected to the I/O interface 405 as required. A driver
410 is also connected to the I/O interface 405 as required A
removable medium 411, such as a magnetic disk, an optical
disk, a magneto-optical disk, and a semiconductor memory,
may be installed on the driver 410, to facilitate the retrieval
of a computer program from the removable medium 411,
and the installation thereof on the storage portion 408 as
required.

[0205] In particular, according to an embodiment of the
present disclosure, the process described above with refer-
ence to FIGS. 1 and 2 may be implemented in a computer
software program. For example, an embodiment of the
present disclosure includes a computer program product,
which comprises a computer program that is tangibly
embedded in a machine-readable medium. The computer
program comprises program codes for executing the method
of FIGS. 1 and 2. In such an embodiment, the computer
program may be downloaded and installed from a network
via the communication portion 409, and/or may be installed
from the removable media 411.

[0206] The flowcharts and block diagrams in the drawings
illustrate architectures, functions and operations that may be
implemented according to the system, the method and the
computer program product of the various embodiments of
the present disclosure. In this regard, each block in the flow
charts and block diagrams may represent a module, a
program segment, or a code portion. The module, the
program segment, or the code portion comprises one or more
executable instructions for implementing the specified logi-
cal function. It should be noted that, in some alternative
implementations, the functions denoted by the blocks may
occur in a sequence different from the sequences shown in
the drawings. For example, in practice, two blocks in
succession may be executed, depending on the involved
functionalities, substantially in parallel, or in a reverse
sequence. It should also be noted that, each block in the
block diagrams and/or the flow charts and/or a combination
of the blocks may be implemented by a dedicated hardware-
based system executing specific functions or operations, or
by a combination of a dedicated hardware and computer
instructions.

[0207] The units or modules involved in the embodiments
of the present application may be implemented by way of
software or hardware. The described units or modules may
also be provided in a processor. For example, may be
described as a processor, including an initial position deter-
mining module, a target position setting module, a first
displacement determining module, a second displacement
determining module and a target position moving module.
The names of these units or modules are not considered as
a limitation to the units or modules.

[0208] At least one embodiment of the present application
further provides a computer storage medium. The computer
storage medium may be the computer storage medium
included in the apparatus in the above embodiments, or a
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stand-alone non-volatile computer storage medium which
has not been assembled into the apparatus. The computer
storage medium stores one or more programs. The one or
more programs, when executed by one or more devices,
cause the one or more devices to execute the method of
locating a microphone according to the present application.
[0209] At least one embodiment of the present disclosure
further provides a system of locating a microphone, includ-
ing any one of the above-mentioned devices of locating a
microphone and a detecting devices, wherein the detecting
device is configured to form a signal connection with the
device of locating a microphone and to emit the detection
signal to determine the first and second displacements. As
shown in FIG. 5, the system 500 of locating a microphone
according to at least one embodiment of the present disclo-
sure includes a device 510 of locating a microphone and a
detecting device 520, wherein the device 510 of locating a
microphone may be any one of the above-mentioned devices
of locating the microphone, and the detecting device 520 is
configured to form a signal connection with the device 510
of locating a microphone and to emit the detection signal to
determine the first and second displacements.
[0210] The embodiments of the present disclosure are
described in a progressive manner, and each embodiment
places emphasis on the difference from other embodiments.
Therefore, the same part or similar part of various embodi-
ments can mutually refer to each other.
[0211] Finally, it should also be noted that relationship
terms such as “first” and “second” herein are merely used to
distinguish one entity or operation from another entity or
operation, and do not necessarily require or imply that there
is an actual relationship or sequence between these entities
or operations. Furthermore, terms “include”, “comprise” or
any other variations thereof are intended to cover a non-
exclusive inclusion, so that a process, a method, an object or
a device including a series of elements not only include the
elements, but also include other elements not explicitly
listed, or also include inherent elements of the process, the
method, the object or the device. An element preceded by
“comprises . . . a” does not, without more constraints,
preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises the
element.
[0212] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative of
the scope of the disclosure; the scope of the disclosure are
defined by the accompanying claims.
What is claimed is:
1. A method of locating a microphone, comprising:
determining an initial position of the microphone located
in front of a light outgoing surface of a display screen;
determining a target position of the microphone;
determining a first displacement of the microphone in a
direction perpendicular to the light outgoing surface of
the display screen based on the target position and the
initial position;
determining a second displacement of the microphone in
a direction parallel with the light outgoing surface of
the display screen based on the target position and the
initial position; and
controlling the microphone to move to the target position
based on the first displacement and the second displace-
ment.
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2. The method according to claim 1, wherein

the first displacement comprises a first movement distance

and a first movement direction, and

the determining the first displacement of the microphone

in the direction perpendicular to the light outgoing

surface of the display screen based on the target posi-

tion and the initial position comprises:

determining a first perpendicular distance from the
microphone to the light outgoing surface of the
display screen based on the initial position;

obtaining a second perpendicular distance from the
target position to the light outgoing surface of the
display screen; and

determining the first movement distance and the first
movement direction of the microphone based on the
first perpendicular distance and the second perpen-
dicular distance.

3. The method according to claim 2, wherein the deter-
mining the first perpendicular distance from the microphone
to the light outgoing surface of the display screen based on
the initial position comprises:

emitting a detection signal to the light outgoing surface of

the display screen from the initial position, and record-
ing a first time point when the detection signal is
emitted;
obtaining a second time point when the detection signal
reflected by the light outgoing surface of the display
screen is received at the initial position; and

determining the first perpendicular distance based on the
first time point, the second time point and a propagation
velocity of the detection signal.

4. The method according to claim 3, wherein the detection
signal comprises at least one selected from a group consist-
ing of an electromagnetic wave signal and an acoustic wave
signal.

5. The method according to claim 4, wherein

the emitting the detection signal to the light outgoing

surface of the display screen from the initial position

and recording the first time point when the detection

signal is emitted comprises:

emitting an acoustic wave signal to the light outgoing
surface of the display screen by using an ultrasonic
wave module at the initial position, and recording the
first time point when the acoustic wave signal is
emitted, and

the obtaining the second time point when the detection

signal reflected by the light outgoing surface of the

display screen is received at the initial position com-

prises:

obtaining the second time point when the acoustic wave
signal reflected by the light outgoing surface of the
display screen is received by the ultrasonic wave
module.

6. The method according to claim 1, wherein

the second displacement comprises a second movement

distance and a second movement direction, and

the determining the second displacement of the micro-

phone in the direction parallel with the light outgoing

surface of the display screen based on the target posi-

tion and the initial position comprises:

obtaining a first plane coordinate of a perpendicular
projection point of the microphone at the initial
position on a plane parallel with the light outgoing
surface of the display screen;
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obtaining a second plane coordinate of a perpendicular
projection point of the microphone at the target
position on the plane parallel with the light outgoing
surface of the display screen; and

determining the second movement distance and the
second movement direction of the microphone based
on the first plane coordinate and the second plane
coordinate.

7. The method according to claim 6, wherein the plane
parallel with the light outgoing surface of the display screen
comprises a plane where the light outgoing surface of the
display screen is located.

8. The method according to claim 6, wherein the obtaining
the first plane coordinate of the perpendicular projection
point of the microphone at the initial position on the plane
parallel with the light outgoing surface of the display screen
comprises:

determining distances from the initial position to at least

two adjacent edges of the light outgoing surface of the
display screen; and

determining the first plane coordinate of the perpendicular

projection point of the microphone at the initial posi-
tion on the plane parallel with the light outgoing
surface of the display screen based on the distances
from the initial position to at least two adjacent edges
of the light outgoing surface of the display screen.

9. The method according to claim 8, wherein

the microphone is configured to be provided with an

ultrasonic wave module, and the microphone is con-
figured to be on a rotation device,

the determining the distances from the initial position to

the at least two adjacent edges of the light outgoing

surface of the display screen comprises:

rotating the microphone in a plurality of directions
from a plane where the initial position is located by
using the rotation device, and recording a rotation
angle;

determining a rotation critical point corresponding to
each of the plurality of directions based on the
ultrasonic wave module, wherein the rotation critical
point is a boundary point of the light outgoing
surface of the display screen to which the ultrasonic
wave module emits is capable of emitting an acoustic
wave signal; and

calculating the distance from the rotation critical point
to the initial position, and

the determining the first plane coordinate of the perpen-

dicular projection point of the microphone at the initial

position on the plane parallel with the light outgoing

surface of the display screen based on the distances

from the initial position to the at least two adjacent

edges of the light outgoing surface of the display screen

comprises:

obtaining a length and a width of the light outgoing
surface of the display screen according to a set
algorithm, based on the distance from the rotation
critical point to the initial position and the rotation
angle; and

obtaining the first plane coordinate of the perpendicular
projection point of the microphone at the initial
position on a plane where the light outgoing surface
of the display screen is located, based on the length
and the width of the light outgoing surface of the
display screen.
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10. A device of locating a microphone, comprising:

an initial position determining module, configured for
determining an initial position of the microphone
located in front of a light outgoing surface of a display
screen;

a target position setting module, configured for determin-
ing a target position of the microphone;

a first displacement determining module, configured for
determining a first displacement of the microphone in
a direction perpendicular to the light outgoing surface
of the display screen based on the target position and
the initial position;

a second displacement determining module, configured
for determining a second displacement of the micro-
phone in a direction parallel with the light outgoing
surface of the display screen based on the target posi-
tion and the initial position; and

a target position moving module, configured for control-
ling the microphone to move to the target position
based on the first displacement and second displace-
ment.

11. The device according to claim 10, wherein

the first displacement comprises a first movement distance
and a first movement direction, and

the first displacement determining module comprises:

a perpendicular distance determining submodule, con-
figured for determining a first perpendicular distance
from the microphone to the light outgoing surface of
the display screen based on the initial position;

a perpendicular distance obtaining submodule, config-
ured for obtaining a second perpendicular distance
from the target position to the light outgoing surface
of the display screen; and

a movement distance and direction determining sub-
module, configured for determining the first move-
ment distance and the first movement direction of the
microphone based on the first perpendicular distance
and the second perpendicular distance.

12. The device according to claim 11, wherein the per-

pendicular distance determining submodule comprises:

a first time point recording submodule, configured for
recording a first time point when the detection signal is
emitted to the light outgoing surface of the display
device from the initial position;

a second time point obtaining submodule, configured for
obtaining a second time point when the detection signal
reflected by the light outgoing surface of the display
screen is received at the initial position; and

a first perpendicular distance determining submodule,
configured for determining the first perpendicular dis-
tance based on the first time point, the second time
point and a propagation velocity of the acoustic wave
signal.

13. The device according to claim 12, wherein the detec-

tion signal comprises at least one selected from a group
consisting of an electromagnetic wave signal and an acoustic
wave signal.

14. The device according to claim 10, wherein
the second displacement comprises a second movement
distance and a second movement direction, and
the second displacement determining module comprises:
a first plane coordinate obtaining submodule, config-
ured for obtaining a first plane coordinate of a
perpendicular projection point of the microphone at
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the initial position on a plane parallel with the light
outgoing surface of the display screen;

a second plane coordinate obtaining submodule, con-
figured for obtaining a second plane coordinate of a
point of the microphone at the target position on the
plane parallel with the light outgoing surface of the
display screen;

a second movement distance and direction determining
submodule, configured for determining the second
movement distance and the second movement direc-
tion of the microphone based on the first plane
coordinate and the second plane coordinate.

15. The device according to claim 14, wherein the plane
parallel with the light outgoing surface of the display screen
comprises a plane where the light outgoing surface of the
display screen is located.

16. The device according to claim 14, wherein

the first plane coordinate obtaining submodule is config-

ured to:

determine distances from the initial position to at least

two adjacent edges of the light outgoing surface of the

display screen; and

determine the first plane coordinate of the perpendicular

projection point of the microphone at the initial posi-
tion on the plane parallel with the light outgoing
surface of the display screen based on the distances
from the initial position to at least two adjacent edges
of the light outgoing surface of the display screen.

17. The device according to claim 14, wherein

the microphone is configured to be provided thereon with

an ultrasonic wave module, and the microphone is

configured to be arranged on a rotation device,

the first plane coordinate obtaining submodule comprises:

a rotation angle recording submodule, configured for
rotating the microphone in a plurality of directions
from a plane where the initial position is located by
using the rotation device, and recording a rotation
angle;

a rotation critical point determining submodule, con-
figured for determining a rotation critical point cor-
responding to each of the plurality of directions
based on the ultrasonic wave module, wherein the
rotation critical point is a boundary point of the light
outgoing surface of the display screen to which the
ultrasonic wave module is capable of emitting an
acoustic wave signal;

a distance calculating submodule, configured for cal-
culating the distance from the rotation critical point
to the initial position;
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a length and width obtaining submodule, configured for
obtaining a length and a width of the light outgoing
surface of the display screen according to a set
algorithm, based on the distance from the rotation
critical point to the initial position and the rotation
angle; and

a first plane coordinate obtaining submodule, config-
ured for obtaining a first plane coordinate of a
perpendicular projection point of the microphone at
the initial position on a plane where the light out-
going surface of the display screen is located, based
on the length and the width of the light outgoing
surface of the display screen.

18. A device of locating a microphone, comprising:
a processor; and

a storage, storing a computer program instruction which,
when executed, causes the processor to execute fol-
lowing operations:

determining an initial position of the microphone
located in front of a light outgoing surface of a
display screen;

determining a target position of the microphone;

determining a first displacement of the microphone in
a direction perpendicular to the light outgoing sur-
face of' the display screen based on the target position
and the initial position;

determining a second displacement of the microphone
in a direction parallel with the light outgoing surface
of'the display screen based on the target position and
the initial position; and

controlling the microphone to move to the target posi-
tion based on the first displacement and the second
displacement.

19. A system of locating a microphone, comprising the
device of locating a microphone according to claim 12 and
a detecting device, wherein the detecting device is config-
ured to form a signal connection with the device of locating
the microphone and emit the detection signal.

20. A system of locating a microphone, comprising the
device of locating a microphone according to claim 18 and
a detecting device, wherein the detecting device is config-
ured to be form a signal connection with the device of
locating the microphone and emit the detection signal to
determine the first displacement and the second displace-
ment.



