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PHOTOGRAPHING CONTROL METHOD AND CONTROLLER

TECHNICAL FIELD

[0001] The present disclosure relates to control method and apparatus, more particularly, to a

photographing control method, a controller, and a mobile platform including the controller.

BACKGROUND

[0002] A handheld gimbal equipped with a camera or a smartphone with a camera can be mobile
during capturing images, and thus can take images of both still objects and moving objects. The
handheld gimbal may cause a camera to move or rotate, such that the camera can be placed ata
certain angle or position.

[0003] In conventional technologies, a handheld gimbal cannot take images of a target according
to a sound from the target. A microphone of a handheld gimbal is relatively easy to be affected

by external environments, such as wind noise.

SUMMARY

[0004] In accordance with the present disclosure, there 1s provided a photographing control
method. The photographing control method includes detecting a target sound from a target using
a plurality of sound detectors of a mobile platform carrying a sensor, determining a target
location of the target according to the target sound detected using the plurality of sound detectors,
and controlling the mobile platform based at least in part on the target location.

[0005] Also in accordance with the present disclosure, there is provided a controller. The
controller includes a processor and a memory storing instructions. The instructions, when

executed by the processor, cause the processor to detect a target sound from a target through a
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plurality of sound detectors of a mobile platform carrying a sensor, determine a target location of
the target according to the target sound detected through the plurality of sound detectors, and
control the mobile platform based at least in part on the target location.

[0006] Also in accordance with the present disclosure, there is provided a mobile platform. The
mobile platform includes a sensor carried by a main body of the mobile platform, a plurality of
sound detectors carried by the main body of the mobile platform, a processor, and a memory
storing instructions. The instructions, when executed by the processor, cause the processor to
detect a target sound from a target through the plurality of sound detectors, determine a target
location of the target according to the target sound detected through the plurality of sound

detectors, and control the mobile platform based at least in part on the target location.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates a schematic diagram showing an exemplary application scenario of

image processing according to various disclosed embodiments of the present disclosure.

[0008] FIG. 2 illustrates a schematic circuit diagram of mobile platform shown in FIG. 1

according to various disclosed embodiments of the present disclosure.

[0009] FIG. 3 1s a flow chart of an exemplary photographing control method according to

various disclosed embodiments of the present disclosure.

[0010] FIG. 4 illustrates a schematic view of detecting a target location using four sound

detectors according to various disclosed embodiments of the present disclosure.

[0011] FIG. 5 1s a flow chart of another exemplary photographing control method according to

various disclosed embodiments of the present disclosure.
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[0012] FIG. 6 illustrating examples of an orientation of a sensor and a direction of a target

according to various disclosed embodiments of the present disclosure.

[0013] FIG. 7 1s a flow chart of another exemplary photographing control method according to

various disclosed embodiments of the present disclosure.

[0014] FIG. 8 is a flow chart of another exemplary photographing control method according to

various disclosed embodiments of the present disclosure.

[0015] FIG. 9 illustrates a block diagram of an exemplary hardware configuration of an

exemplary controller according to various disclosed embodiments of the present disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0016] Technical solutions of the present disclosure will be described with reference to the
drawings. It will be appreciated that the described embodiments are some rather than all of the
embodiments of the present disclosure. Other embodiments conceived by those having ordinary
skills in the art on the basis of the described embodiments without inventive efforts should fall

within the scope of the present disclosure.

[0017] As used herein, when a first component is referred to as “fixed to” a second component, it
is intended that the first component may be directly attached to the second component or may be
indirectly attached to the second component via another component. When a first component is
referred to as “connecting” to a second component, it is intended that the first component may be
directly connected to the second component or may be indirectly connected to the second
component via a third component between them. The terms “perpendicular,” “horizontal,” “left,”

“right,” and similar expressions used herein are merely intended for description.
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[0018] Unless otherwise defined, all the technical and scientific terms used herein have the same
or similar meanings as generally understood by one of ordinary skill in the art. As described
herein, the terms used in the specification of the present disclosure are intended to describe
exemplary embodiments, instead of limiting the present disclosure. The term “and/or” used

herein includes any suitable combination of one or more related items listed.

[0019] Further, in the present disclosure, the disclosed embodiments and the features of the

disclosed embodiments may be combined when there are no conflicts.

[0020] FIG. 1 illustrates a schematic diagram showing an exemplary application scenario of
image processing according to various disclosed embodiments of the present disclosure. FIG. 2
illustrates a schematic circuit diagram of the mobile platform shown in FIG. 1 according to
various disclosed embodiments of the present disclosure. As shown in FIGs. 1 and 2, a mobile
platform 100 includes a controller 101, a sensor 104, a plurality of sound detectors 105 and a
main body 106. The sensor 104 may be carried by the main body 106 of the mobile platform

100. The sound detectors 105 may be carried by the main body 106 of the mobile platform 100.

[0021] The mobile platform 100 may include, for example, a handheld platform or a vehicle,
such as an unmanned aerial vehicle or a ground-based mobile vehicle. In the illustrated
embodiment, the mobile platform 100 may be a handheld platform. The main body 106 may
include a platform body 102 and a gimbal 103. The sensor 104 is carried by the gimbal 103.
The plurality of sound detectors 105 are carried by the platform body 102 and/or the gimbal 103.

The gimbal 103 couples the sensor 103 to the platform body 102.

[0022] The controller 101 may include a photographing controller and/or a gimbal controller.
The controller 101 may include a processor and a memory storing instructions. The instructions,

when executed by the processor, cause the processor to perform a photographing control method
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consistent with the disclosure, such as one of the example methods described below. In some
embodiments, the controller may be arranged in the platform body. In some other embodiments,

the controller may be arranged outside the platform body.

[0023] The sensor 104 may include, for example, a camera, a smartphone including a camera, or

another device including a camera.

[0024] The number of the sound detectors 105 may be, for example, four or more. In some
embodiments, each two of the sound detectors have a distance between the two sound detectors
larger than a preset value. The plurality of sound detectors 105 may include, for example, a

plurality of microphones.

[0025] In some embodiments, the plurality of sound detectors 105 may be arranged at the
platform body 102 directly. In some other embodiments, the plurality of sound detectors 105
may be coupled to the platform body 102 through the gimbal 103. In some embodiments, the
mobile platform 100 may include a multirotor UAV having a plurality of arms each supporting
one of rotors of the UAV that drive the UAV to fly in the air. In these embodiments, each of the
plurality of sound detectors 105 can be arranged at one of the arms, such as at a distal end of the
one of the arms that is distal from a center body of the UAV. In some embodiments, each of the
plurality of sound detectors 105 can be arranged at one of the arms beneath the corresponding

rotor.

[0026] FIG. 3 1s a flow chart of an exemplary photographing control method according to
various disclosed embodiments of the present disclosure. With reference to FIG. 3, the

photographing control method 1s described below.
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[0027] At 202, a target sound from a target is detected using the plurality of sound detectors of

the mobile platform.
[0028] The target may include, for example, a human face or an object that can generate sounds.

[0029] In some embodiments, a sensed sound may be detected through one of the sound
detectors, and an intensity of the sensed sound may be obtained. Further, it may be determined
whether the intensity is greater than an intensity threshold. It may be determined that the sensed
sound includes the target sound in response to determining that the intensity is greater than the
intensity threshold.

[0030] In some embodiments, if the intensity of the sensed sound is not greater than the intensity
threshold, a frequency-dependent intensity analysis may be performed on the sensed sound to
obtain a signal-to-noise ratio. Further, it may be determined whether the signal-to-noise ratio is
greater than a signal-to-noise threshold. It may be determined that the sensed sound includes the
target sound if the signal-to-noise ratio is greater than the signal-to-noise threshold. On the other
hand, it may be determined that the sensed sound includes a noise if the signal-to-noise ratio is
not greater than the signal-to-noise threshold.

[0031] At 204, a target location of the target is determined according to the target sound.

[0032] For example, the target location may be determined according to detector locations of the
sound detectors and detection time points at which the sound detectors detect the target sound,
respectively, and a sound velocity.

[0033] In some embodiments, four sound detectors may be selected, and the target location may
be determined according to detector locations of the four sound detectors and detection time

points at which the four sound detectors detect the target sound, respectively.
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[0034] For example, using four sound detectors as an example, the target location may be
determined according to a set of distance-velocity-time equations. For example, as shown in FIG.
4, a human face at a location (X,y,z), as an example of target, generates sounds. The sounds
travel at a sound velocity v from the target, and reach four detectors indicated by four solid dots.
The four detectors, i.e., the first to fourth detects, are located at (x1,yl,z1), (x2,y2,2z2), (x3,y3,23),
and (x4,y4,z4), respectively, and the distances between the target and the four detectors are d1,
d2, d3, and d4 respectively. A first detection time point at which the first sound detector detects
the target sound is indicated by t1, a second detection time point at which the second sound
detector detects the target sound is indicated by t2, a third detection time point at which the third
sound detector detects the target sound is indicated by t3, a fourth detection time point at which

the fourth sound detector detects the target sound is indicated by t4. Because d1 = v - tl and

dl =/(x—x1)%? + (y —y1)? + (z — z1)?, the following equation can be obtained:

Jx—x1D)2+y-y2+@z—-z1)2=v-t1 (1)

Similarly, for the other three sound detectors:

JEx—x2)2+(y-y2)2+(@z—-22)2=v-t2 ()
Jx—=x3)2+(y—-y3)2+(z—2z3)2=v-t3 3)
JEx—x4)2 4+ (y—y4)?2 + (z—z4)? =v-th 4)

Combining Equations (1) and (2) results:

JEx—x2)2+(y—y2)2+(z—22)2 —Jx—x1)2 +(y—y1)2+ (z—z1)2 =v- (2 — tl)

)

Similarly, combining Equations (1) and (3) results:
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Jx=x32+(y—-y3)2+(z—-23)2—Jx—-x1)?+(y—yD)?+(z—z1)> =v- (13 —t1)

(©)

Combining Equations (1) and (4) results:

JE—x4)2 4+ (y—-y4)2+(z—-2z4)? —Jx—x1)?+(y—y1)2+ (z—z1)2 =v- (t4 —t1)
(7
Equations (5), (6), and (7) are an example of the distance-velocity-time equations. According to
Equations (5), (6), and (7), the target location (x,y,z) can be determined.
[0035] At 206, the mobile platform is controlled based at least in part on the target location.
[0036] In some embodiments, the mobile platform is controlled based at least in part on the
target location, to cause the sensor point approximately toward the target and/or further to
finetune the sensor with respect to the target.
[0037] In some embodiments, the mobile platform may be controlled to perform an operation
such as causing the sensor to point approximately toward the target or further to finetune the
sensor with respect to the target. That is, so long as the mobile platform detects the target sound
from the target, the mobile platform performs the operation. In some other embodiments, the
mobile platform may response to a sound instruction included in the target sound. For example,
the mobile platform may perform the operation only when the target sound includes the sound
instruction but does not perform the operation if the target sound does not include the sound
instruction. The sound instruction may be pre-preprogrammed in the mobile platform or be pre-
recorded by a user. The sound instruction may include, for example, “hello, this direction” or
“this way.”
[0038] In some embodiments, process 206 may be performed for causing the sensor to point

approximately toward the target and finetuning the sensor based on Euler angles of the target
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relative to the mobile platform, as shown in FIG. 5. FIG. 5 1s a flow chart of another exemplary
photographing control method according to various disclosed embodiments of the present
disclosure.

[0039] As shown in FIG. 5, controlling the mobile platform based at least in part on the target
location (206) includes obtaining the Euler angles of the target relative to the mobile platform
based at least in part on the target location (2062) and rotating at least one of the mobile platform,
the sensor, or the gimbal based at least in part on the Euler angles of the target to cause the
sensor to point approximately toward the target (2064).

[0040] In some embodiments, the sensor may be caused to point approximately toward the target
with a tolerance with respect to a direction of the target. That is, the sensor does not have to
point exactly at the direction of the target. Rather, the sensor can point at a direction having an
angle with the direction of the target smaller than the tolerance. The direction of the target refers
to a direction pointing from the sensor to the target. The direction at which the sensor points is
also referred to as a pointing direction of the sensor or an orientation of the sensor, which can be
the orientation of a central measurement axis of the sensor. For example, the sensor may include
a camera and the orientation of the sensor may be the orientation of the optical axis of a lens of
the camera.

[0041] In some embodiments, the tolerance may be less than approximately 20 degrees, less than
approximately 15 degrees, less than approximately 10 degrees, or less than approximately 5
degrees. In some embodiments, the tolerance may be approximately 20 degrees, approximately
15 degrees, approximately 10 degrees, or approximately 5 degrees.

[0042] For example, as shown in FIG. 6, the sensor 104 is at position O, and the target is at

position T. Arrowed line OT represents the direction from the sensor to the target, i.e., the
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direction of the target. The sensor may be caused to point approximately toward the target, e.g.,
along direction OS. As a result of the rotation of the at least one of the mobile platform, the
sensor, or the gimbal as controlled according to the method consistent with the disclosure, the
angle SOT between OS and OT may be controlled to be within the tolerance, for example, about
3 degrees, about 6 degrees, or about 9 degrees.

[0043] In some embodiments, the sensor may be coupled to an electric motor, and the electric
motor coupled to the sensor may be controlled to rotate the sensor. In some embodiments, the
sensor may be carried by the gimbal coupled to another electric motor, and the electric motor
coupled to the gimbal may be controlled to rotate the gimbal. Further, the mobile platform
carrying the sensor may include a propelling system, and the propelling system may be
controlled to rotate the mobile platform so as to rotate the sensor.

[0044] In some embodiments, the Euler angles of the target may include at least one of a pitch
angle, a roll angle, or a yaw angle of the target relative to the mobile platform, and the at least
one of the mobile platform, the sensor, or the gimbal may be rotated rotating the at least one of
the mobile platform, the sensor, or the gimbal according to at least one of the pitch angle of the
target, the roll angle of the target, or the yaw angle of the target.

[0045] In some embodiments, the gimbal may include at least one of a pitch shaft, a yaw shaft,
or a roll shaft, and rotating the at least one of the mobile platform, the sensor, or the gimbal
based at least in part on the Euler angles of the target may be performed by rotating the at least
one of the pitch shaft, the yaw shaft, or the roll shaft of the gimbal according to the at least one
of the pitch angle, the roll angle, or the yaw angle of the target.

[0046] In some embodiments, the sensor may include a camera, and the at least one of the

mobile platform, the sensor, or the gimbal may be rotated according to the Euler angles of the
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target to cause the camera to point approximately toward the target. Similar to the embodiments
described above, in some embodiments, rotation of the at least one of the mobile platform, the
sensor, or the gimbal according to the Euler angles of the target may be performed when the
mobile platform receives the target sound; while in some other embodiments, the rotation of the
at least one of the mobile platform, the sensor, or the gimbal according to the Euler angles of the
target may be performed in response to a sound instruction included in the target sound.

[0047] In some embodiments, as shown in FIG. 5, controlling the mobile platform based at least
in part on the target location (206) further includes finetuning the at least one of the mobile
platform, the sensor, or the gimbal to reduce differences between Euler angles of an orientation
of the sensor and the Euler angles of the target.

[0048] Measurement data about the target may be obtained through the sensor, a finetune
parameter may be obtained according to the measurement data and the orientation of the sensor,
and the at least one of the mobile platform, the sensor, or the gimbal may be finetuned according
to the finetune parameter.

[0049] In some embodiments, the sensor includes a camera and the camera can be configured to
capture a target image containing the target. The target image may contain information
associated with the target. A finetune parameter may be obtained according to the target image
and an orientation of the camera. The finetune parameter may include one or more sub-
parameters describing differences between the Euler angles of the orientation of the sensor and
the Euler angles of the target.

[0050] In some embodiments, to obtain the finetune parameter, an orientation difference may be
obtained according to a position of the target in the target image and the orientation of the

camera. The one or more sub-parameters may be obtained according to the orientation
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difference. Further, the at least one of the mobile platform, the sensor, or the gimbal may be
finetuned according to the finetune parameter. For example, the at least one of the mobile
platform, the camera, or the gimbal may be rotated according to the one or more sub-parameters,
such that the differences between Euler angles of the orientation of the sensor and the Euler
angles of the target may be reduced.

[0051] In some embodiments, the target may include a human face, and data for the human face
may be pre-registered. The pre-registered data for the human face may be used for searching the
human face in an image captured by the camera. Accordingly, a relative location of the human
face in the image may be determined relatively conveniently. In some other embodiments, pre-
registered data for the human face may not be used for searching the human face in an image
captured by the camera. Whether the pre-registered data for the human face is used may be
chosen according to various application scenarios.

[0052] In some embodiments, the target may move, and the at least one of the mobile platform,
the sensor, or the gimbal may be repeatedly finetuned to reduce differences between the Euler
angles of the orientation of the sensor and the Euler angles of the target. Accordingly, the target
may be continuously tracked, and images of the target may be captured as needed.

[0053] FIG. 7 1s a flow chart of another exemplary photographing control method according to
various disclosed embodiments of the present disclosure. The method shown in FIG. 7 is similar
to the method shown in FIG. 5, except that the method shown in FIG. 7 further includes
controlling the sensor to obtain measurement data (208).

[0054] In some embodiments, the sensor may be controlled to obtain the measurement data for
controlling the mobile platform based at least in part on the target location. That is, the

measurement data may be used in the process of controlling the mobile platform. In some
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embodiments, the mobile platform is controlled, and further the sensor may be controlled to
obtain the measurement data. For example, the mobile platform is controlled to cause the sensor
to point approximately toward the target and/or further to finetune the sensor with respect to the
target. Further, the sensor may be controlled to obtain the measurement data.

[0055] In some embodiments, the sensor may be caused to point approximately toward the target
with a tolerance of, e.g., approximately 10 degrees with respect to the direction of the target.
Referring again to FIG. 6, the sensor 104 has a measurement field of, for example,
approximately 85 degrees. That is, objects within approximately 42.5 degrees on both sides of a
central measurement axis OS of the sensor are within the measurement field. In FIG. 6, the
measurement field covers the region between two dashed lines 107 and 108. When the target is
within the measurement field of the sensor, such as shown in FIG. 6, the sensor can take
measurement data on the target. In the embodiments that the sensor includes a camera, the
measurement field can be the field of view of the camera, and when the target is within the field
of view of the camera, the camera can capture images of the target, i.e., the measurement data
may include an image.

[0056] In some embodiments, the sensor may include a camera, and the target may include a
human face. In response to an image-capturing sound instruction included in the target sound,
e.g., a sound instruction of “take a picture” or “take a picture, OSMO,” the at least one of the
mobile platform, the sensor, or the gimbal may be rotated according to the Euler angles of the
target to cause the camera to point approximately toward the target, and finetuned to reduce
differences between the Euler angles of an orientation of the camera and the Euler angles of the

target. Further, an image of the target may be captured and saved.
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[0057] In some embodiments, the sound detectors may also be moved, e.g., rotated, so that they
can be oriented at the target to improve the quality of the target sound. In some embodiments,
the mobile platform may carry and move sound detectors without using a gimbal. In some other
embodiments, the mobile platform may carry and move some or all of the sound detectors
through the gimbal.

[0058] FIG. 8 is a flow chart of another exemplary photographing control method according to
various disclosed embodiments of the present disclosure. As shown in FIG. 8, controlling the
mobile platform based at least in part on the target location (206) includes rotating at least one of’
the mobile platform, at least one sound detector, or the gimbal based at least in part on the Euler
angles of the target to cause the at least one sound detector to point approximately toward the
target.

[0059] The sound qualities of sounds detected by the sound detectors may be improved by
causing the at least one sound detector to point approximately toward the target.

[0060] In some embodiments, as shown in FIG. 8, controlling the mobile platform based at least
in part on the target location (206) further includes finetuning the at least one of: the mobile
platform, the at least one sound detector, or the gimbal, to reduce differences between Euler
angles of an orientation of the at least one sound detector and the Euler angles of the target
(2065).

[0061] The finetuning to reduce differences between Euler angles of an orientation of the at least
one sound detector and the Euler angles of the target may be performed by arranging a sensor
pointing in an approximately same direction as the at least one sound detector. That is, the
sensor can be a directional sensor and a sensing direction of the sensor can be approximately the

same as a detection direction of the at least one sound detector. The sensor may have a relatively
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better accuracy of determining a target direction than the at least one sound detector, and thus the
finetuning can be realized. The sensor can include, for example, a sensor described above in
connection with FIG. 5 or any other suitable sensor. Because the sensor points in approximately
the same direction as the at least one sound detector, differences between Euler angles of the
orientation of the at least one sound detector and the Euler angles of the target can be reduced by
reducing differences between Euler angles of an orientation of the sensor and the Euler angles of
the target. Thus, differences between the Euler angles of the orientation of the at least one sound
detector and the Euler angles of the target can be reduced by finetuning the at least one of the
mobile platform, the at least one sound detector, or the gimbal in a similar manner as reducing
differences between the Euler angles of the orientation of the sensor and the Euler angles of the
target, descriptions of which is not repeated here.

[0062] Besides the pointing direction, 1.e., the orientation, of a sound detector, e.g., whether
sound detector point toward the target, other factors, such as a noise, e.g., a wind noise, and a
direction of the noise may also influence sound quality of the target sound detected by the sound
detector. Influences of different factors may vary according to application scenarios, and
different approaches may be adopted according to different application scenarios. For example,
in the scenarios that a wind noise has a relatively larger influence than the orientation of the
sound detector, sound quantity may be better improved by reducing the influence of the wind
noise than pointing the sound detector toward the target.

[0063] In some embodiments, as shown in FIG. 8, the method further includes moving one or
more of the sound detectors to increase sound qualities of the target sounds detected by the one

or more of the sound detectors (210).

15



10

15

20

WO 2020/034207 PCT/CN2018/101129

[0064] The one or more of the sound detectors may be moved, e.g., rotated, by moving, e.g.,
rotating, at least one of the mobile platform, at least one of the sound detectors, or the gimbal to
reduce other influences, such as noise, e.g., wind noise, detected by the one or more of the sound
detectors, such that the sound qualities of the target sounds detected by the one or more of the
sound detectors are improved.

[0065] In some embodiments, the one or more of the sound detectors may be moved together
with the mobile platform. In some embodiments, the one or more of the sound detectors may be
moved with respect to the mobile platform, e.g., through a gimbal carried by the mobile platform
and connecting to the one or more of the sound detectors. That is, the one or more of the sound
detectors may be moved with respect to the platform body.

[0066] In some embodiments, increased sound quality of the target sounds may be indicated by
increased intensity of the target sound and/or increased signal-to-noise ratio of the target sound.
[0067] In the present disclosure, sound detectors corresponding to sounds with higher sound
qualities may be determined. For example, at least one of the sound detectors that detects the
target sound with a higher sound quality than other one or more of the sound detectors may be
determined. Further, the at least one of the sound detectors may be selected as at least one
channel to record an additional sound from the target.

[0068] In some embodiments, the sensor may include a camera and two of the sound detectors
may be determined as sound detectors that detect the target sound with higher sound quality than
other one or more of the sound detectors. The two of the sound detectors may be selected as two
channels to record the additional sound to integrate into a video taken by the camera.

Accordingly, the video may include sound of relatively higher sound quality.
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[0069] FIG. 9 illustrates a block diagram of an exemplary hardware configuration of an
exemplary controller 101 according to various disclosed embodiments of the present disclosure.
As shown in FIG. 9, the controller 101 includes a processor 801 and a memory 802. The
memory 802 stores instructions for execution by the processor 801 to perform a method
consistent with the disclosure, such as one of the exemplary photographing control methods
described above.

[0070] In some embodiments, the processor 801 may include any suitable hardware processor,
such as a microprocessor, a micro-controller, a central processing unit (CPU), a graphic
processing unit (GPU), a network processor (NP), a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field-programmable gate array (FPGA), or
another programmable logic device, discrete gate or transistor logic device, discrete hardware
component. In some embodiments, the memory 802 may include a non-transitory computer-
readable storage medium, such as a random access memory (RAM), a read only memory, a flash
memory, a hard disk storage, or an optical medium.

[0071] In some embodiments, the instructions stored in the memory, when executed by the
processor, may cause the processor to detect a target sound from a target using the plurality of
sound detectors of the mobile platform.

[0072] The target may include, for example, a human face or an object that can generate sounds.
[0073] In some embodiments, the instructions may further cause the processor to determine a
target location of the target according to the target sound.

[0074] For example, the target location may be determined according to detector locations of the
sound detectors and detection time points at which the sound detectors detect the target sound,

respectively, and a sound velocity.
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[0075] In some embodiments, the instructions may further cause the processor to control the
mobile platform based at least in part on the target location.

[0076] In some embodiments, the mobile platform is controlled based at least in part on the
target location, to cause the sensor point approximately toward the target or further to finetune
the sensor with respect to the target.

[0077] In some embodiments, the mobile platform may be controlled to perform an operation
such as causing the sensor to point approximately toward the target or further to finetune the
sensor with respect to the target. That is, so long as the mobile platform detects the target sound
from the target, the mobile platform performs the operation. In some other embodiments, the
mobile platform may response to a sound instruction included in the target sound. For example,
the mobile platform may perform the operation only when the target sound includes the sound
instruction but does not perform the operation if the target sound does not include the sound
instruction. The sound instruction may be pre-preprogrammed in the mobile platform or be pre-
recorded by a user. The sound instruction may include, for example, “hello, this direction” or
“this way.”

[0078] In some embodiments, the instructions may further cause the processor to control the
sensor to obtain measurement data.

[0079] In some embodiments, the sensor may be controlled to obtain the measurement data for
controlling the mobile platform based at least in part on the target location. That is, the
measurement data may be used in the process of controlling the mobile platform. In some
embodiments, the mobile platform is controlled, and further the sensor may be controlled to

obtain the measurement data. For example, the mobile platform is controlled to cause the sensor
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to point approximately toward the target and/or further to finetune the sensor with respect to the
target. Further, the sensor may be controlled to obtain the measurement data.

[0080] The instructions can cause the processor to perform a method consistent with the
disclosure, such as one of the example methods described above.

[0081] For details of the functions of the above-described devices or functions of the
components of a device, references can be made to method embodiments described above,
descriptions of which are not repeated here.

[0082] Those of ordinary skill in the art will appreciate that the exemplary elements and
algorithm steps described above can be implemented in electronic hardware, or in a combination
of computer software and electronic hardware. Whether these functions are implemented in
hardware or software depends on the specific application and design constraints of the technical
solution. One of ordinary skill in the art can use different methods to implement the described
functions for different application scenarios, but such implementations should not be considered
as beyond the scope of the present disclosure.

[0083] For simplification purposes, detailed descriptions of the operations of exemplary systems,
devices, and units may be omitted and references can be made to the descriptions of the
exemplary methods.

[0084] The disclosed systems, apparatuses, and methods may be implemented in other manners
not described here. For example, the devices described above are merely illustrative. For
example, the division of units may only be a logical function division, and there may be other
ways of dividing the units. For example, multiple units or components may be combined or may
be integrated into another system, or some features may be ignored, or not executed. Further, the

coupling or direct coupling or communication connection shown or discussed may include a
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direct connection or an indirect connection or communication connection through one or more
interfaces, devices, or units, which may be electrical, mechanical, or in other form.

[0085] The units described as separate components may or may not be physically separate, and a
component shown as a unit may or may not be a physical unit. That is, the units may be located
in one place or may be distributed over a plurality of network elements. Some or all of the
components may be selected according to the actual needs to achieve the object of the present
disclosure.

[0086] In addition, the functional units in the various embodiments of the present disclosure may
be integrated in one processing unit, or each unit may be an individual physically unit, or two or
more units may be integrated in one unit.

[0087] A method consistent with the disclosure can be implemented in the form of computer
program stored in a non-transitory computer-readable storage medium, which can be sold or used
as a standalone product. The computer program can include instructions that enable a computing
device, such as a processor, a personal computer, a server, or a network device, to perform part
or all of a method consistent with the disclosure, such as one of the exemplary methods
described above. The storage medium can be any medium that can store program codes, for
example, a USB disk, a mobile hard disk, a read-only memory (ROM), a random access memory
(RAM), a magnetic disk, or an optical disk.

[0088] Other embodiments of the disclosure will be apparent to those skilled in the art from
consideration of the specification and practice of the embodiments disclosed herein. It is
intended that the specification and examples be considered as exemplary only and not to limit the
scope of the disclosure, with a true scope and spirit of the invention being indicated by the

following claims.
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WHAT IS CLAIMED IS:

1. A photographing control method comprising:

detecting a target sound from a target using a plurality of sound detectors of a mobile
platform carrying a sensor;

determining a target location of the target according to the target sound detected using the
plurality of sound detectors; and

controlling the mobile platform based at least in part on the target location.

2. The method according to claim 1, wherein determining the target location
includes:
determining the target location according to detector locations of the sound detectors and

detection time points at which the sound detectors detect the target sound, respectively.

3. The method according to claim 2, wherein:

detecting the target sound using the plurality of sound detectors includes detecting the
target sound using four sound detectors, and

determining the target location according to the detector locations and the detection time
points include determining the target location according to four detector locations of the four
sound detectors and four detection time points at which the four sound detectors detect the target

sound, respectively.

4, The method according to claim 1, wherein detecting the target sound using the
plurality of sound detectors includes:

detecting the target sound using a plurality of microphones.
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5. The method according to claim 1, wherein each two of the sound detectors have a

distance between the two of the sound detectors larger than a preset value.

6. The method according to claim 1, wherein detecting the target sound includes:

obtaining an intensity of a sensed sound detected through one of the sound detectors;

determining whether the intensity of the sensed sound is greater than an intensity
threshold; and

determining that the sensed sound includes the target sound in response to determining

that the intensity of the sensed sound is greater than the intensity threshold.

7. The method according to claim 6, wherein detecting the target sound further
includes, in response to determining that the intensity of the sensed sound is not greater than the
intensity threshold:

performing a frequency-dependent intensity analysis on the sensed sound to obtain a
signal-to-noise ratio;

determining whether the signal-to-noise ratio is greater than a signal-to-noise threshold;

determining that the sensed sound includes the target sound in response to determining
that the signal-to-noise ratio is greater than the signal-to-noise threshold; and

determining that the sensed sound includes a noise in response to determining that the

signal-to-noise ratio is not greater than the signal-to-noise threshold.

8. The method according to claim 2, wherein determining the target location
includes:
determining the target location according to the detector locations, the detection time

points, and a sound velocity.
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9. The method according to claim 8, wherein determining the target location
according to the detector locations, the detection time points, and the sound velocity includes:

determining the target location according to a set of distance-velocity-time equations
each describing a relationship among:

a first distance between a first one of the sound detectors and the target expressed
in terms of the detector location of the first one of the sound detectors and the target
location,

a second distance between a second one of the sound detectors and the target
expressed in terms of the detector location of the second one of the sound detectors and
the target location, and

a time difference between the detection time point of the first one of the sound

detectors and the detection time point of the second one of the sound detectors.

10. The method according to claim 1, further comprising:
obtaining Euler angles of the target relative to the mobile platform based at least in part

on the target location.

11. The method according to claim 10, wherein:

the mobile platform includes a gimbal carrying the sensor; and

controlling the mobile platform includes rotating at least one of the mobile platform, the
sensor, or the gimbal based at least in part on the Euler angles of the target to cause the sensor to

point approximately toward the target.

12. The method according to claim 11, wherein controlling the mobile platform

further includes:

-23-



WO 2020/034207 PCT/CN2018/101129

finetuning the at least one of the mobile platform, the sensor, or the gimbal to reduce

differences between Euler angles of an orientation of the sensor and the Euler angles of the target.

13. The method according to claim 12, wherein finetuning the at least one of the
mobile platform, the sensor, or the gimbal includes:

obtaining measurement data about the target through the sensor;

obtaining a finetune parameter according to the measurement data and the orientation of
the sensor; and

finetuning the at least one of the mobile platform, the sensor, or the gimbal according to

the finetune parameter.

14. The method according to claim 12, wherein:
the sensor includes a camera, and
finetuning the at least one of the mobile platform, the sensor, or the gimbal includes:
capturing a target image of the target through the camera;
obtaining a finetune parameter according to the target image and an orientation of
the camera; and
finetuning the at least one of the mobile platform, the sensor, or the gimbal

according to the finetune parameter.

15. The method according to claim 14, wherein:
the finetune parameter includes one or more sub-parameters describing differences

between Euler angles of the orientation of the sensor and the Euler angles of the target.

16. The method according to claim 15, wherein obtaining the finetune parameter

according to the target image and the orientation of the camera includes:
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obtaining an orientation difference according to a position of the target in the target
image and the orientation of the camera; and

obtaining the one or more sub-parameters according to the orientation difference.

17. The method according to claim 16, wherein finetuning the at least one of the
mobile platform, the sensor, or the gimbal according to the finetune parameter includes:

rotating the at least one of the mobile platform, the camera, or the gimbal according to the
one or more sub-parameters describing the differences between Euler angles of the orientation of
the sensor and the Euler angles of the target, such that the differences between Euler angles of

the orientation of the sensor and the Euler angles of the target are reduced.

18. The method according to claim 11, wherein rotating the at least one of the mobile
platform, the sensor, or the gimbal includes performing at least one of:

controlling a propelling system of the mobile platform to rotate the mobile platform,

controlling an electric motor coupled to the sensor to rotate the sensor, or

controlling an electric motor coupled to the gimbal to rotate the gimbal.

19. The method according to claim 11, wherein:
the Euler angles of the target include at least one of a pitch angle, a roll angle, or a yaw
angle of the target relative to the mobile platform, and
rotating the at least one of the mobile platform, the sensor, or the gimbal based at least in
part on the Euler angles of the target include performing at least one of:
rotating the at least one of the mobile platform, the sensor, or the gimbal

according to the pitch angle of the target,
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rotating the at least one of the mobile platform, the sensor, or the gimbal
according to the roll rotation angle of the target, or
rotating the at least one of the mobile platform, the sensor, or the gimbal

according to the yaw angle of the target.

20. The method according to claim 11, wherein:

the Euler angles of the target include at least one of a pitch angle, a roll angle, or a yaw
angle of the target relative to the mobile platform;

the gimbal includes at least one of a pitch shaft, a yaw shaft, or a roll shaft; and

rotating the at least one of the mobile platform, the sensor, or the gimbal based at least in
part on the Euler angles of the target includes rotating the at least one of the pitch shaft, the yaw
shaft, or the roll shaft of the gimbal according to the at least one of the pitch angle, the roll angle,

or the yaw angle of the target relative to the mobile platform.

21. The method according to claim 11, wherein:

the sensor includes a camera, and

rotating the at least one of the mobile platform, the sensor, or the gimbal includes:
rotating the at least one of the mobile platform, the sensor, or the gimbal

according to the Euler angles of the target to cause the camera to point approximately

toward the target.

22. The method according to claim 11, wherein:
the sensor includes a camera; and

rotating the at least one of the mobile platform, the sensor, or the gimbal includes:
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in response to a sound instruction included in the target sound, rotating the at least
one of the mobile platform, the sensor, or the gimbal according to the Euler angles of the

target to cause the camera to point approximately toward the target.

23. The method according to claim 22, further comprising:

controlling the camera to take an image.

24, The method according to claim 10, wherein:

the mobile platform includes a gimbal carrying at least one of the sound detectors; and

controlling the mobile platform based at least in part on the target location includes
rotating at least one of the mobile platform, the at least one of the sound detectors, or the gimbal
based at least in part on the Euler angles of the target to cause the at least one of the sound

detectors to point approximately toward the target.

25. The method according to claim 24, wherein controlling the mobile platform based
at least in part on the target location further includes:

finetuning the at least one of the mobile platform, the at least one of the sound detectors,
or the gimbal to reduce differences between Euler angles of an orientation of the at least one

sound detectors and the Euler angles of the target.

26. The method according to claim 10, further comprising:

determining at least one of the sound detectors that detects the target sound with a higher
intensity than other one or more of the sound detectors; and

selecting the at least one of the sound detectors as at least one channel to record an

additional sound from the target.
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217. The method according to claim 10, further comprising:

determining at least one of the sound detectors that detects a sensed sound with a higher
signal-to-noise ratio than other one or more of the sound detectors; and

selecting the at least one of the sound detectors as at least one channel to record an

additional sound from the target.

28. The method according to claim 26 or 27, wherein:

the at least one of the sound detectors include two of the sound detectors;

the sensor includes a camera; and

selecting the at least one of the sound detectors includes selecting the two of the sound
detectors as two channels to record the additional sound to integrate into a video taken by the

camera.

29. The method according to claim 26 or 27, wherein:

the mobile platform includes a gimbal carrying at least one of the sound detectors; and

controlling the mobile platform based at least in part on the target location includes
rotating at least one of the mobile platform, the at least one of the sound detectors, or the gimbal
based at least in part on the Euler angles of the target to cause the at least one of the sound

detectors to point approximately toward the target.

30. The method according to claim 1, further comprising:
moving or rotating one or more of the sound detectors with respect to the mobile platform
to increase intensities of the target sounds detected through the one or more of the sound

detectors.
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31. The method according to claim 30, wherein moving or rotating the one or more of
the sound detectors with respect to the mobile platform reduces wind noise detected by the one
or more of the sound detectors, such that the intensities of the target sounds detected by the one

or more of the sound detectors are increased.

32. The method according to claim 1, further comprising:
moving or rotating one or more of the sound detectors with respect to the mobile platform
to increase signal-to-noise ratios of sensed sounds detected by the one or more of the sound

detectors.

33. The method according to claim 32, wherein moving or rotating the one or more of
the sound detectors with respect to the mobile platform reduces wind noise detected by the one
or more of the sound detectors, such that the signal-to-noise ratios of sensed sounds detected by

the one or more of the sound detectors are increased.

34. The method according to claim 1, wherein the mobile platform includes one of a

handheld platform including a gimbal or a ground-based mobile vehicle including a gimbal.

35. A controller comprising:
a processor; and
a memory storing instructions that, when executed by the processor, cause the processor
to:
detect a target sound from a target through a plurality of sound detectors of a
mobile platform carrying a sensor;
determine a target location of the target according to the target sound detected

through the plurality of sound detectors; and
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control the mobile platform based at least in part on the target location.

36. The controller according to claim 35, wherein the instructions further cause the

processor to:
determine the target location according to detector locations of the sound detectors and

detection time points at which the sound detectors detect the target sound, respectively.

37. The controller according to claim 36, wherein:
the plurality of sound detectors include four sound detectors, and
the instructions further cause the processor to:
determine the target location according to four detector locations of the four
sound detectors and four detection time points at which the four sound detectors detect

the target sound, respectively.

38. The controller according to claim 35, wherein the plurality of sound detectors

include a plurality of microphones.

39. The controller according to claim 35, wherein each two of the sound detectors

have a distance between the two of the sound detectors larger than a preset value.

40. The controller according to claim 35, wherein the instructions further cause the
processor to:

obtain an intensity of a sensed sound detected through one of the sound detectors;

determine whether the intensity of the sensed sound is greater than an intensity threshold;

and
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determine that the sensed sound includes the target sound in response to determining that

the intensity of the sensed sound is greater than the intensity threshold.

41. The controller according to claim 40, wherein the instructions further cause the
processor to, in response to determining that the intensity of the sensed sound is not greater than
the intensity threshold:

perform a frequency-dependent intensity analysis on the sensed sound to obtain a signal-
to-noise ratio;

determine whether the signal-to-noise ratio is greater than a signal-to-noise threshold;

determine that the sensed sound includes the target sound in response to determining that
the signal-to-noise ratio is greater than the signal-to-noise threshold; and

determine that the sensed sound includes a noise in response to determining that the

signal-to-noise ratio is not greater than the signal-to-noise threshold.

42. The controller according to claim 36, wherein the instructions further cause the
processor to:
determine the target location according to the detector locations, the detection time points,

and a sound velocity.

43. The controller according to claim 42, wherein the instructions further cause the
processor to:
determine the target location according to a set of distance-velocity-time equations each

describing a relationship among;
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a first distance between a first one of the sound detectors and the target expressed
in terms of the detector location of the first one of the sound detectors and the target
location,

a second distance between a second one of the sound detectors and the target
expressed in terms of the detector location of the second one of the sound detectors and
the target location, and

a time difference between the detection time point of the first one of the sound

detectors and the detection time point of the second one of the sound detectors.

44, The controller according to claim 35, the instructions further cause the processor

obtain Euler angles of the target relative to the mobile platform based at least in part on

the target location.

45. The controller according to claim 44, wherein:
the mobile platform includes a gimbal carrying the sensor; and
the instructions further cause the processor to:
rotate at least one of the mobile platform, the sensor, or the gimbal based at least
in part on the Euler angles of the target to cause the sensor to point approximately toward

the target.

46. The controller according to claim 45, wherein the instructions further cause the

processor to:

finetune the at least one of the mobile platform, the sensor, or the gimbal to reduce

differences between Euler angles of an orientation of the sensor and the Euler angles of the target.
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47. The controller according to claim 46, wherein the instructions further cause the
processor to:

obtain measurement data about the target through the sensor;

obtain a finetune parameter according to the measurement data and the orientation of the
sensor; and

finetune the at least one of the mobile platform, the sensor, or the gimbal according to the

finetune parameter.

48. The controller according to claim 46, wherein:
the sensor includes a camera; and
the instructions further cause the processor to:
capture a target image of the target through the camera;
obtain a finetune parameter according to the target image and an orientation of the
camera; and
finetune the at least one of the mobile platform, the sensor, or the gimbal

according to the finetune parameter.

49. The controller according to claim 48, wherein:
the finetune parameter includes one or more sub-parameters describing differences

between Euler angles of the orientation of the sensor and the Euler angles of the target.

50. The controller according to claim 49, wherein the instructions further cause the
processor to:
obtain an orientation difference between a position of the target in the target image and

the orientation of the camera; and
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obtain the one or more sub-parameters according to the orientation difference.

51. The controller according to claim 50, wherein the instructions further cause the
processor to:

rotate the at least one of the mobile platform, the camera, or the gimbal according to the
one or more sub-parameters describing the differences between Euler angles of the orientation of
the sensor and the Euler angles of the target, such that the differences between Euler angles of

the orientation of the sensor and the Euler angles of the target are reduced.

52. The controller according to claim 45, wherein the instructions further cause the
processor to perform at least one of:

controlling a propelling system of the mobile platform to rotate the mobile platform,

controlling an electric motor coupled to the sensor to rotate the sensor, or

controlling an electric motor coupled to the gimbal to rotate the gimbal.

53. The controller according to claim 45, wherein:
the Euler angles of the target include at least one of a pitch angle, a roll angle, or a yaw
angle of the target relative to the mobile platform, and

the instructions further cause the processor to perform at least one of:

rotating the at least one of the mobile platform, the sensor, or the gimbal
according to the pitch angle of the target,

rotating the at least one of the mobile platform, the sensor, or the gimbal
according to the roll rotation angle of the target, or

rotating the at least one of the mobile platform, the sensor, or the gimbal

according to the yaw angle of the target.
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54. The controller according to claim 45, wherein:

the Euler angles of the target include at least one of a pitch angle, a roll angle, or a yaw

angle of the target relative to the mobile platform;

the gimbal includes at least one of a pitch shaft, a yaw shaft, or a roll shaft; and
the instructions further cause the processor to:

rotate the at least one of the pitch shaft, the yaw shaft, or the roll shaft of the
gimbal according to the at least one of the pitch angle, the roll angle, or the yaw angle of

the target relative to the mobile platform.

55. The controller according to claim 45, wherein:
the sensor includes a camera, and
the instructions further cause the processor to:

rotate the at least one of the mobile platform, the sensor, or the gimbal according to the

Euler angles of the target to cause the camera to point approximately toward the target.

to:

56. The controller according to claim 45, wherein:
the sensor includes a camera; and
the instructions further cause the processor to:
in response to a sound instruction included in the target sound, rotate the at least
one of the mobile platform, the sensor, or the gimbal according to the Euler angles of the

target to cause the camera to point approximately toward the target.

57. The controller according to claim 56, the instructions further cause the processor

control the camera to capture an image.
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58. The controller according to claim 44, wherein:
the mobile platform includes a gimbal carrying at least one of the sound detectors; and
the instructions further cause the processor to:

rotate at least one of the mobile platform, the at least one of the sound detectors,
or the gimbal based at least in part on the Euler angles of the target to cause the at least

one of the sound detectors to point approximately toward the target.

59. The controller according to claim 58, wherein the instructions further cause the
processor to:

finetune the at least one of the mobile platform, the at least one of the sound detectors, or
the gimbal to reduce differences between Euler angles of an orientation of the at least one sound

detectors and the Euler angles of the target.

60. The controller according to claim 44, the instructions further cause the processor
to:

determine at least one of the sound detectors that detects the target sound with a higher
intensity than other one or more of the sound detectors; and

select the at least one of the sound detectors as at least one channel to record an

additional sound from the target.

61. The controller according to claim 44, the instructions further cause the processor
to:
determine at least one of the sound detectors that detects a sensed sound with a higher

signal-to-noise ratio than other one or more of the sound detectors; and
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select the at least one of the sound detectors as at least one channel to record an

additional sound from the target.

62. The controller according to claim 60 or 61, wherein:
the at least one of the sound detectors include two of the sound detectors;
the sensor includes a camera; and
the instructions further cause the processor to:
select the two of the sound detectors as two channels to record the additional

sound to integrate into a video taken by the camera.

63. The controller according to claim 60 or 61, wherein:
the mobile platform includes a gimbal carrying at least one of the sound detectors; and
the instructions further cause the processor to:

rotate at least one of the mobile platform, the at least one of the sound detectors,
or the gimbal based at least in part on the Euler angles of the target to cause the at least

one of the sound detectors to point approximately toward the target.

64. The controller according to claim 35, the instructions further cause the processor
to:
move or rotate one or more of the sound detectors with respect to the mobile platform to

increase intensities of the target sounds detected through the one or more of the sound detectors.

65. The controller according to claim 64, wherein the instructions further cause the

processor to:
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move or rotate the one or more of the sound detectors with respect to the mobile platform
to reduce wind noise detected through the one or more of the sound detectors, such that the

intensities of the target sounds detected by the one or more of the sound detectors are increased.

66. The controller according to claim 35, the instructions further cause the processor
to:

move or rotate one or more of the sound detectors with respect to the mobile platform to
increase signal-to-noise ratios of sensed sounds detected by the one or more of the sound

detectors.

67. The controller according to claim 66, wherein the instructions further cause the
processor to:

move or rotate the one or more of the sound detectors with respect to the mobile platform
to reduce wind noise detected by the one or more of the sound detectors, such that the signal-to-

noise ratios of sensed sounds detected by the one or more of the sound detectors are increased.

68. The controller according to claim 35, wherein the mobile platform includes one of

a handheld platform including a gimbal or a ground-based mobile vehicle including a gimbal.

69. A mobile platform comprising;

a sensor carried by a main body of the mobile platform;

a plurality of sound detectors carried by the main body of the mobile platform;

a processor; and

a memory storing instructions that, when executed by the processor, cause the processor
to:

detect a target sound from a target through the plurality of sound detectors;
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determine a target location of the target according to the target sound detected
through the plurality of sound detectors; and

control the mobile platform based at least in part on the target location.
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