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AUDIO PROCESSING METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 2018109500881,

filed with the Chinese Patent Office on August 20, 2018 and entitled "AUDIO PROCESSING

METHOD AND APPARATUS", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD5

[0002] This application relates to sound processing technologies, and in particular, to an audio

processing method and apparatus.

BACKGROUND

[0003] With the rapid development of high-performance computers and signal processing

technologies, a virtual reality technology has attracted growing attention. An immersive virtual10

reality system requires not only a stunning visual effect but also a realistic auditory effect. Audio-

visual fusion can greatly improve experience of virtual reality. A core of virtual reality audio is a

three-dimensional audio technology. Currently, there are a plurality of playback methods (for

example, a multi-channel-based method and an object-based method) for implementing three-

dimensional audio. However, on an existing virtual reality device, binaural playback based on a15

multi-channel headset is most commonly used.

[0004] The binaural playback based on a multi-channel headset is mainly implemented by

using a head-related transfer function (Head Related Transfer Function, HRTF for short). The

HRTF indicates impact of scattering, reflection, and refraction of the head, the trunk, and an auricle

during transmission of a sound wave generated by a sound source to an ear canal. When it is20

assumed that the sound source is at a position, an audio signal receive end convolves a

corresponding HRTF from the position to a head center position of a listener with an audio signal

sent by the sound source. A sweet spot of an obtained processed audio signal is the head center

position of the listener. In other words, the processed audio signal that is transmitted to the head

center position of the listener is an optimal audio signal.25

[0005] However, positions of two ears of the listener are not equivalent to the head center
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position of the listener. Therefore, the foregoing obtained processed audio signal that is transmitted

to the two ears of the listener is not an optimal audio signal. In other words, quality of an audio

signal output by the audio signal receive end is not high.

SUMMARY

[0006] Embodiments of this application provide an audio processing method and apparatus, to5

improve quality of an audio signal output by an audio signal receive end.

[0007] According to a first aspect, an embodiment of this application provides an audio

processing method, including:

obtaining M first audio signals by processing a to-be-processed audio signal by M first

virtual speakers, and N second audio signals by processing the to-be-processed audio signal by N10

second virtual speakers, where the M first virtual speakers are in a one-to-one correspondence with

the M first audio signals, the N second virtual speakers are in a one-to-one correspondence with

the N second audio signals, and M and N are positive integers;

obtaining M first head-related transfer functions HRTFs and N second HRTFs, where

all the M first HRTFs are centered at a left ear position, all the N second HRTFs are centered at a15

right ear position, the M first HRTFs are in a one-to-one correspondence with the M first virtual

speakers, and the N second HRTFs are in a one-to-one correspondence with the N second virtual

speakers; and

obtaining a first target audio signal based on the M first audio signals and the M first

HRTFs, and obtaining a second target audio signal based on the N second audio signals and the N20

second HRTFs.

[0008] In the solution, the first target audio signal that is transmitted to the left ear is obtained

based on the M first audio signals and the M first HRTFs that are centered at the left ear position,

so that a signal that is transmitted to the left ear position is optimal. In addition, the second target

audio signal that is transmitted to the right ear is obtained based on the N second audio signals and25

the N second HRTFs that are centered at the right ear position, so that a signal that is transmitted

to the right ear position is optimal. Therefore, quality of an audio signal output by an audio signal

receive end is improved.

[0009] Optionally, the obtaining a first target audio signal based on the M first audio signals
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and the M first HRTFs in the foregoing solution includes: convolving each of the M first audio

signals with a corresponding first HRTF, to obtain M first convolved audio signals; and obtaining

the first target audio signal based on the M first convolved audio signals.

[0010] Optionally, the obtaining a second target audio signal based on the N second audio

signals and the N second HRTFs in the foregoing solution includes: convolving each of the N5

second audio signals with a corresponding second HRTF, to obtain N second convolved audio

signals; and obtaining the second target audio signal based on the N second convolved audio

signals.

[0011] Specifically, the obtaining M first HRTFs may be performed in the following several

implementations:10

[0012] In an implementation, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining M first HRTFs includes:

obtaining M first positions of the M first virtual speakers relative to the current left ear

position; and

determining, based on the M first positions and the correspondences, that M HRTFs15

corresponding to the M first positions are the M first HRTFs.

[0013] In this implementation, the obtained M first HRTFs corresponding to the M virtual

speakers are M HRTFs that are centered at the left ear position and that are obtained through actual

measurement. The M first HRTFs can best represent HRTFs to which the M first audio signals

correspond when the M first audio signals are transmitted to the current left ear position. In this20

way, a signal that is transmitted to the left ear position is optimal.

[0014] In another implementation, correspondences between a plurality of preset positions and

a plurality of HRTFs are prestored, and the obtaining N second HRTFs includes:

obtaining N second positions of the N second virtual speakers relative to the current

right ear position; and25

determining, based on the N second positions and the correspondences, that N HRTFs

corresponding to the N second positions are the N second HRTFs.

[0015] In this implementation, the M first HRTFs are converted from HRTFs centered at a

head center, and efficiency of obtaining the first HRTFs is comparatively high.

[0016] In another implementation, correspondences between a plurality of preset positions and30

a plurality of HRTFs are prestored, and the obtaining M first HRTFs includes:
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obtaining M third positions of the M first virtual speakers relative to a current head

center, where the third position includes a first azimuth and a first elevation of the first virtual

speaker relative to the current head center, and includes a first distance between the current head

center and the first virtual speaker;

determining M fourth positions based on the M third positions, where the M third5

positions are in a one-to-one correspondence with the M fourth positions, one fourth position and

a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one fourth position and a first value is a first azimuth included

in the corresponding third position; and the first value is a difference between a first included angle

and a second included angle, the first included angle is an included angle between a first straight10

line and a first plane, the second included angle is an included angle between a second straight line

and the first plane, the first straight line is a straight line that passes through the current left ear

and a coordinate origin of a three-dimensional coordinate system, the second straight line is a

straight line that passes through the current head center and the coordinate origin, and the first

plane is a plane constituted by an X axis and a Z axis of the three-dimensional coordinate system;15

and

determining, based on the M fourth positions and the correspondences, that M HRTFs

corresponding to the M fourth positions are the M first HRTFs.

[0017] In this embodiment, the M first HRTFs are converted from HRTFs centered at the head

center, and during obtaining of the fourth positions, a size of the head of a current listener is not20

considered. This further improves efficiency of obtaining the first HRTFs.

[0018] Specifically, the obtaining N second HRTFs may be performed in the following several

implementations:

[0019] In another implementation, correspondences between a plurality of preset positions and

a plurality of HRTFs are prestored, and the obtaining N second HRTFs includes:25

obtaining N fifth positions of the N second virtual speakers relative to the current head

center, where the fifth position includes a second azimuth and a second elevation of the second

virtual speaker relative to the current head center, and includes a second distance between the

current head center and the second virtual speaker;

determining N sixth positions based on the N fifth positions, where the N fifth positions30

are in a one-to-one correspondence with the N sixth positions, one sixth position and a
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corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one sixth position and a second value is a second azimuth included in the

corresponding fifth position; and the second value is a difference between a third included angle

and a second included angle, the second included angle is an included angle between a second

straight line and a first plane, the third included angle is an included angle between a third straight5

line and the first plane, the second straight line is the straight line that passes through the current

head center and the coordinate origin, the third straight line is a straight line that passes through

the current right ear and the coordinate origin, and the first plane is the plane constituted by the X

axis and the Z axis of the three-dimensional coordinate system; and

determining, based on the N sixth positions and the correspondences, that N HRTFs10

corresponding to the N sixth positions are the N second HRTFs.

[0020] In this implementation, the N second HRTFs are N HRTFs that are centered at the right

ear position and that are obtained through actual measurement. The obtained N second HRTFs can

best represent HRTFs to which the N second audio signals correspond when the N second audio

signals are transmitted to the current right ear position of the listener. In this way, a signal that is15

transmitted to the right ear position is optimal.

[0021] In another implementation, correspondences between a plurality of preset positions and

a plurality of HRTFs are prestored, and the obtaining M first HRTFs includes:

obtaining M third positions of the M first virtual speakers relative to a current head

center, where the third position includes a first azimuth and a first elevation of the first virtual20

speaker relative to the current head center, and includes a first distance between the current head

center and the first virtual speaker;

determining M seventh positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M seventh positions, one seventh position

and a corresponding third position include a same elevation and a same distance, and a difference25

between an azimuth included in the one seventh position and a first preset value is a first azimuth

included in the corresponding third position; and

determining, based on the M seventh positions and the correspondences, that M HRTFs

corresponding to the M seventh positions are the M first HRTFs.

[0022] In this implementation, the N second HRTFs are converted from HRTFs centered at the30

head center, and efficiency of obtaining the second HRTFs is comparatively high.
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[0023] In another implementation, correspondences between a plurality of preset positions and

a plurality of HRTFs are prestored, and the obtaining N second HRTFs includes:

obtaining N fifth positions of the N second virtual speakers relative to the current head

center, where the fifth position includes a second azimuth and a second elevation of the second

virtual speaker relative to the current head center, and includes a second distance between the5

current head center and the second virtual speaker;

determining N eighth positions based on the N fifth positions, where the N fifth

positions are in a one-to-one correspondence with the N eighth positions, one eighth position and

a corresponding fifth position include a same elevation and a same distance, and a sum of an

azimuth included in the one eighth position and the first preset value is a second azimuth included10

in the corresponding fifth position; and

determining, based on the N eighth positions and the correspondences, that N HRTFs

corresponding to the N eighth positions are the N second HRTFs.

[0024] In this implementation, the N second HRTFs are converted from HRTFs centered at the

head center, and during obtaining of the eighth positions, a size of the head of the current listener15

is not considered. This further improves efficiency of obtaining the second HRTFs.

[0025] In a possible design, before the obtaining M first audio signals by processing a to-be-

processed audio signal by M first virtual speakers, the method further includes:

obtaining a target virtual speaker group, where the target virtual speaker group includes

M target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence20

with the M first virtual speakers; and

determining M tenth positions of the M first virtual speakers relative to the coordinate

origin of the three-dimensional coordinate system based on M ninth positions of the M target

virtual speakers relative to the coordinate origin, where the M ninth positions are in a one-to-one

correspondence with the M tenth positions, one tenth position and a corresponding ninth position25

include a same elevation and a same distance, and a difference between an azimuth included in the

one tenth position and a second preset value is an azimuth included in the corresponding ninth

position.

[0026] The obtaining M first audio signals by processing a to-be-processed audio signal by M

first virtual speakers includes: processing the to-be-processed audio signal based on the M tenth30

positions, to obtain the M first audio signals.
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[0027] In this implementation, one target virtual speaker group is virtually placed, the M first

virtual speakers corresponding to the left ear are converted from the target virtual speaker group.

In this way, overall efficiency of placing the virtual speakers is high.

[0028] In a possible design, M = N, and before the obtaining N second audio signals by

processing the to-be-processed audio signal by N second virtual speakers, the method further5

includes:

obtaining a target virtual speaker group, where the target virtual speaker group includes

M target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence

with the N second virtual speakers; and

determining N eleventh positions of the N second virtual speakers relative to the10

coordinate origin of the three-dimensional coordinate system based on the M ninth positions of the

M target virtual speakers relative to the coordinate origin, where the M ninth positions are in a

one-to-one correspondence with the N eleventh positions, one eleventh position and a

corresponding ninth position include a same elevation and a same distance, and a sum of an

azimuth included in the one eleventh position and a second preset value is an azimuth included in15

the corresponding ninth position.

[0029] The obtaining N second audio signals by processing the to-be-processed audio signal

by N second virtual speakers includes:

processing the to-be-processed audio signal based on the N eleventh positions, to obtain

the N second audio signals.20

[0030] In this implementation, one target virtual speaker group is placed, the N second virtual

speakers corresponding to the right ear are converted from the target virtual speaker group. In this

way, overall efficiency of placing the virtual speakers is high.

[0031] In a possible design, the M first virtual speakers are speakers in a first speaker group,

the N second virtual speakers are speakers in a second speaker group, and the first speaker group25

and the second speaker group are two independent speaker groups; or

the M first virtual speakers are speakers in a first speaker group, the N second virtual

speakers are speakers in a second speaker group, and the first speaker group and the second speaker

group are a same speaker group, where M = N.

[0032] According to a second aspect, an embodiment of this application provides an audio30

processing apparatus, including:
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a processing module, configured to obtain M first audio signals by processing a to-be-

processed audio signal by M first virtual speakers, and N second audio signals by processing the

to-be-processed audio signal by N second virtual speakers, where the M first virtual speakers are

in a one-to-one correspondence with the M first audio signals, the N second virtual speakers are

in a one-to-one correspondence with the N second audio signals, and M and N are positive integers;5

and

an obtaining module, configured to obtain M first head-related transfer functions

HRTFs and N second HRTFs, where all the M first HRTFs are centered at a left ear position, all

the N second HRTFs are centered at a right ear position, the M first HRTFs are in a one-to-one

correspondence with the M first virtual speakers, and the N second HRTFs are in a one-to-one10

correspondence with the N second virtual speakers.

[0033] The obtaining module is further configured to: obtain a first target audio signal based

on the M first audio signals and the M first HRTFs, and obtain a second target audio signal based

on the N second audio signals and the N second HRTFs.

[0034] In a possible design, the obtaining module is specifically configured to:15

convolve each of the M first audio signals with a corresponding first HRTF, to obtain

M first convolved audio signals; and

obtain the first target audio signal based on the M first convolved audio signals.

[0035] In a possible design, the obtaining module is specifically configured to:

convolve each of the N second audio signals with a corresponding second HRTF, to20

obtain N second convolved audio signals; and

obtain the second target audio signal based on the N second convolved audio signals.

[0036] In a possible design, the obtaining module is specifically configured to:

obtain M first positions of the M first virtual speakers relative to the current left ear

position; and25

determine, based on the M first positions and correspondences, that M HRTFs

corresponding to the M first positions are the M first HRTFs, where the correspondences are

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0037] In a possible design, the obtaining module is specifically configured to:

obtain N second positions of the N second virtual speakers relative to the current right30

ear position; and
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determine, based on the N second positions and correspondences, that N HRTFs

corresponding to the N second positions are the N second HRTFs, where the correspondences are

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0038] In a possible design, the obtaining module is specifically configured to:

obtain M third positions of the M first virtual speakers relative to a current head center,5

where the third position includes a first azimuth and a first elevation of the first virtual speaker

relative to the current head center, and includes a first distance between the current head center

and the first virtual speaker;

determine M fourth positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M fourth positions, one fourth position and10

a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one fourth position and a first value is a first azimuth included

in the corresponding third position; and the first value is a difference between a first included angle

and a second included angle, the first included angle is an included angle between a first straight

line and a first plane, the second included angle is an included angle between a second straight line15

and the first plane, the first straight line is a straight line that passes through the current left ear

and a coordinate origin of a three-dimensional coordinate system, the second straight line is a

straight line that passes through the current head center and the coordinate origin, and the first

plane is a plane constituted by an X axis and a Z axis of the three-dimensional coordinate system;

and20

determine, based on the M fourth positions and correspondences, that M HRTFs

corresponding to the M fourth positions are the M first HRTFs, where the correspondences are

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0039] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module is specifically configured to:25

obtain N fifth positions of the N second virtual speakers relative to the current head

center, where the fifth position includes a second azimuth and a second elevation of the second

virtual speaker relative to the current head center, and includes a second distance between the

current head center and the second virtual speaker;

determine N sixth positions based on the N fifth positions, where the N fifth positions30

are in a one-to-one correspondence with the N sixth positions, one sixth position and a
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corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one sixth position and a second value is a second azimuth included in the

corresponding fifth position; and the second value is a difference between a third included angle

and a second included angle, the second included angle is an included angle between a second

straight line and a first plane, the third included angle is an included angle between a third straight5

line and the first plane, the second straight line is the straight line that passes through the current

head center and the coordinate origin, the third straight line is a straight line that passes through

the current right ear and the coordinate origin, and the first plane is the plane constituted by the X

axis and the Z axis of the three-dimensional coordinate system; and

determine, based on the N sixth positions and correspondences, that N HRTFs10

corresponding to the N sixth positions are the N second HRTFs, where the correspondences are

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0040] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module is specifically configured to:

obtain M third positions of the M first virtual speakers relative to a current head center,15

where the third position includes a first azimuth and a first elevation of the first virtual speaker

relative to the current head center, and includes a first distance between the current head center

and the first virtual speaker;

determine M seventh positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M seventh positions, one seventh position20

and a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one seventh position and a first preset value is a first azimuth

included in the corresponding third position; and

determine, based on the M seventh positions and correspondences, that M HRTFs

corresponding to the M seventh positions are the M first HRTFs, where the correspondences are25

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0041] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module is specifically configured to:

obtain N fifth positions of the N second virtual speakers relative to the current head

center, where the fifth position includes a second azimuth and a second elevation of the second30

virtual speaker relative to the current head center, and includes a second distance between the
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current head center and the second virtual speaker;

determine N eighth positions based on the N fifth positions, where the N fifth positions

are in a one-to-one correspondence with the N eighth positions, one eighth position and a

corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one eighth position and the first preset value is a second azimuth included in the5

corresponding fifth position; and

determine, based on the N eighth positions and correspondences, that N HRTFs

corresponding to the N eighth positions are the N second HRTFs, where the correspondences are

prestored correspondences between a plurality of preset positions and a plurality of HRTFs.

[0042] In a possible design, before the M first audio signals are obtained by processing the to-10

be-processed audio signal by the M first virtual speakers, the obtaining module is further

configured to:

obtain a target virtual speaker group, where the target virtual speaker group includes M

target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence with

the M first virtual speakers; and15

determine M tenth positions of the M first virtual speakers relative to the coordinate

origin of the three-dimensional coordinate system based on M ninth positions of the M target

virtual speakers relative to the coordinate origin, where the M ninth positions are in a one-to-one

correspondence with the M tenth positions, one tenth position and a corresponding ninth position

include a same elevation and a same distance, and a difference between an azimuth included in the20

one tenth position and a second preset value is an azimuth included in the corresponding ninth

position.

[0043] The processing module is specifically configured to process the to-be-processed audio

signal based on the M tenth positions, to obtain the M first audio signals.

[0044] In a possible design, M = N, and before the N second audio signals are obtained by25

processing the to-be-processed audio signal by the N second virtual speakers, the obtaining module

is further configured to:

obtain a target virtual speaker group, where the target virtual speaker group includes M

target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence with

the N second virtual speakers; and30

determine N eleventh positions of the N second virtual speakers relative to the
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coordinate origin of the three-dimensional coordinate system based on the M ninth positions of the

M target virtual speakers relative to the coordinate origin, where the M ninth positions are in a

one-to-one correspondence with the N eleventh positions, one eleventh position and a

corresponding ninth position include a same elevation and a same distance, and a sum of an

azimuth included in the one eleventh position and a second preset value is an azimuth included in5

the corresponding ninth position.

[0045] The processing module is specifically configured to process the to-be-processed audio

signal based on the N eleventh positions, to obtain the N second audio signals.

[0046] In a possible design, the M first virtual speakers are speakers in a first speaker group,

the N second virtual speakers are speakers in a second speaker group, and the first speaker group10

and the second speaker group are two independent speaker groups; or

the M first virtual speakers are speakers in a first speaker group, the N second virtual

speakers are speakers in a second speaker group, and the first speaker group and the second speaker

group are a same speaker group, where M = N.

[0047] According to a third aspect, an embodiment of this application provides an audio15

processing apparatus, including a processor.

[0048] The processor is configured to: be coupled to a memory, and read and execute an

instruction in the memory, to implement the method according to any one of the possible designs

of the first aspect.

[0049] In a possible design, the memory is further included.20

[0050] According to a fourth aspect, an embodiment of this application provides a readable

storage medium. The readable storage medium stores a computer program, and when the computer

program is executed, the method according to any one of the possible designs of the first aspect is

implemented.

[0051] According to a fifth aspect, an embodiment of this application provides a computer25

program product. When the computer program is executed, the method according to any one of

the possible designs of the first aspect is implemented.

[0052] In this application, the first target audio signal that is transmitted to the left ear is

obtained based on the M first audio signals and the M first HRTFs centered at the left ear position,

so that a signal that is transmitted to the left ear position is optimal. In addition, the second target30

audio signal that is transmitted to the right ear is obtained based on the N second audio signals and
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the N second HRTFs centered at the right ear position, so that a signal that is transmitted to the

right ear position is optimal. Therefore, quality of an audio signal output by the audio signal receive

end is improved.

BRIEF DESCRIPTION OF DRAWINGS

[0053] FIG. 1 is a schematic structural diagram of an audio signal system according to an5

embodiment of this application;

[0054] FIG. 2 is a diagram of a system architecture according to an embodiment of this

application;

[0055] FIG. 3 is a structural block diagram of an audio signal receiving apparatus according

to an embodiment of this application;10

[0056] FIG. 4 is a flowchart 1 of an audio processing method according to an embodiment of

this application;

[0057] FIG. 5 is a diagram of a measurement scenario in which an HRTF is measured by using

a head center as a center according to an embodiment of this application;

[0058] FIG. 6 is a flowchart 2 of an audio processing method according to an embodiment of15

this application;

[0059] FIG. 7 is a diagram of a measurement scenario in which an HRTF is measured by using

a left ear position as a center according to an embodiment of this application;

[0060] FIG. 8 is a flowchart 3 of an audio processing method according to an embodiment of

this application;20

[0061] FIG. 9 is a flowchart 4 of an audio processing method according to an embodiment of

this application;

[0062] FIG. 10 is a flowchart 5 of an audio processing method according to an embodiment of

this application;

[0063] FIG. 11 is a diagram of a measurement scenario in which an HRTF is measured by25

using a right ear position as a center according to an embodiment of this application;

[0064] FIG. 12 is a flowchart 6 of an audio processing method according to an embodiment of

this application;

[0065] FIG. 13 is a flowchart 7 of an audio processing method according to an embodiment of
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this application;

[0066] FIG. 14 is a flowchart 8 of an audio processing method according to an embodiment of

this application;

[0067] FIG. 15 is a flowchart 9 of an audio processing method according to an embodiment of

this application;5

[0068] FIG. 16 is a spectrum diagram of a difference, in the conventional technology, between

a rendering spectrum of a rendering signal corresponding to a left ear position and a theoretical

spectrum corresponding to the left ear position;

[0069] FIG. 17 is a spectrum diagram of a difference, in the conventional technology, between

a rendering spectrum of a rendering signal corresponding to a right ear position and a theoretical10

spectrum corresponding to the right ear position;

[0070] FIG. 18 is a spectrum diagram of a difference, in a method according to an embodiment

of this application, between a rendering spectrum of a rendering signal corresponding to a left ear

position and a theoretical spectrum corresponding to the left ear position;

[0071] FIG. 19 is a spectrum diagram of a difference, in a method according to an embodiment15

of this application, between a rendering spectrum of a rendering signal corresponding to a right

ear position and a theoretical spectrum corresponding to the right ear position; and

[0072] FIG. 20 is a schematic structural diagram of an audio processing apparatus according

to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS20

[0073] Related technical terms in this application are first explained:

[0074] Head-related transfer function (Head Related Transfer Function, HRTF for short): A

sound wave sent by a sound source reaches two ears after being scattered by the head, an auricle,

the trunk, and the like. A physical process of transmitting the sound wave from the sound source

to the two ears may be considered as a linear time-invariant acoustic filtering system, and features25

of the process may be described by using the HRTF. In other words, the HRTF describes the

process of transmitting the sound wave from the sound source to the two ears. A more vivid

explanation is as follows: If an audio signal sent by the sound source is X, and a corresponding

audio signal after the audio signal X is transmitted to a preset position is Y, X * Z = Y (convolution
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of X and Z is equal to Y), where Z is the HRTF.

[0075] In the embodiments, a preset position in correspondences between a plurality of preset

positions and a plurality of HRTFs may be a position relative to a left ear position. In this case, the

plurality of HRTFs are a plurality of HRTFs centered at the left ear position. Alternatively, in the

embodiments, a preset position in correspondences between a plurality of preset positions and a5

plurality of HRTFs may be a position relative to a right ear position. In this case, the plurality of

HRTFs are a plurality of HRTFs centered at the right ear position. Alternatively, in the

embodiments, a preset position in correspondences between a plurality of preset positions and a

plurality of HRTFs may be a position relative to a head center position. In this case, the plurality

of HRTFs are a plurality of HRTFs centered at the head center.10

[0076] FIG. 1 is a schematic structural diagram of an audio signal system according to an

embodiment of this application. The audio signal system includes an audio signal transmit end 11

and an audio signal receive end 12.

[0077] The audio signal transmit end 11 is configured to collect and encode a signal sent by a

sound source, to obtain an audio signal encoded bitstream. After obtaining the audio signal15

encoded bitstream, the audio signal receive end 12 decodes the audio signal encoded bitstream, to

obtain a decoded audio signal; and then renders the decoded audio signal to obtain a rendered

audio signal.

[0078] Optionally, the audio signal transmit end 11 may be connected to the audio signal

receive end 12 in a wired or wireless manner.20

[0079] FIG. 2 is a diagram of a system architecture according to an embodiment of this

application. As shown in FIG. 2, the system architecture includes a mobile terminal 130 and a

mobile terminal 140. The mobile terminal 130 may be an audio signal transmit end, and the mobile

terminal 140 may be an audio signal receive end.

[0080] The mobile terminal 130 and the mobile terminal 140 may be electronic devices that25

are independent of each other and that have an audio signal processing capability. For example,

the mobile terminal 130 and the mobile terminal 140 may be mobile phones, wearable devices,

virtual reality (virtual reality, VR) devices, augmented reality (augmented reality, AR) devices, or

the like. The mobile terminal 130 is connected to the mobile terminal 140 through a wireless or

wired network.30

[0081] Optionally, the mobile terminal 130 may include a collection component 131, an
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encoding component 110, and a channel encoding component 132. The collection component 131 

is connected to the encoding component 110, and the encoding component 110 is connected to the 

channel encoding component 132. 

[0082] Optionally, the mobile terminal 140 may include an audio playing component 141, a 

decoding and rendering component 120, and a channel decoding component 142. The audio 5 

playing component 141 is connected to the decoding and rendering component 120, and the 

decoding and rendering component 120 is connected to the channel decoding component 142. 

[0083] After collecting an audio signal through the collection component 131, the mobile 

terminal 130 encodes the audio signal through the encoding component 110, to obtain an audio 

signal encoded bitstream; and then encodes the audio signal encoded bitstream through the channel 10 

encoding component 132, to obtain a transmission signal. 

[0084] The mobile terminal 130 sends the transmission signal to the mobile terminal 140 

through the wireless or wired network. 

[0085] After receiving the transmission signal, the mobile terminal 140 decodes the 

transmission signal through the channel decoding component 142, to obtain the audio signal 15 

encoded bitstream; decodes the audio signal encoded bitstream through the decoding and rendering 

component 120, to obtain a to-be-processed audio signal, and renders the to-be-processed audio 

signal through the decoding and rendering component 120, to obtain a rendered audio signal; and 

plays the rendered audio signal through the audio playing component 141. It may be understood 

that the mobile terminal 130 may alternatively include the components included in the mobile 20 

terminal 140, and the mobile terminal 140 may alternatively include the components included in 

the mobile terminal 130. 

[0086] In addition, the mobile terminal 140 may further include an audio playing component, 

a decoding component, a rendering component, and a channel decoding component. The channel 

decoding component is connected to the decoding component, the decoding component is 25 

connected to the rendering component, and the rendering component is connected to the audio 

playing component. In this case, after receiving the transmission signal, the mobile terminal 140 

decodes the transmission signal through the channel decoding component, to obtain the audio 

signal encoded bitstream; decodes the audio signal encoded bitstream through the decoding 

component, to obtain a to-be-processed audio signal; renders the to-be-processed audio signal 30 

through the rendering component, to obtain a rendered audio signal; and plays the rendered audio 
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signal through the audio playing component. 

[0087] FIG. 3 is a structural block diagram of an audio signal receiving apparatus according 

to an embodiment of this application. Referring to FIG. 3, an audio signal receiving apparatus 20 

in this embodiment of this application may include at least one processor 21, a memory 22, at least 

one communications bus 23, a receiver 24, and a transmitter 25. The communications bus 203 is 5 

used for connection and communication between the processor 21, the memory 22, the receiver 

24, and the transmitter 25. The processor 21 may include a signal decoding component 211, a 

decoding component 212, and a rendering component 213. 

[0088] Specifically, the memory 22 may be any one or any combination of the following 

storage media: a solid-state drive (Solid State Drives, SSD), a mechanical hard disk, a magnetic 10 

disk, a magnetic disk array, or the like, and can provide an instruction and data for the processor 

21. 

[0089] The memory 22 is configured to store the following data: correspondences between a 

plurality of preset positions and a plurality of HRTFs: (1) a plurality of positions relative to a left 

ear position, and HRTFs that are centered at the left ear position and that correspond to the 15 

positions relative to the left ear position; (2) a plurality of positions relative to a right ear position, 

and HRTFs that are centered at the right ear position and that correspond to the positions relative 

to the right ear position; (3) a plurality of positions relative to a head center, and HRTFs that are 

centered at the head center and that correspond to the positions relative to the head center. 

[0090] Optionally, the memory 22 is further configured to store the following elements: an 20 

operating system and an application program module. 

[0091] The operating system may include various system programs, and is configured to 

implement various basic services and process a hardware-based task. The application program 

module may include various application programs, and is configured to implement various 

application services. 25 

[0092] The processor 21 may be a central processing unit (CPU), a general-purpose processor, 

a digital signal processor (DSP), an application-specific integrated circuit (ASIC), a field 

programmable gate array (FPGA) or another programmable logic device, a transistor logic device, 

a hardware component, or any combination thereof. The processor may implement or execute 

various example logical blocks, modules, and circuits described with reference to content disclosed 30 

in this application. The processor may alternatively be a combination of processors implementing 
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a computing function, for example, a combination of one or more microprocessors or a

combination of a DSP and a microprocessor. The general-purpose processor may be a

microprocessor, or the processor may be any conventional processor or the like.

[0093] The receiver 24 is configured to receive an audio signal from an audio signal sending

apparatus.5

[0094] The processor may invoke a program or the instruction and data stored in the memory

22, to perform the following steps: performing channel decoding on the received audio signal to

obtain an audio signal encoded bitstream (this step may be implemented by a channel decoding

component of the processor); and further decoding the audio signal encoded bitstream (this step

may be implemented by a decoding component of the processor), to obtain a to-be-processed audio10

signal.

[0095] After obtaining the to-be-processed signal, the processor 21 is configured to: obtain M

first audio signals by processing the to-be-processed audio signal by M first virtual speakers, and

N second audio signals by processing the to-be-processed audio signal by N second virtual

speakers, where the M first virtual speakers are in a one-to-one correspondence with the M first15

audio signals, the N second virtual speakers are in a one-to-one correspondence with the N second

audio signals, and M and N are positive integers;

obtain M first head-related transfer functions HRTFs and N second HRTFs, where all

the M first HRTFs are centered at a left ear position, all the N second HRTFs are centered at a right

ear position, the M first HRTFs are in a one-to-one correspondence with the M first virtual speakers,20

and the N second HRTFs are in a one-to-one correspondence with the N second virtual speakers;

and

obtain a first target audio signal based on the M first audio signals and the M first

HRTFs, and obtaining a second target audio signal based on the N second audio signals and the N

second HRTFs.25

[0096] The M first virtual speakers are speakers in a first speaker group, the N second virtual

speakers are speakers in a second speaker group, and the first speaker group and the second speaker

group are two independent speaker groups; or the M first virtual speakers are speakers in a first

speaker group, the N second virtual speakers are speakers in a second speaker group, and the first

speaker group and the second speaker group are a same speaker group, where M = N.30

[0097] The processor 21 is specifically configured to: convolve each of the M first audio
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signals with a corresponding first HRTF, to obtain M first convolved audio signals; and obtain the

first target audio signal based on the M first convolved audio signals.

[0098] The processor 21 is further specifically configured to: convolve each of the N second

audio signals with a corresponding second HRTF, to obtain N second convolved audio signals; and

obtain the second target audio signal based on the N second convolved audio signals.5

[0099] The processor 21 is further specifically configured to: obtain M first positions of the M

first virtual speakers relative to the current left ear position; and determine, based on the M first

positions and first correspondences stored in the memory 22, that M HRTFs corresponding to the

M first positions are the M first HRTFs. The first correspondences include correspondences

between a plurality of positions relative to the left ear position, and a plurality of HRTFs that are10

centered at the left ear position and that correspond to the positions relative to the left ear position.

[0100] The processor 21 is further specifically configured to: obtain N second positions of the

N second virtual speakers relative to the current right ear position; and determine, based on the N

second positions and second correspondences stored in the memory 22, that N HRTFs

corresponding to the N second positions are the N second HRTFs. The second correspondences15

include correspondences between a plurality of positions relative to the right ear position, and a

plurality of HRTFs that are centered at the right ear position and that correspond to the positions

relative to the right ear position.

[0101] The processor 21 is further specifically configured to: obtain M third positions of the

M first virtual speakers relative to a current head center, where the third position includes a first20

azimuth and a first elevation of the first virtual speaker relative to the current head center, and

includes a first distance between the current head center and the first virtual speaker;

determine M fourth positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M fourth positions, one fourth position and

a corresponding third position include a same elevation and a same distance, and a difference25

between an azimuth included in the one fourth position and a first value is a first azimuth included

in the corresponding third position; and the first value is a difference between a first included angle

and a second included angle, the first included angle is an included angle between a first straight

line and a first plane, the second included angle is an included angle between a second straight line

and the first plane, the first straight line is a straight line that passes through the current left ear30

and a coordinate origin of a three-dimensional coordinate system, the second straight line is a
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straight line that passes through the current head center and the coordinate origin, and the first

plane is a plane constituted by an X axis and a Z axis of the three-dimensional coordinate system;

and

determine, based on the M fourth positions and third correspondences stored in the

memory 22, that M HRTFs corresponding to the M fourth positions are the M first HRTFs. The5

third correspondences include correspondences between a plurality of positions relative to the head

center, and a plurality of HRTFs that are centered at the head center and that correspond to the

positions relative to the head center.

[0102] The processor 21 is further specifically configured to: obtain N fifth positions of the N

second virtual speakers relative to the current head center, where the fifth position includes a10

second azimuth and a second elevation of the second virtual speaker relative to the current head

center, and includes a second distance between the current head center and the second virtual

speaker;

determine N sixth positions based on the N fifth positions, where the N fifth positions

are in a one-to-one correspondence with the N sixth positions, one sixth position and a15

corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one sixth position and a second value is a second azimuth included in the

corresponding fifth position; and the second value is a difference between a third included angle

and a second included angle, the second included angle is an included angle between a second

straight line and a first plane, the third included angle is an included angle between a third straight20

line and the first plane, the second straight line is the straight line that passes through the current

head center and the coordinate origin, the third straight line is a straight line that passes through

the current right ear and the coordinate origin, and the first plane is the plane constituted by the X

axis and the Z axis of the three-dimensional coordinate system; and

determine, based on the N sixth positions and the third correspondences, that N HRTFs25

corresponding to the N sixth positions are the N second HRTFs.

[0103] The processor 21 is further specifically configured to: obtain M third positions of the

M first virtual speakers relative to a current head center, where the third position includes a first

azimuth and a first elevation of the first virtual speaker relative to the current head center, and

includes a first distance between the current head center and the first virtual speaker;30

determine M seventh positions based on the M third positions, where the M third
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positions are in a one-to-one correspondence with the M seventh positions, one seventh position

and a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one seventh position and a first preset value is a first azimuth

included in the corresponding third position; and

determine, based on the M seventh positions and the third correspondences, that M5

HRTFs corresponding to the M seventh positions are the M first HRTFs.

[0104] The processor 21 is further specifically configured to: obtain N fifth positions of the N

second virtual speakers relative to the current head center, where the fifth position includes a

second azimuth and a second elevation of the second virtual speaker relative to the current head

center, and includes a second distance between the current head center and the second virtual10

speaker;

determine N eighth positions based on the N fifth positions, where the N fifth positions

are in a one-to-one correspondence with the N eighth positions, one eighth position and a

corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one eighth position and the first preset value is a second azimuth included in the15

corresponding fifth position; and

determine, based on the N eighth positions and the third correspondences, that N

HRTFs corresponding to the N eighth positions are the N second HRTFs.

[0105] Before the M first audio signals are obtained by processing the to-be-processed audio

signal by the M first virtual speakers, the processor 21 is further configured to: obtain a target20

virtual speaker group, where the target virtual speaker group includes M target virtual speakers,

and the M target virtual speakers are in a one-to-one correspondence with the M first virtual

speakers; and

determine M tenth positions of the M first virtual speakers relative to the coordinate

origin of the three-dimensional coordinate system based on M ninth positions of the M target25

virtual speakers relative to the coordinate origin, where the M ninth positions are in a one-to-one

correspondence with the M tenth positions, one tenth position and a corresponding ninth position

include a same elevation and a same distance, and a difference between an azimuth included in the

one tenth position and a second preset value is an azimuth included in the corresponding ninth

position.30

[0106] The processor 21 is specifically configured to process the to-be-processed audio signal
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based on the M tenth positions, to obtain the M first audio signals.

[0107] Before the N second audio signals are obtained by processing the to-be-processed audio

signal by the N second virtual speakers, the processor 21 is further configured to: obtain a target

virtual speaker group, where the target virtual speaker group includes M target virtual speakers,

and the M target virtual speakers are in a one-to-one correspondence with the N second virtual5

speakers, and M = N; and

determine N eleventh positions of the N second virtual speakers relative to the

coordinate origin of the three-dimensional coordinate system based on the M ninth positions of the

M target virtual speakers relative to the coordinate origin, where the M ninth positions are in a

one-to-one correspondence with the N eleventh positions, one eleventh position and a10

corresponding ninth position include a same elevation and a same distance, and a sum of an

azimuth included in the one eleventh position and a second preset value is an azimuth included in

the corresponding ninth position.

[0108] The processor 21 is specifically configured to process the to-be-processed audio signal

based on the N eleventh positions, to obtain the N second audio signals.15

[0109] It may be understood that each method after the processor 21 obtains the to-be-

processed signal may be performed by the rendering component in the processor.

[0110] According to the audio signal receiving apparatus in this embodiment, the first target

audio signal that is transmitted to the left ear is obtained based on the M first audio signals and the

M first HRTFs centered at the left ear position, so that a signal that is transmitted to the left ear20

position is optimal. In addition, the second target audio signal that is transmitted to the right ear is

obtained based on the N second audio signals and the N second HRTFs centered at the right ear

position, so that a signal that is transmitted to the right ear position is optimal. Therefore, quality

of an obtained audio signal output by the audio signal receive end is improved.

[0111] The following uses specific embodiments to describe an audio processing method in25

this application. The following embodiments are all executed by an audio signal receive end, for

example, the mobile terminal 140 shown in FIG. 2.

[0112] FIG. 4 is a flowchart 1 of an audio processing method according to an embodiment of

this application. Referring to FIG. 4, the method in this embodiment includes the following steps.

[0113] Step S101: Obtain M first audio signals by processing a to-be-processed audio signal30

by M first virtual speakers, and N second audio signals by processing the to-be-processed audio
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signal by N second virtual speakers, where the M first virtual speakers are in a one-to-one

correspondence with the M first audio signals, the N second virtual speakers are in a one-to-one

correspondence with the N second audio signals, and M and N are positive integers.

[0114] Step S102: Obtain M first HRTFs and N second HRTFs, where all the M first HRTFs

are centered at a left ear position, all the N second HRTFs are centered at a right ear position, the5

M first HRTFs are in a one-to-one correspondence with the M first virtual speakers, and the N

second HRTFs are in a one-to-one correspondence with the N second virtual speakers.

[0115] Step S103: Obtain a first target audio signal based on the M first audio signals and the

M first HRTFs, and obtain a second target audio signal based on the N second audio signals and

the N second HRTFs.10

[0116] Specifically, the method in this embodiment of this application may be performed by

the mobile terminal 140. An encoder side collects a stereo signal sent by a sound source, and an

encoding component of the encoder side encodes the stereo signal sent by the sound source, to

obtain an encoded signal. Then, the encoded signal is transmitted to an audio signal receive end

through a wireless or wired network, and the audio signal receive end decodes the encoded signal.15

A signal obtained through decoding is the to-be-processed audio signal in this embodiment. In

other words, the to-be-processed audio signal in this embodiment may be a signal obtained through

decoding by a decoding component in a processor, or a signal obtained through decoding by the

decoding and rendering component 120 or the decoding component in the mobile terminal 140 in

FIG. 2.20

[0117] It may be understood that, if a standard used for processing the audio signal is

Ambisonic, the encoded signal obtained by the encoder side is a standard Ambisonic signal.

Correspondingly, a signal obtained through decoding by the audio signal receive end is also an

Ambisonic signal, for example, a B-format Ambisonic signal. The Ambisonic signal includes a

first-order Ambisonic (First-Order Ambisonics, FOA for short) signal and a high-order Ambisonic25

(High-Order Ambisonics) signal.

[0118] The following describes this embodiment by using an example in which the to-be-

processed audio signal obtained by the audio signal receive end through decoding is the B-format

Ambisonic signal.

[0119] In step S101, specifically, the M first virtual speakers may constitute a first virtual30

speaker group, the N second virtual speakers may constitute a second virtual speaker group, and
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the first virtual speaker group and the second virtual speaker group may be a same virtual speaker

group, or may be different virtual speaker groups. If the first virtual speaker group and the second

virtual speaker group are a same virtual speaker group, M = N, and the first virtual speaker is the

same as the second virtual speaker.

[0120] Optionally, M may be any one of 4, 8, 16, and the like, and N may be any one of 4, 8,5

16, and the like.

[0121] The first virtual speaker may process the to-be-processed audio signal into the first

audio signal according to the following Formula 1, where the M first virtual speakers are in a one-

to-one correspondence with the M first audio signals:

Formula10

1, where

1 ≤ m ≤ M; represents an mth first audio signal obtained by processing the to-be-

processed audio signal by an mth first virtual speaker; represents a component corresponding

to all sounds included in an environment of the sound source, and is referred to as an environment

component; represents a component, on an X axis, of all the sounds included in the15

environment of the sound source, and is referred to as an X-coordinate component; represents

a component, on a Y axis, of all the sounds included in the environment of the sound source, and

is referred to as a Y-coordinate component; and represents a component, on a Z axis, of all the

sounds included in the environment of the sound source, and is referred to as a Z-coordinate

component. The X axis, the Y axis, and the Z axis herein are respectively an X axis, a Y axis, and20

a Z axis of a three-dimensional coordinate system corresponding to the sound source (namely, a

three-dimensional coordinate system corresponding to an audio signal transmit end), and L

represents an energy adjustment coefficient. represents an elevation of the mth first virtual

speaker relative to a coordinate origin of a three-dimensional coordinate system corresponding to

the audio signal receive end, and represents an azimuth of the mth first virtual speaker relative25

to the coordinate origin.

[0122] The first audio signal may be a multi-channel signal, or may be a mono signal.

[0123] The second virtual speaker may process the to-be-processed audio signal into the

second audio signal according to the following Formula 2, where the N second virtual speakers
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are in a one-to-one correspondence with the N second audio signals:

Formula 2,

where

1 ≤ n ≤ N;  represents an nth first audio signal obtained by processing the to-be-

processed audio signal by an nth first virtual speaker; represents the component corresponding5

to all the sounds included in the environment of the sound source, and is referred to as the

environment component; represents the component, on the X axis, of all the sounds included

in the environment of the sound source, and is referred to as the X-coordinate component;

represents the component, on the Y axis, of all the sounds included in the environment of the sound

source, and is referred to as the Y-coordinate component; and represents the component, on10

the Z axis, of all the sounds included in the environment of the sound source, and is referred to as

the Z-coordinate component. The X axis, the Y axis, and the Z axis herein are respectively the X

axis, the Y axis, and the Z axis of the three-dimensional coordinate system corresponding to the

environment of the sound source, and L represents the energy adjustment coefficient.

represents an elevation of the nth first virtual speaker relative to the coordinate origin of a three-15

dimensional coordinate system corresponding to the audio signal receive end, and represents

an azimuth of the nth first virtual speaker relative to the coordinate origin.

[0124] The second audio signal may be a multi-channel signal, or may be a mono signal.

[0125] In step S102, specifically, the M first HRTFs may be referred to as the M first HRTFs

corresponding to the M first virtual speakers, and each first virtual speaker corresponds to one first20

HRTF. In other words, the M first HRTFs are in a one-to-one correspondence with the M first

virtual speakers. The N second HRTFs may be referred to as the N second HRTFs corresponding

to the N second virtual speakers, and each second virtual speaker corresponds to one second HRTF.

In other words, the N second HRTFs are in a one-to-one correspondence with the N second virtual

speakers.25

[0126] In the conventional technology, the first HRTF is an HRTF that is centered at a head

center, and the second HRTF is an HRTF that is also centered at the head center.

[0127] In this embodiment, "centered at the head center" means using the head center as a

center to measure the HRTF.
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[0128] FIG. 5 is a diagram of a measurement scenario in which an HRTF is measured by using

a head center as a center according to an embodiment of this application. FIG. 5 shows several

positions 61 relative to a head center 62. It may be understood that there are a plurality of HRTFs

centered at the head center, and audio signals that are sent by first sound sources at different

positions 61 correspond to different HRTFs that are centered at the head center when the audio5

signals are transmitted to the head center. When the HRTF centered at the head center is measured,

the head center may be a head center of a current listener, or may be a head center of another

listener, or may be a head center of a virtual listener.

[0129] In this way, HRTFs corresponding to a plurality of preset positions can be obtained by

setting first sound sources at different preset positions relative to the head center 62. To be specific,10

if a position of a first sound source 1 relative to the head center 62 is a position c, an HRTF 1 that

is used to transmit, to the head center 62, a signal sent by the first sound source 1 and that is

obtained through measurement is an HRTF 1 that is centered at the head center 62 and that

corresponds to the position c; if a position of a first sound source 2 relative to the head center 62

is a position d, an HRTF 2 that is used to transmit, to the head center 62, a signal sent by the first15

sound source 2 and that is obtained through measurement is an HRTF 2 that is centered at the head

center 62 and that corresponds to the position d; and so on. The position c includes an azimuth 1,

an elevation 1, and a distance 1. The azimuth 1 is an azimuth of the first sound source 1 relative to

the head center 62. The elevation 1 is an elevation of the first sound source 1 relative to the head

center 62. The distance 1 is a distance between the first sound source 1 and the head center 62.20

Likewise, the position d includes an azimuth 2, an elevation 2, and a distance 2. The azimuth 2 is

an azimuth of the first sound source 2 relative to the head center 62. The elevation 2 is an elevation

of the first sound source 2 relative to the head center 62. The distance 2 is a distance between the

first sound source 2 and the head center 62.

[0130] During setting positions of the first sound sources relative to the head center 62, when25

distances and elevations do not change, azimuths of adjacent first sound sources may be spaced

by a first preset angle; when distances and azimuths do not change, elevations of adjacent first

sound sources may be spaced by a second preset angle; and when elevations and azimuths do not

change, distances between adjacent first sound sources may be spaced by a first preset distance.

The first preset angle may be any one of 3° to 10°, for example, 5°. The second preset angle may30

be any one of 3° to 10°, for example, 5°. The first distance may be any one of 0.05 m to 0.2 m, for
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example, 0.1 m. 

[0131] For example, a process of obtaining the HRTF 1 that is centered at the head center and 

that corresponds to the position c (100°, 50°, 1 m) is as follows: The first sound source 1 is placed 

at a position at which an azimuth relative to the head center is 100°, an elevation relative to the 

head center is 50°, and a distance from the head center is 1 m; and a corresponding HRTF that is 5 

used to transmit, to the head center 62, an audio signal sent by the first sound source 1 is measured, 

so as to obtain the HRTF 1 centered at the head center. The measurement method is an existing 

method, and details are not described herein. 

[0132] For another example, a process of obtaining the HRTF 2 that is centered at the head 

center and that corresponds to the position d (100°, 45°, 1 m) is as follows: The first sound source 10 

2 is placed at a position at which an azimuth relative to the head center is 100°, an elevation relative 

to the head center is 45°, and a distance from the head center is 1 m; and a corresponding HRTF 

that is used to transmit, to the head center 62, an audio signal sent by the first sound source 2 is 

measured, so as to obtain the HRTF 2 centered at the head center. 

[0133] For another example, a process of obtaining the HRTF 3 that is centered at the head 15 

center and that corresponds to a position e (95°, 45°, 1 m) is as follows: A first sound source 3 is 

placed at a position at which an azimuth relative to the head center is 95°, an elevation relative to 

the head center is 45°, and a distance from the head center is 1 m; and a corresponding HRTF that 

is used to transmit, to the head center 62, an audio signal sent by the first sound source 3 is 

measured, so as to obtain the HRTF 3 centered at the head center. 20 

[0134] For another example, a process of obtaining the HRTF 4 that is centered at the head 

center and that corresponds to a position f (95°, 50°, 1 m) is as follows: A first sound source 4 is 

placed at a position at which an azimuth relative to the head center is 95°, an elevation relative to 

the head center is 50°, and a distance from the head center is 1 m; and a corresponding HRTF that 

is used to transmit, to the head center 62, an audio signal sent by the first sound source 4 is 25 

measured, so as to obtain the HRTF 4 centered at the head center. 

[0135] For another example, a process of obtaining the HRTF 5 that is centered at the head 

center and that corresponds to a position g (100°, 50°, 1.1 m) is as follows:A first sound source 5 

is placed at a position at which an azimuth relative to the head center is 100°,an elevation relative 

to the head center is 50°, and a distance from the head center is 1.1 m; and a corresponding HRTF 30 

that is used to transmit,to the head center 62,an audio signal sent by the first sound source 5 is 
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measured, so as to obtain the HRTF 5 centered at the head center.

[0136] It should be noted that in a subsequent position (x, x, x), the first x represents an azimuth,

the second x represents an elevation, and the third x represents a distance.

[0137] According to the foregoing method, the correspondences between a plurality of

positions and a plurality of HRTFs centered at the head center may be obtained through5

measurement. It may be understood that, during measurement of the HRTFs centered at the head

center, the plurality of positions at which the first sound sources are placed may be referred to as

preset positions. Therefore, according to the foregoing method, the correspondences between the

plurality of preset positions and the plurality of HRTFs centered at the head center may be obtained

through measurement. The correspondences are referred to as second correspondences, and the10

second correspondences may be stored in the memory 22 shown in FIG. 3.

[0138] During actual application of the foregoing conventional technology, a position a of a

first virtual speaker relative to a current left ear position is obtained, and an HRTF, centered at the

head center, that is obtained through measurement and that corresponds to the position a is an

HRTF corresponding to the first virtual speaker. A position b of a second virtual speaker relative15

to a current right ear position is obtained, and an HRTF, centered at the head center, that is obtained

through measurement and that corresponds to the position b is an HRTF corresponding to the

second virtual speaker. It can be learned that the position a is not a position of the first virtual

speaker relative to the head center, but a position of the first virtual speaker relative to the left ear

position. If the HRTF that is centered at the head center and that corresponds to the position a is20

still used as the HRTF corresponding to the first virtual speaker, a finally obtained signal that is

transmitted to the left ear is not an optimal signal. The optimal signal is located at the head center.

Likewise, it can be learned that the position b is not a position of the second virtual speaker relative

to the head center, but a position of the second virtual speaker relative to the right ear position. If

the HRTF that is centered at the head center and that corresponds to the position b is still used as25

the HRTF corresponding to the second virtual speaker, a finally obtained signal that is transmitted

to the right ear is not an optimal signal. The optimal signal is located at the head center.

[0139] In this embodiment, the obtained first HRTF corresponding to the first virtual speaker

is an HRTF centered at the left ear position. The second HRTF corresponding to the second virtual

speaker is an HRTF centered at the right ear position.30

[0140] In this embodiment, "centered at the left ear position" means using the left ear position
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as a center to measure the HRTF, and "centered at the right ear position" means using the right ear

position as a center to measure the HRTF.

[0141] The HRTF centered at the left ear position may be obtained through actual

measurement. To be specific, an audio signal a sent by a sound source at the position a relative to

the left ear position is collected, an audio signal b that is obtained after the audio signal a is5

transmitted to the left ear position is collected, and the HRTF centered at the left ear position is

obtained based on the audio signal a and the audio signal b. The HRTF centered at the left ear

position may alternatively be converted from the HRTF centered at the head center. The two

obtaining manners are described in detail in subsequent embodiments.

[0142] Likewise, the HRTF centered at the right ear position may be obtained through actual10

measurement. To be specific, an audio signal c sent by a sound source at the position b relative to

the right ear position is collected, an audio signal d that is obtained after the audio signal c is

transmitted to the right ear position is collected, and the HRTF centered at the right ear position is

obtained based on the audio signal c and the audio signal d. The HRTF centered at the right ear

position may alternatively be converted from the HRTF centered at the head center. The two15

obtaining manners are described in detail in subsequent embodiments.

[0143] In step S103, the first target audio signal is obtained based on the M first audio signals

and the M first HRTFs, and the second target audio signal is obtained based on the N second audio

signals and the N second HRTFs.

[0144] Specifically, that the first target audio signal is obtained based on the M first audio20

signals and the M first HRTFs includes:

convolving each of the M first audio signals with a corresponding first HRTF, to obtain

M first convolved audio signals; and

obtaining the first target audio signal based on the M first convolved audio signals.

[0145] To be specific, an mth first audio signal output by an mth first virtual speaker is25

convolved with a first HRTF corresponding to the mth first virtual speaker, to obtain an mth

convolved audio signal. When there are M first virtual speakers, M first convolved audio signals

are obtained.

[0146] A signal obtained after the M first convolved audio signals are superposed is the first

target audio signal, namely, an audio signal that is transmitted to the left ear position, or an audio30

signal that corresponds to the left ear position and that is obtained through rendering.
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[0147] Because the mth first audio signal output by the mth first virtual speaker is convolved

with the first HRTF corresponding to the mth first virtual speaker, the first HRTF corresponding to

the mth first virtual speaker is an HRTF that is centered at the left ear position and that corresponds

to the mth first audio signal. In this case, the obtained first target audio signal that is transmitted to

the left ear position is an optimal signal.5

[0148] The second target audio signal is obtained based on the N second audio signals and the

N second HRTFs.

[0149] Each of the N second audio signals is convolved with a corresponding second HRTF,

to obtain the N second convolved audio signals.

[0150] The second target audio signal is obtained based on the N second convolved audio10

signals.

[0151] To be specific, an nth second audio signal output by an nth second virtual speaker is

convolved with a second HRTF corresponding to the nth second virtual speaker, to obtain an nth

convolved audio signal. When there are N first virtual speakers, N second convolved audio signals

are obtained.15

[0152] A signal obtained after the N second convolved audio signals are superposed is the

second target audio signal, namely, an audio signal that is transmitted to the right ear position, or

an audio signal that corresponds to the right ear position and that is obtained through rendering.

[0153] Because the nth second audio signal output by the nth second virtual speaker is

convolved with the second HRTF corresponding to the nth second virtual speaker, the second HRTF20

corresponding to the nth second virtual speaker is an HRTF centered at the right ear position. In

this case, the obtained second target audio signal that is transmitted to the right ear position is an

optimal signal.

[0154] It may be understood that the first target audio signal and the second target audio signal

herein are rendered audio signals, and the first target audio signal and the second target audio25

signal form a stereo signal finally output by an audio signal receive end.

[0155] In this embodiment, the first target audio signal that is transmitted to the left ear is

obtained based on the M first audio signals and the M first HRTFs centered at the left ear position,

so that a signal that is transmitted to the left ear position is optimal. In addition, the second target

audio signal that is transmitted to the right ear is obtained based on the N second audio signals and30

the N second HRTFs centered at the right ear position, so that a signal that is transmitted to the
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right ear position is optimal. Therefore, quality of an audio signal output by the audio signal receive

end is improved.

[0156] The following uses embodiments shown in FIG. 6 to FIG. 15 to describe in detail the

embodiment shown in FIG. 4. Same terms in the embodiments shown in FIG. 6 to FIG. 15 and the

embodiment shown in FIG. 4 have same meanings.5

[0157] First, a first method for obtaining M first HRTFs in step S102 in the embodiment shown

in FIG. 4 is described. FIG. 6 is a flowchart 2 of an audio processing method according to an

embodiment of this application. Referring to FIG. 6, the method in this embodiment includes the

following steps.

[0158] Step S201: Obtain M first positions of M first virtual speakers relative to a current left10

ear position.

[0159] Step S202: Determine, based on the M first positions and first correspondences, that M

HRTFs corresponding to the M first positions are the M first HRTFs, where the first

correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the left ear position.15

[0160] Specifically, in step S201, a first position of each first virtual speaker relative to the

current left ear position is obtained. If there are M first virtual speakers, M first positions are

obtained.

[0161] Each first position includes a third elevation and a third azimuth of a corresponding

first virtual speaker relative to the current left ear position, and includes a third distance between20

the first virtual speaker and the current left ear position. The current left ear position is the left ear

of a current listener.

[0162] In step S202, before step S202, correspondences between a plurality of preset positions

and a plurality of HRTFs centered at the left ear position need to be obtained in advance.

[0163] FIG. 7 is a diagram of a measurement scenario in which an HRTF is measured by using25

a left ear position as a center according to an embodiment of this application. FIG. 7 shows several

positions 81 relative to a left ear position 82. It may be understood that there are a plurality of

HRTFs centered at the left ear position, and audio signals that are sent by second sound sources at

different positions 81 correspond to different HRTFs when the audio signals are transmitted to the

left ear position. In other words, before step S202, HRTFs that are centered at the left ear position30

and that correspond to the plurality of positions 81 need to be measured in advance. When the
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HRTF centered at the left ear position is measured, the left ear position may be a current left ear

position of a current listener, or may be a left ear position of another listener, or may be a left ear

position of a virtual listener.

[0164] Second sound sources are placed at different positions relative to the left ear position

82, to obtain HRTFs that are centered at the left ear position and that correspond to the plurality of5

positions 81. To be specific, if a position of a second sound source 1 relative to the left ear position

82 is a position c, an HRTF that is used to transmit, to the left ear position 82, a signal sent by the

second sound source 1 and that is obtained through measurement is an HRTF 1 that is centered at

the left ear position 82 and that corresponds to the position c; if a position of a second sound source

2 relative to the left ear position 82 is a position d, an HRTF that is used to transmit, to the left ear10

position 82, a signal sent by the second sound source 2 and that is obtained through measurement

is an HRTF 2 that is centered at the left ear position and that corresponds to the position d; and so

on. The position c includes an azimuth 1, an elevation 1, and a distance 1. The azimuth 1 is an

azimuth of the second sound source 1 relative to the left ear position 82. The elevation 1 is an

elevation of the second sound source 1 relative to the left ear position 82. The distance 1 is a15

distance between the second sound source 1 and the left ear position 82. Likewise, the position d

includes an azimuth 2, an elevation 2, and a distance 2. The azimuth 2 is an azimuth of the second

sound source 2 relative to the left ear position 82. The elevation 2 is an elevation of the second

sound source 2 relative to the left ear position 82. The distance 2 is a distance between the second

sound source 2 and the left ear position 82.20

[0165] It may be understood that, during setting positions of the second sound sources relative

to the left ear position 82, when distances and elevations do not change, azimuths of adjacent

second sound sources may be spaced by a first angle; when distances and azimuths do not change,

elevations of adjacent second sound sources may be spaced by a second angle; and when elevations

and azimuths do not change, distances between adjacent second sound sources may be spaced by25

a first distance. The first angle may be any one of 3° to 10°, for example, 5°. The second angle

may be any one of 3° to 10°, for example, 5°. The first distance may be any one of 0.05 m to 0.2

m, for example, 0.1 m.

[0166] For example, a process of obtaining the HRTF 1 that is centered at the left ear position

and that corresponds to the position c (100°, 50°, 1 m) is as follows: The second sound source 1 is30

placed at a position at which an azimuth relative to the left ear position 82 is 100°, an elevation
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relative to the left ear position 82 is 50°, and a distance from the left ear position 82 is 1 m; and a 

corresponding HRTF that is used to transmit, to the left ear position, an audio signal sent by the 

second sound source 1 is measured, so as to obtain the HRTF 1 centered at the left ear position. 

[0167] For another example, a process of obtaining the HRTF 2 that is centered at the left ear 

position and that corresponds to the position d (100°, 45°, 1 m) is as follows: The second sound 5 

source 2 is placed at a position at which an azimuth relative to the left ear position 82 is 100°, an 

elevation relative to the left ear position 82 is 45°, and a distance from the left ear position 82 is 1 

m; and a corresponding HRTF that is used to transmit, to the left ear position, an audio signal sent 

by the second sound source 2 is measured, so as to obtain the HRTF 2 centered at the left ear 

position. 10 

[0168] For another example, a process of obtaining an HRTF 3 that is centered at the left ear 

position and that corresponds to a position e (95°, 50°, 1 m) is as follows: A second sound source 

3 is placed at a position at which an azimuth relative to the left ear position 82 is 95°, an elevation 

relative to the left ear position 82 is 50°, and a distance from the left ear position 82 is 1 m; and a 

corresponding HRTF that is used to transmit, to the left ear position, an audio signal sent by the 15 

second sound source 3 is measured, so as to obtain the HRTF 3 centered at the left ear position. 

[0169] For another example, a process of obtaining an HRTF 4 that is centered at the left ear 

position and that corresponds to a position f (95°, 45°, 1 m) is as follows: A second sound source 

4 is placed at a position at which an azimuth relative to the left ear position 82 is 95°, an elevation 

relative to the left ear position 82 is 40°, and a distance from the left ear position 82 is 1 m; and a 20 

corresponding HRTF that is used to transmit, to the left ear position, an audio signal sent by the 

second sound source 4 is measured, so as to obtain the HRTF 4 centered at the left ear position. 

[0170] For another example, a process of obtaining an HRTF 5 that is centered at the left ear 

position and that corresponds to a position g (100°, 50°, 1.2 m) is as follows: A second sound 

source 5 is placed at a position at which an azimuth relative to the left ear position 82 is 100°, an 25 

elevation relative to the left ear position 82 is 50°, and a distance from the left ear position 82 is 

1.2 m; and a corresponding HRTF that is used to transmit, to the left ear position, an audio signal 

sent by the second sound source 5 is measured, so as to obtain the HRTF 5 centered at the left ear 

position. 

[0171] For another example, a process of obtaining an HRTF 6 that is centered at the left ear 30 

position and that corresponds to a position h (95°, 50°, 1.1 m) is as follows: A second sound source 
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6 is placed at a position at which an azimuth relative to the left ear position 82 is 95°, an elevation 

relative to the left ear position 82 is 50°, and a distance from the left ear position 82 is 1.1 m; and 

a corresponding HRTF that is used to transmit, to the left ear position, an audio signal sent by the 

second sound source 6 is measured, so as to obtain the HRTF 6 centered at the left ear position. 

[0172] It may be understood that, an azimuth ranges from –180° to 180°, and an elevation 5 

ranges from –90° to 90°. In this case, if the first angle is 5°, the second angle is 5°, the first distance 

is 0.1 m, and a total distance is 2 m, 72 x 36 x 21 HRTFs centered at the left ear position may be 

obtained. 

[0173] According to the foregoing method, correspondences between a plurality of positions 

and a plurality of HRTFs centered at the left ear position may be obtained through measurement. 10 

It may be understood that, during measurement of the HRTFs centered at the left ear position, the 

plurality of positions at which the second sound sources are placed may be referred to as preset 

positions. Therefore, according to the foregoing method, the correspondences between the 

plurality of preset positions and the plurality of HRTFs centered at the left ear position may be 

obtained through measurement. The correspondences may be referred to as first correspondences, 15 

and the first correspondences may be stored in the memory 22 shown in FIG. 3. 

[0174] Then, the determining, based on the M first positions and first correspondences, that M 

HRTFs corresponding to the M first positions are the M first HRTFs, where the first 

correspondences are prestored correspondences between a plurality of preset positions and a 

plurality of HRTFs centered at the left ear position includes: 20 

determining M first preset positions associated with the M first positions, where the M 

first preset positions are preset positions in the first correspondences; and

determining, based on the first correspondences, that M HRTFs that are centered at the 

left ear position and that correspond to the M first preset positions are the M first HRTFs. The M 

HRTFs centered at the left ear position are actually M HRTFs that are centered at the left ear 25 

position 82 and that are used to transmit, to the left ear position 82, audio signals sent by sound 

sources at the M first preset positions. 

[0175] The first preset position associated with the first position may be the first position; or

an elevation included in the first preset position is a target elevation that is closest to a 

third elevation included in the first position, an azimuth included in the first preset position is a 30 

target azimuth that is closest to a third azimuth included in the first position, and a distance 
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included in the first preset position is a target distance that is closest to a third distance included in

the first position. The target azimuth is an azimuth included in a corresponding preset position

during measurement of the HRTF centered at the left ear position, namely, an azimuth of the placed

second sound source relative to the left ear position during measurement of the HRTF centered at

the left ear position. The target elevation is an elevation in a corresponding preset position during5

measurement of the HRTF centered at the left ear position, namely, an elevation of the placed

second sound source relative to the left ear position during measurement of the HRTF centered at

the left ear position. The target distance is a distance in a corresponding preset position during

measurement of the HRTF centered at the left ear position, namely, a distance between the placed

second sound source and the left ear position during measurement of the HRTF centered at the left10

ear position. In other words, all the first preset positions are positions at which the second sound

sources are placed during measurement of the plurality of HRTFs centered at the left ear position.

In other words, an HRTF that is centered at the left ear position and that corresponds to each first

preset position is measured in advance.

[0176] It may be understood that, if the third azimuth included in the first position is between15

two target azimuths, one of the two target azimuths may be determined, according to a preset rule,

as the azimuth included in the first preset position. For example, the preset rule is as follows: If

the third azimuth included in the first position is between the two target azimuths, a target azimuth

in the two target azimuths that is closer to the third azimuth is determined as the azimuth included

in the first preset position. If the third elevation included in the first position is between two target20

elevations, one of the two target elevations may be determined, according to a preset rule, as the

elevation included in the first preset position. For example, the preset rule is as follows: If the third

elevation included in the first position is between the two target elevations, a target elevation in

the two target elevations that is closer to the third elevation is determined as the elevation included

in the first preset position. If the third distance included in the first position is between two target25

distances, one of the two target distances may be determined, according to a preset rule, as the

distance included in the first preset position. For example, the preset rule is as follows: If the third

distance included in the first position is between the two target distances, a target distance in the

two target distances that is closer to the third distance is determined as the distance included in the

first preset position.30

[0177] For example, if in the first position, obtained through measurement in step S201, of the
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mth first virtual speaker relative to the left ear position, the third azimuth is 88°, the third elevation

is 46°, and the third distance is 1.02 m, the correspondences, measured in advance, between the

plurality of preset positions and the plurality of HRTFs centered at the left ear position include an

HRTF that is centered at the left ear position and that corresponds to a position (90°, 45°, 1 m), an

HRTF that is centered at the left ear position and that corresponds to a position (85°, 45°, 1 m), an5

HRTF that is centered at the left ear position and that corresponds to a position (90°, 50°, 1 m), an

HRTF that is centered at the left ear position and that corresponds to a position (85°, 50°, 1 m), an

HRTF that is centered at the left ear position and that corresponds to a position (90°, 45°, 1.1 m),

an HRTF that is centered at the left ear position and that corresponds to a position (85°, 45°, 1.1

m), an HRTF that is centered at the left ear position and that corresponds to a position (90°, 50°,10

1.1 m), and an HRTF that is centered at the left ear position and that corresponds to a position (85°,

50°, 1.1 m). 88° is between 85° and 90°, but is closer to 90°, 46° is between 45° and 50°, but is

closer to 45°, and 1.02 m is between 1 m and 1.1 m, but is closer to 1 m. Therefore, it is determined

that the position (90°, 45°, 1 m) is a first preset position m associated with the first position of the

mth first virtual speaker relative to the left ear position.15

[0178] After the M first preset positions associated with the M first positions are determined,

it is determined that the M HRTFs that are centered at the left ear position and that correspond to

the M first preset positions are the M first HRTFs. For example, in the foregoing examples, based

on the first correspondences, the HRTF that is centered at the left ear position and that corresponds

to the first preset position m (90°, 45°, 1 m) is an HRTF corresponding to the first position of the20

mth first virtual speaker relative to the current left ear position. In other words, based on the first

correspondences, the HRTF that is centered at the left ear position and that corresponds to the first

preset position m (90°, 45°, 1 m) is an mth first HRTF or one first HRTF in the M first HRTFs.

[0179] In this embodiment, the obtained M first HRTFs corresponding to M virtual speakers

are M HRTFs that are centered at the left ear position and that are obtained through actual25

measurement. The M first HRTFs can best represent HRTFs to which M first audio signals

correspond when the M first audio signals are transmitted to the current left ear position. In this

way, a signal that is transmitted to the left ear position is optimal.

[0180] Next, a second method for obtaining M first HRTFs in step S102 in the embodiment

shown in FIG. 4 is described. FIG. 8 is a flowchart 3 of an audio processing method according to30

an embodiment of this application. Referring to FIG. 8, the method in this embodiment includes



37

the following steps.

[0181] Step S301: Obtain M third positions of M first virtual speakers relative to a current

head center, where the third position includes a first azimuth and a first elevation of the first virtual

speaker relative to the current head center, and includes a first distance between the current head

center and the first virtual speaker.5

[0182] Step S302: Determine M fourth positions based on the M third positions, where the M

third positions are in a one-to-one correspondence with the M fourth positions, one fourth position

and a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one fourth position and a first value is a first azimuth included

in the corresponding third position; and the first value is a difference between a first included angle10

and a second included angle, the first included angle is an included angle between a first straight

line and a first plane, the second included angle is an included angle between a second straight line

and the first plane, the first straight line is a straight line that passes through a current left ear and

a coordinate origin of a three-dimensional coordinate system, the second straight line is a straight

line that passes through the current head center and the coordinate origin, and the first plane is a15

plane constituted by an X axis and a Z axis of the three-dimensional coordinate system.

[0183] Step S303: Determine, based on the M fourth positions and second correspondences,

that M HRTFs corresponding to the M fourth positions are the M first HRTFs, where the second

correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the head center.20

[0184] Specifically, in step S301, a third position of each first virtual speaker relative to the

current head center is obtained. If there are M first virtual speakers, M third positions are obtained.

The current head center is the head center of a current listener.

[0185] Each third position includes a first azimuth and a first elevation of the first virtual

speaker relative to the current head center, and includes a first distance between the current head25

center and the first virtual speaker.

[0186] In step S302, for each third position, a second elevation included in the third position

is used as an elevation included in a corresponding fourth position, a second distance included in

the third position is used as a distance included in the corresponding fourth position, and a second

azimuth included in the third position plus the first value is an azimuth included in the30

corresponding fourth position. For example, if the third position is (52°, 73°, 0.5 m), and the first
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value is 6°, the fourth position is (58°, 73°, 0.5 m). 

[0187] The three-dimensional coordinate system in this embodiment is the three-dimensional 

coordinate system corresponding to the foregoing audio signal receive end. 

[0188] In step S303, before step S303, correspondences between a plurality of preset positions 

and a plurality of HRTFs centered at the head center need to be obtained in advance. For a method 5 

for obtaining the correspondences between a plurality of preset positions and a plurality of HRTFs 

centered at the head center, refer to the descriptions in the embodiment shown in FIG. 4. Details 

are not described again in this embodiment. 

[0189] The determining, based on the M fourth positions and second correspondences, that M 

HRTFs corresponding to the M fourth positions are the M first HRTFs, where the second 10 

correspondences are prestored correspondences between a plurality of preset positions and a 

plurality of HRTFs centered at the head center includes: 

determining, based on the M fourth positions, M second preset positions associated 

with the M fourth positions, where the M second preset positions are preset positions in the 

prestored second correspondences; and15 

determining, based on the second correspondences, that HRTFs that are centered at the 

head center and that correspond to the M second preset positions are the M first HRTFs. 

[0190] Specifically, the second preset position associated with the fourth position may be the 

fourth position; or

an elevation included in the second preset position is a target elevation that is closest 20 

to an elevation included in the fourth position, an azimuth included in the second preset position 

is a target azimuth that is closest to an azimuth included in the fourth position, and a distance 

included in the second preset position is a target distance that is closest to a distance included in 

the fourth position. The target azimuth is an azimuth included in a corresponding preset position 

during measurement of the HRTF centered at the head center, namely, an azimuth of a placed first 25 

sound source relative to the head center during measurement of the HRTF centered at the head 

center. The target elevation is an elevation in a corresponding preset position during measurement 

of the HRTF centered at the head center, namely, an elevation of the placed first sound source 

relative to the head center during measurement of the HRTF centered at the head center. The target 

distance is a distance in a corresponding preset position during measurement of the HRTF centered 30 

at the head center, namely, a distance between the placed first sound source and the head center 
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during measurement of the HRTF centered at the head center. In other words, all the second preset

positions are positions at which first sound sources are placed during measurement of the plurality

of HRTFs centered at the head center. In other words, an HRTF that is centered at the head center

and that corresponds to each second preset position is measured in advance.

[0191] It may be understood that, if the azimuth included in the fourth position is between two5

target azimuths, for a method for determining the azimuth included in the second preset position,

refer to the descriptions about the first preset position associated with the first position. If the

elevation included in the fourth position is between two target elevations, for a method for

determining the elevation included in the second preset position, refer to the descriptions about the

first preset position associated with the first position. If the elevation included in the fourth position10

is between two target elevations, for a method for determining the elevation included in the second

preset position, refer to the descriptions about the first preset position associated with the first

position. Details are not described herein again.

[0192] After the M second preset positions associated with the M fourth positions are

determined, it is determined that the HRTFs that are centered at the head center and that correspond15

to the M second preset positions are the M first HRTFs. For example, if a second preset position

associated with a fourth position is (30°, 60°, 0.5 m), based on the second correspondences, an

HRTF corresponding to the position (30°, 60°, 0.5 m) is an HRTF that is centered at the head center

and that corresponds to the fourth position. In other words, based on the second correspondences,

the HRTF that is centered at the head center and that corresponds to the position (30°, 60°, 0.5 m)20

is one first HRTF in the M first HRTFs.

[0193] In this embodiment, the M first HRTFs are converted from HRTFs centered at the head

center, and efficiency of obtaining the first HRTFs is comparatively high.

[0194] Next, a third method for obtaining M first HRTFs in step S102 in the embodiment

shown in FIG. 4 is described. FIG. 9 is a flowchart 4 of an audio processing method according to25

an embodiment of this application. Referring to FIG. 9, the method in this embodiment includes

the following steps.

[0195] Step S401: Obtain M third positions of M first virtual speakers relative to a current

head center, where the third position includes a first azimuth and a first elevation of the first virtual

speaker relative to the current head center, and includes a first distance between the current head30

center and the first virtual speaker.
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[0196] Step S402: Determine M seventh positions based on the M third positions, where the 

M third positions are in a one-to-one correspondence with the M seventh positions, one seventh 

position and a corresponding third position include a same elevation and a same distance, a 

difference between an azimuth included in the one seventh position and a first preset value is a 

first azimuth included in the corresponding third position, where the correspondences are prestored 5 

correspondences between a plurality of preset positions and a plurality of HRTFs centered at the 

head center. 

[0197] Step S403: Determine, based on the M seventh positions and second correspondences, 

that M HRTFs corresponding to the M seventh positions are the M first HRTFs, where the second 

correspondences are prestored correspondences between a plurality of preset positions and a 10 

plurality of HRTFs centered at the head center. 

[0198] Specifically, for step S401 in this embodiment, refer to step S301 in the embodiment 

shown in FIG. 8. Details are not described herein again. 

[0199] In step S402, a three-dimensional coordinate system in this embodiment is the three-

dimensional coordinate system corresponding to the foregoing audio signal receive end. 15 

[0200] Specifically, for each third position, a second elevation included in the third position is 

used as an elevation included in a corresponding seventh position, a second distance included in 

the third position is used as a distance included in the corresponding seventh position, and a second 

azimuth included in the third position plus the first preset value is an azimuth included in the 

corresponding seventh position. For example, if the third position is (52°, 73°, 0.5 m), and the first 20 

preset value is 5°, the seventh position is (57°, 73°, 0.5 m). 

[0201] The first preset value is a preset value without consideration of a size of the head of a 

listener. In the foregoing embodiment, the first value is the difference between the first included 

angle and the second included angle, and this considers a size of the head of a current listener. 

Optionally, the first preset value is the same as the first preset angle in the embodiment shown in 25 

FIG. 4. 

[0202] In step S403, before step S403, correspondences between a plurality of preset positions 

and a plurality of HRTFs centered at the head center need to be obtained in advance. For a method 

for obtaining the correspondences between a plurality of preset positions and a plurality of HRTFs 

centered at the head center, refer to the descriptions in the embodiment shown in FIG. 4. Details 30 

are not described again in this embodiment. 
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[0203] The determining, based on the M seventh positions and second correspondences, that

M HRTFs corresponding to the M seventh positions are the M first HRTFs, where the second

correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the head center includes:

determining, based on the M seventh positions, M third preset positions associated with5

the M seventh positions, where the M third preset positions are preset positions in the second

correspondences; and

determining, based on the second correspondences, that HRTFs that are centered at the

head center and that correspond to the M third preset positions are the M first HRTFs.

[0204] Specifically, for the third preset position associated with the seventh position, refer to10

the explanation of the first preset position associated with the first position in the embodiment

shown in FIG. 6. Details are not described herein again.

[0205] After the M third preset positions associated with the M seventh positions are

determined, it is determined that the HRTFs that are centered at the head center and that correspond

to the M third preset positions are the M first HRTFs. For example, if a third preset position15

associated with a seventh position is (35°, 60°, 0.5 m), based on the second correspondences, an

HRTF that is centered at the head center and that corresponds to the position (35°, 60°, 0.5 m) is

an HRTF that is centered at the head center and that corresponds to the seventh position. In other

words, based on the second correspondences, the HRTF that is centered at the head center and that

corresponds to the position (35°, 60°, 0.5 m) is one of the first HRTFs.20

[0206] In this embodiment, the M first HRTFs are converted from HRTFs centered at the head

center, and during obtaining of the foregoing fourth positions, a size of the head of the current

listener is not considered. This further improves efficiency of obtaining the first HRTFs.

[0207] Next, a first process of obtaining N second HRTFs in step S102 in the embodiment

shown in FIG. 4 is described. FIG. 10 is a flowchart 5 of an audio processing method according to25

an embodiment of this application. Referring to FIG. 10, the method in this embodiment includes

the following steps.

[0208] Step S501: Obtain N second positions of N second virtual speakers relative to a current

right ear position.

[0209] Step S502: Determine, based on the N second positions and third correspondences, that30

N HRTFs corresponding to the N second positions are the N second HRTFs, where the third
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correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the right ear position.

[0210] Specifically, in step S501, a second position of each second virtual speaker relative to

a right ear position of a listener is obtained. If there are N second virtual speakers, N second

positions are obtained.5

[0211] Each second position includes a fourth elevation and a fourth azimuth of a

corresponding second virtual speaker relative to the current right ear position, and includes a fourth

distance between the second virtual speaker and the current right ear position. The current right

ear position is the right ear of the current listener.

[0212] In step S502, before step S502, correspondences between a plurality of preset positions10

and a plurality of HRTFs centered at the right ear position need to be obtained in advance.

[0213] FIG. 11 is a diagram of a measurement scenario in which an HRTF is measured by

using a right ear position as a center according to an embodiment of this application. FIG. 11 shows

several positions 51 relative to a right ear position 52. It may be understood that there are a plurality

of HRTFs centered at the right ear position, and audio signals that are sent by third sound sources15

at different positions 51 correspond to different HRTFs when the audio signals are transmitted to

the right ear position. When the HRTF centered at the right ear position is measured, the right ear

position may be a current right ear position of a current listener, or may be a right ear position of

another listener, or may be a right ear position of a virtual listener.

[0214] In this way, third sound sources are placed at different positions relative to the right ear20

position 52, to obtain HRTFs that are centered at the right ear position and that correspond to the

plurality of positions 51. To be specific, if a position of a third sound source 1 relative to the right

ear position 52 is a position c, an HRTF that is used to transmit, to the right ear position 52, a signal

sent by the third sound source 1 and that is obtained through measurement is an HRTF 1 that is

centered at the right ear position 52 and that corresponds to the position c; if a position of a third25

sound source 2 relative to the right ear position 52 is a position d, an HRTF that is used to transmit,

to the right ear position 52, a signal sent by the third sound source 2 and that is obtained through

measurement is an HRTF 2 that is centered at the right ear position 52 and that corresponds to the

position d; and so on. The position c includes an azimuth 1, an elevation 1, and a distance 1. The

azimuth 1 is an azimuth of the third sound source 1 relative to the right ear position 52. The30

elevation 1 is an elevation of the third sound source 1 relative to the right ear position 52. The
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distance 1 is a distance between the third sound source 1 and the right ear position 52. Likewise,

the position d includes an azimuth 2, an elevation 2, and a distance 2. The azimuth 2 is an azimuth

of the third sound source 2 relative to the right ear position 52. The elevation 2 is an elevation of

the third sound source 2 relative to the right ear position 52. The distance 2 is a distance between

the third sound source 2 and the right ear position 52.5

[0215] It may be understood that, during setting positions of the third sound sources relative

to the right ear position 52, when distances and elevations do not change, azimuths of adjacent

third sound sources may be spaced by a first preset angle; when distances and azimuths do not

change, elevations of adjacent third sound sources may be spaced by a second preset angle; and

when elevations and azimuths do not change, distances between adjacent third sound sources may10

be spaced by a first preset distance. The first preset angle may be any one of 3° to 10°, for example,

5°. The second preset angle may be any one of 3° to 10°, for example, 5°. The first preset distance

may be any one of 0.05 m to 0.2 m, for example, 0.1 m.

[0216] For example, a process of obtaining the HRTF 1 that is centered at the right ear position

and that corresponds to the position c (100°, 50°, 1 m) is as follows: The third sound source 1 is15

placed at a position at which an azimuth relative to the right ear position is 100°, an elevation

relative to the right ear position is 50°, and a distance from the right ear position is 1 m; and a

corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent by the

third sound source 1 is measured, so as to obtain the HRTF 1 centered at the right ear position.

[0217] For another example, a process of obtaining the HRTF 2 that is centered at the right ear20

position and that corresponds to the position d (100°, 45°, 1 m) is as follows: The third sound

source 2 is placed at a position at which an azimuth relative to the right ear position is 100°, an

elevation relative to the right ear position is 45°, and a distance from the right ear position is 1 m;

and a corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent

by the third sound source 2 is measured, so as to obtain the HRTF 2 centered at the right ear25

position.

[0218] For another example, a process of obtaining an HRTF 3 that is centered at the right ear

position and that corresponds to a position e (95°, 50°, 1 m) is as follows: A third sound source 3

is placed at a position at which an azimuth relative to the right ear position is 95°, an elevation

relative to the right ear position is 50°, and a distance from the right ear position is 1 m; and a30

corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent by the
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third sound source 3 is measured, so as to obtain the HRTF 3 centered at the right ear position. 

[0219] For another example, a process of obtaining an HRTF 4 that is centered at the right ear 

position and that corresponds to a position f (95°, 45°, 1 m) is as follows: A third sound source 4 

is placed at a position at which an azimuth relative to the right ear position is 95°, an elevation 

relative to the right ear position is 45°, and a distance from the right ear position is 1 m; and a 5 

corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent by the 

third sound source 4 is measured, so as to obtain the HRTF 4 centered at the right ear position. 

[0220] For another example, a process of obtaining an HRTF 5 that is centered at the right ear 

position and that corresponds to a position g (100°, 50°, 1.2 m) is as follows: A third sound source 

5 is placed at a position at which an azimuth relative to the right ear position is 100°, an elevation 10 

relative to the right ear position is 50°, and a distance from the right ear position is 1.2 m; and a 

corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent by the 

third sound source 5 is measured, so as to obtain the HRTF 5 centered at the right ear position. 

[0221] For another example, a process of obtaining an HRTF 6 that is centered at the right ear 

position and that corresponds to a position h (95°, 50°, 1.1 m) is as follows: A third sound source 15 

6 is placed at a position at which an azimuth relative to the right ear position is 95°, an elevation 

relative to the right ear position is 50°, and a distance from the right ear position is 1.1 m; and a 

corresponding HRTF that is used to transmit, to the right ear position, an audio signal sent by the 

third sound source 6 is measured, so as to obtain the HRTF 6 centered at the right ear position. 

[0222] It may be understood that, an azimuth ranges from –180° to 180°, and an elevation 20 

ranges from –90° to 90°. In this case, if the first preset angle is 5°, the second preset angle is 5°, 

the first preset distance is 0.1 m, and a total distance is 2 m, 72 x 36 x 21 HRTFs centered at the 

right ear position may be obtained. 

[0223] According to the foregoing method, correspondences between a plurality of positions 

and a plurality of HRTFs centered at the right ear position may be obtained through measurement. 25 

It may be understood that, during measurement of the HRTFs centered at the right ear position, the 

plurality of positions at which the third sound sources are placed may be referred to as preset 

positions. Therefore, according to the foregoing method, the correspondences between the 

plurality of preset positions and the plurality of HRTFs centered at the right ear position may be 

obtained through measurement. The correspondences are referred to as third correspondences, and 30 

the third correspondences may be stored in the memory 22 shown in FIG. 3. 
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[0224] Then, the determining, based on the N second positions and third correspondences, that

N HRTFs corresponding to the N second positions are the N second HRTFs, where the third

correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the right ear position includes:

determining N fourth preset positions associated with the N second positions; and5

determining, based on the third correspondences, that N HRTFs that are centered at the

right ear position and that correspond to the N fourth preset positions are the N second HRTFs.

[0225] The fourth preset position associated with the second position may be the second

position; or

an elevation included in the fourth preset position is a target elevation that is closest to10

a fourth elevation included in the second position, an azimuth included in the fourth preset position

is a target azimuth that is closest to a fourth azimuth included in the second position, and a distance

included in the fourth preset position is a target distance that is closest to a fourth distance included

in the second position. The target azimuth is an azimuth included in a corresponding preset position

during measurement of the HRTF centered at the right ear position, namely, an azimuth of the15

placed third sound source relative to the right ear position during measurement of the HRTF

centered at the right ear position. The target elevation is an elevation included in a corresponding

preset position during measurement of the HRTF centered at the right ear position, namely, an

elevation of the placed third sound source relative to the right ear position during measurement of

the HRTF centered at the right ear position. The target distance is a distance included in a20

corresponding preset position during measurement of the HRTF centered at the right ear position,

namely, a distance between the placed third sound source and the right ear position during

measurement of the HRTF centered at the right ear position. In other words, all the fourth preset

positions are positions at which the third sound sources are placed during measurement of the

plurality of HRTFs. In other words, an HRTF that is centered at the right ear position and that25

corresponds to each fourth preset position is measured in advance.

[0226] It may be understood that, if the fourth azimuth included in the second position is

between two target azimuths, for a method for determining the azimuth included in the fourth

preset position, refer to the descriptions about the first preset position associated with the first

position. If the fourth elevation included in the second position is between two target elevations,30

for a method for determining the elevation included in the fourth preset position, refer to the
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descriptions about the first preset position associated with the first position. If the fourth elevation 

included in the second position is between two target elevations, for a method for determining the 

elevation included in the fourth preset position, refer to the descriptions about the first preset 

position associated with the first position. Details are not described herein again. 

[0227] For example, if in the second position, obtained through measurement in step S501, of 5 

an nth second virtual speaker relative to the right ear position, the fourth azimuth is 88°, the fourth 

elevation is 46°, and the fourth distance is 1.02 m, the correspondences between the plurality of 

preset positions and the plurality of HRTFs centered at the right ear position include an HRTF that 

is centered at the right ear position and that corresponds to a position (90°, 45°, 1 m), an HRTF 

that is centered at the right ear position and that corresponds to a position (85°, 45°, 1 m), an HRTF 10 

that is centered at the right ear position and that corresponds to a position (90°, 50°, 1 m), an HRTF 

that is centered at the right ear position and that corresponds to a position (85°, 50°, 1 m), an HRTF 

that is centered at the right ear position and that corresponds to a position (90°, 45°, 1.1 m), an 

HRTF that is centered at the right ear position and that corresponds to a position (85°, 45°, 1.1 m), 

an HRTF that is centered at the right ear position and that corresponds to a position (90°, 50°, 1.1 15 

m), and an HRTF that is centered at the right ear position and that corresponds to a position (85°, 

50°, 1.1 m). 88° is between 85° and 90°, but is closer to 90°, 46° is between 45° and 50°, but is 

closer to 45°, and 1.02 m is between 1 m and 1.1 m, but is closer to 1 m. Therefore, it is determined 

that the position (90°, 45°, 1 m) is a fourth preset position n associated with the second position of 

the nth second virtual speaker relative to the right ear position. 20 

[0228] After the N fourth preset positions associated with the N second positions are 

determined, it is determined that the N HRTFs that are centered at the right ear position and that 

correspond to the N fourth preset positions are the N second HRTFs. For example, in the foregoing 

examples, based on the third correspondences, the HRTF that is centered at the right ear position 

and that corresponds to the position (90°, 45°, 1 m) is an HRTF that is centered at the right ear 25 

position and that corresponds to the second position of the nth second virtual speaker relative to 

the right ear position. In other words, based on the third correspondences, the HRTF that is centered 

at the right ear position and that corresponds to the fourth preset position n (90°, 45°, 1 m) is an 

nth second HRTF, or a second HRTF corresponding to the nth second virtual speaker. 

[0229] In this embodiment, the N second HRTFs are N HRTFs that are centered at the right 30 

ear position and that are obtained through actual measurement. The obtained N second HRTFs can 
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best represent HRTFs to which N second audio signals correspond when the N second audio

signals are transmitted to the current right ear position of the listener. In this way, a signal that is

transmitted to the right ear position is optimal.

[0230] Next, a second process of obtaining N second HRTFs in step S102 in the embodiment

shown in FIG. 4 is described. FIG. 12 is a flowchart 6 of an audio processing method according to5

an embodiment of this application. Referring to FIG. 12, the method in this embodiment includes

the following steps.

[0231] Step S601: Obtain N fifth positions of N second virtual speakers relative to a current

head center, where the fifth position includes a second azimuth and a second elevation of the

second virtual speaker relative to the current head center, and includes a second distance between10

the current head center and the second virtual speaker.

[0232] Step S602: Determine N sixth positions based on the N fifth positions, where the N

fifth positions are in a one-to-one correspondence with the N sixth positions, one sixth position

and a corresponding fifth position include a same elevation and a same distance, and a sum of an

azimuth included in the one sixth position and a second value is a second azimuth included in the15

corresponding fifth position; and the second value is a difference between a third included angle

and a second included angle, the second included angle is an included angle between a second

straight line and a first plane, the third included angle is an included angle between a third straight

line and the first plane, the second straight line is a straight line that passes through the current

head center and a coordinate origin, the third straight line is a straight line that passes through a20

current right ear and the coordinate origin, and the first plane is a plane constituted by an X axis

and a Z axis of a three-dimensional coordinate system.

[0233] Step S603: Determine, based on the N sixth positions and second correspondences, that

N HRTFs corresponding to the N sixth positions are the N second HRTFs, where the second

correspondences are prestored correspondences between a plurality of preset positions and a25

plurality of HRTFs centered at the head center.

[0234] Specifically, in the step S601, a fifth position of each second virtual speaker relative to

the head center of a listener is obtained. If there are N second virtual speakers, N fifth positions

are obtained. The current head center is the head center of a current listener.

[0235] Each fifth position includes a second elevation and a second azimuth of a corresponding30

second virtual speaker relative to the current head center, and includes a second distance between
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the second virtual speaker and the current head center. 

[0236] In step S602, for each fifth position, a second elevation included in the fifth position is 

used as an elevation included in a corresponding sixth position, a second distance included in the 

fifth position is used as a distance included in the corresponding sixth position, and a second 

azimuth included in the fifth position minus the second value is an azimuth included in 5 

corresponding M sixth positions. For example, if the fifth position is (52°, 73°, 0.5 m), and the 

second value is 6°, the sixth position is (46°, 73°, 0.5 m). 

[0237] The three-dimensional coordinate system in this embodiment is the three-dimensional 

coordinate system corresponding to the foregoing audio signal receive end. 

[0238] In step S603, before step S603, correspondences between a plurality of preset positions 10 

and a plurality of HRTFs centered at the head center need to be obtained in advance. For a method 

for obtaining the correspondences between a plurality of preset positions and a plurality of HRTFs 

centered at the head center, refer to the descriptions in the embodiment shown in FIG. 4. Details 

are not described again in this embodiment. 

[0239] The determining, based on the N sixth positions and second correspondences, that N 15 

HRTFs corresponding to the N sixth positions are the N second HRTFs, where the second 

correspondences are prestored correspondences between a plurality of preset positions and a 

plurality of HRTFs centered at the head center includes: 

determining N fifth preset positions based on the N sixth positions, where the N fifth 

preset positions are preset positions in the second correspondences; and20 

determining, based on the second correspondences, that N HRTFs that are centered at 

the head center and that correspond to the N fifth preset positions are the N second HRTFs. 

[0240] For the fifth preset position associated with the sixth position, refer to the explanation 

of the second preset position associated with the fourth position. Details are not described herein 

again. 25 

[0241] After the N fifth preset positions associated with the N sixth positions are determined, 

it is determined that the N HRTFs that are centered at the head center and that correspond to the N 

fifth preset positions are the N second HRTFs. For example, if a fifth preset position associated 

with a sixth position is (40°, 60°, 0.5 m), based on the second correspondences, an HRTF that is 

centered at the head center and that corresponds to the position (40°, 60°, 0.5 m) is an HRTF that 30 

is centered at the head center and that corresponds to the sixth position. In other words, based on 
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the second correspondences, the HRTF that is centered at the head center and that corresponds to 

the position (40°, 60°, 0.5 m) is one second HRTF in the N second HRTFs. 

[0242] In this embodiment, the N second HRTFs are converted from HRTFs centered at the 

head center, and efficiency of obtaining the second HRTFs is comparatively high. 

[0243] Next, a third process of obtaining N second HRTFs in step S102 in the embodiment 5 

shown in FIG. 4 is described. FIG. 13 is a flowchart 7 of an audio processing method according to 

an embodiment of this application. Referring to FIG. 13, the method in this embodiment includes 

the following steps. 

[0244] Step S701: Obtain N fifth positions of N second virtual speakers relative to a current 

head center, where the fifth position includes a second azimuth and a second elevation of the 10 

second virtual speaker relative to the current head center, and includes a second distance between 

the current head center and the second virtual speaker. 

[0245] Step S702: Determine N eighth positions based on the N fifth positions, where the N 

fifth positions are in a one-to-one correspondence with the N eighth positions, one eighth position 

and a corresponding fifth position include a same elevation and a same distance, and a sum of an 15 

azimuth included in the one eighth position and a first preset value is a second azimuth included 

in the corresponding fifth position. 

[0246] Step S703: Determine, based on the N eighth positions and second correspondences, 

that N HRTFs corresponding to the N eighth positions are the N second HRTFs, where the second 

correspondences are prestored correspondences between a plurality of preset positions and a 20 

plurality of HRTFs centered at the head center. 

[0247] Specifically, for step S701 in this embodiment, refer to step S601 in the embodiment 

in FIG. 12. Details are not described herein again. 

[0248] In step S702, a three-dimensional coordinate system in this embodiment is the three-

dimensional coordinate system corresponding to the foregoing audio signal receive end. 25 

[0249] Specifically, for each fifth position, a second elevation included in the fifth position is 

used as an elevation included in a corresponding eighth position, a second distance included in the 

fifth position is used as a distance included in the corresponding eighth position, and a second 

azimuth included in the fifth position minus the first preset value is an azimuth included in the 

corresponding eighth position. For example, if the fifth position is (52°, 73°, 0.5 m), and the first 30 

preset value is 5°, the eighth position is (47°, 73°, 0.5 m). 
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[0250] The first preset value is a preset value without consideration of a size of the head of a

listener. In the foregoing embodiment, the second value is the difference between the third included

angle and the second included angle, and this considers a size of the head of a current listener.

Optionally, the first preset value is the same as the first preset angle in the embodiment shown in

FIG. 6.5

[0251] In step S703, before step S703, correspondences between a plurality of preset positions

and a plurality of HRTFs centered at the head center need to be obtained in advance. For a method

for obtaining the correspondences between a plurality of preset positions and a plurality of HRTFs

centered at the head center, refer to the descriptions in the embodiment shown in FIG. 6. Details

are not described again in this embodiment.10

[0252] The determining, based on the N eighth positions and second correspondences, that N

HRTFs corresponding to the N eighth positions are the N second HRTFs, where the second

correspondences are prestored correspondences between a plurality of preset positions and a

plurality of HRTFs centered at the head center includes:

determining, based on the N eighth positions, N sixth preset positions associated with15

the N eighth positions, where the N sixth preset positions are preset positions in the second

correspondences; and

determining, based on the second correspondences, that HRTFs that are centered at the

head center and that correspond to the N sixth preset positions are the N second HRTFs.

[0253] Specifically, for the sixth preset position associated with the eighth position, refer to20

the explanation of the second preset position associated with the fourth position. Details are not

described herein again.

[0254] After the N sixth preset positions associated with the N eighth positions are determined,

it is determined that the HRTFs that are centered at the head center and that correspond to the N

sixth preset positions are the N second HRTFs. For example, if a sixth preset position associated25

with an eighth position is (45°, 60°, 0.5 m), based on the second correspondences, an HRTF that

is centered at the head center and that corresponds to the position (45°, 60°, 0.5 m) is an HRTF

that is centered at the head center and that corresponds to the eighth position. In other words, based

on the second correspondences, the HRTF that is centered at the head center and that corresponds

to the position (45°, 60°, 0.5 m) is one of the second HRTFs.30

[0255] In this embodiment, the N second HRTFs are converted from HRTFs centered at the
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head center, and during obtaining of the foregoing eighth positions, a size of the head of the current

listener is not considered. This further improves efficiency of obtaining the second HRTFs.

[0256] A process of obtaining the M first HRTFs and a process of obtaining the N second

HRTFs are described in the embodiments shown in FIG. 6 to FIG. 13. The method shown in any

one of the embodiments in FIG. 6, FIG. 8, and FIG. 9 is used in combination with the method5

shown in any one of the embodiments in FIG. 10, FIG. 12, and FIG. 13.

[0257] Further, positions of the M first virtual speakers relative to the foregoing coordinate

origin and positions of the N second virtual speakers relative to the foregoing coordinate origin

may be obtained in the following manner. It may be understood that obtaining of the positions of

the M first virtual speakers relative to the foregoing coordinate origin and obtaining of the positions10

of the N second virtual speakers relative to the foregoing coordinate origin are performed before

step S101.

[0258] First, a method for obtaining the positions of the first virtual speakers relative to the

foregoing coordinate origin is described.

[0259] FIG. 14 is a flowchart 8 of an audio processing method according to an embodiment of15

this application. Referring to FIG. 14, the method in this embodiment includes the following steps.

[0260] Step S801: Obtain a target virtual speaker group, where the target virtual speaker group

includes M target virtual speakers.

[0261] Step S802: Determine M tenth positions of M first virtual speakers relative to a

coordinate origin based on M ninth positions of the M target virtual speakers relative to the20

coordinate origin, where the M ninth positions are in a one-to-one correspondence with the M

tenth positions, one tenth position and a corresponding ninth position include a same elevation and

a same distance, and a difference between an azimuth included in the one tenth position and a

second preset value is an azimuth included in the corresponding ninth position.

[0262] Specifically, in step S801, an audio signal receive end performs rendering processing25

to obtain a target virtual speaker group, where the target virtual speaker group includes the M target

virtual speakers.

[0263] In step S802, the determining M tenth positions of M first virtual speakers relative to a

coordinate origin based on M ninth positions of the M target virtual speakers relative to the

coordinate origin includes:30

for each ninth position, using an elevation included in the ninth position as an elevation
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of a corresponding tenth position, using a second distance included in the ninth position as a

distance included in the corresponding tenth position, and using a sum of an azimuth included in

the ninth position and the second preset value as an azimuth included in the corresponding tenth

position.

[0264] For example, if the ninth position is (40°, 90°, 0.8 m), and the second preset value is5

5°, the tenth position is (45°, 90°, 0.8 m).

[0265] It may be understood that, after the tenth positions of the first virtual speakers relative

to the coordinate origin are obtained, according to Formula 1, M first audio signals may be

obtained based on the M tenth positions of the first virtual speakers relative to the coordinate origin.

[0266] In other words, the obtaining M first audio signals by processing a to-be-processed10

audio signal by M first virtual speakers includes: processing the to-be-processed audio signal based

on the M tenth positions of the M first virtual speakers relative to the coordinate origin, to obtain

the M first audio signals.

[0267] Next, a method for obtaining a position of a second virtual speaker relative to the

foregoing coordinate origin is described. FIG. 15 is a flowchart 9 of an audio processing method15

according to an embodiment of this application. Referring to FIG. 15, the method in this

embodiment includes the following steps.

[0268] Step S901: Obtain a target virtual speaker group, where the target virtual speaker group

includes M target virtual speakers.

[0269] Step S902: Determine N eleventh positions of N second virtual speakers relative to the20

coordinate origin based on M ninth positions of the M target virtual speakers relative to the

coordinate origin, where the M ninth positions are in a one-to-one correspondence with the N

eleventh positions, one eleventh position and a corresponding ninth position include a same

elevation and a same distance, and a sum of an azimuth included in the one eleventh position and

a second preset value is an azimuth included in the corresponding ninth position.25

[0270] Specifically, in step S901, an audio signal receiving end performs rendering processing

to obtain a target virtual speaker group.

[0271] The target virtual speaker group includes M or N target virtual speakers, where M = N.

[0272] In step S902, the determining N eleventh positions of N second virtual speakers relative

to the coordinate origin based on M ninth positions of the M target virtual speakers relative to the30

coordinate origin includes:
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for each ninth position, using an elevation included in the ninth position as an elevation

of a corresponding eleventh position, using a second distance included in the ninth position as a

distance included in the corresponding eleventh position, and using a difference between an

azimuth included in the ninth position and the second preset value as an azimuth included in the

corresponding eleventh position.5

[0273] For example, if the ninth position is (40°, 90°, 0.8 m), and the second preset value is

5°, the eleventh position is (35°, 90°, 0.8 m).

[0274] It may be understood that, after the eleventh positions of the second virtual speakers

relative to the coordinate origin are obtained, according to Formula 2, N second audio signals may

be obtained based on the N eleventh positions of the second virtual speakers relative to the10

coordinate origin.

[0275] In other words, the obtaining N second audio signals by processing the to-be-processed

audio signal by N second virtual speakers includes: processing the to-be-processed audio signal

based on the N eleventh positions of the N second virtual speakers relative to the coordinate origin,

to obtain the N second audio signals.15

[0276] The following describes an effect of the audio processing method in this application in

actual application.

[0277] FIG. 16 is a spectrum diagram of a difference, in the conventional technology, between

a rendering spectrum of a rendering signal corresponding to a left ear position and a theoretical

spectrum corresponding to the left ear position. FIG. 17 is a spectrum diagram of a difference, in20

the conventional technology, between a rendering spectrum of a rendering signal corresponding to

a right ear position and a theoretical spectrum corresponding to the right ear position. FIG. 18 is a

spectrum diagram of a difference, in a method according to an embodiment of this application,

between a rendering spectrum of a rendering signal corresponding to a left ear position and a

theoretical spectrum corresponding to the left ear position. FIG. 19 is a spectrum diagram of a25

difference, in a method according to an embodiment of this application, between a rendering

spectrum of a rendering signal corresponding to a right ear position and a theoretical spectrum

corresponding to the right ear position.

[0278] In FIG. 16 to FIG. 19, a lighter color indicates closer similarity between the rendering

spectrum and the theoretical spectrum, and a deeper color indicates a larger difference between the30

rendering spectrum and the theoretical spectrum. It can be learned by comparing FIG. 16 and FIG.
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18 that an area of a light-colored area in FIG. 18 is clearly larger than an area of a light-colored

area in FIG. 16. This indicates that a signal that corresponds to the left ear position and that is

obtained through rendering according to the method in this embodiment of this application is closer

to a theoretical signal. In other words, a signal obtained through rendering has a better effect. It

can be learned by comparing FIG. 17 and FIG. 19 that an area of a light-colored area in FIG. 19 is5

clearly larger than an area of a light-colored area in FIG. 17. This indicates that a signal that

corresponds to the right ear position and that is obtained through rendering according to the method

in this embodiment of this application is closer to a theoretical signal. In other words, a signal

obtained through rendering has a better effect.

[0279] For functions implemented by an audio signal receive end, the foregoing describes the10

solutions provided in the embodiments of this application. It may be understood that, to implement

the foregoing functions, the audio signal receive end includes corresponding hardware structures

and/or software modules for performing the functions. With reference to units and algorithm steps

in the examples described in the embodiments disclosed in this application, the embodiments of

this application may be implemented in a form of hardware or a combination of hardware and15

computer software. Whether a function is performed by hardware or hardware driven by computer

software depends on particular applications and design constraints of the technical solutions. A

person skilled in the art may use different methods to implement the described functions for each

particular application, but it should not be considered that the implementation goes beyond the

scope of the technical solutions of the embodiments of this application.20

[0280] In the embodiments of this application, the audio signal receive end may be divided

into functional modules based on the foregoing method examples. For example, each function

module may be obtained through division based on each corresponding function, or two or more

functions may be integrated into one processing unit. The foregoing integrated unit may be

implemented in a form of hardware, or may be implemented in a form of a software functional25

module. It should be noted that in the embodiments of this application, division into the modules

is an example and is merely logical function division. During actual implementation, another

division manner may be used.

[0281] FIG. 20 is a schematic structural diagram of an audio processing apparatus according

to an embodiment of this application. Referring to FIG. 20, the apparatus in this embodiment30

includes a processing module 31 and an obtaining module 32.
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[0282] The processing module 31 is configured to obtain M first audio signals by processing

a to-be-processed audio signal by M first virtual speakers, and N second audio signals by

processing the to-be-processed audio signal by N second virtual speakers, where the M first virtual

speakers are in a one-to-one correspondence with the M first audio signals, the N second virtual

speakers are in a one-to-one correspondence with the N second audio signals, and M and N are5

positive integers.

[0283] The obtaining module 32 is configured to obtain M first head-related transfer functions

HRTFs and N second HRTFs, where all the M first HRTFs are centered at a left ear position, all

the N second HRTFs are centered at a right ear position, the M first HRTFs are in a one-to-one

correspondence with the M first virtual speakers, and the N second HRTFs are in a one-to-one10

correspondence with the N second virtual speakers.

[0284] The obtaining module 32 is further configured to: obtain a first target audio signal based

on the M first audio signals and the M first HRTFs, and obtain a second target audio signal based

on the N second audio signals and the N second HRTFs.

[0285] The apparatus in this embodiment may be configured to perform the technical solutions15

of the foregoing method embodiments. Implementation principles and technical effects of the

apparatus are similar to those of the foregoing method embodiments. Details are not described

herein again.

[0286] In a possible design, the obtaining module 32 is specifically configured to:

convolve each of the M first audio signals with a corresponding first HRTF, to obtain20

M first convolved audio signals; and

obtain the first target audio signal based on the M first convolved audio signals.

[0287] In a possible design, the obtaining module 32 is specifically configured to:

convolve each of the N second audio signals with a corresponding second HRTF, to

obtain N second convolved audio signals; and25

obtain the second target audio signal based on the N second convolved audio signals.

[0288] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:

obtain M first positions of the M first virtual speakers relative to the current left ear

position; and30

determine, based on the M first positions and the correspondences, that M HRTFs
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corresponding to the M first positions are the M first HRTFs.

[0289] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:

obtain N second positions of the N second virtual speakers relative to the current right

ear position; and5

determine, based on the N second positions and the correspondences, that N HRTFs

corresponding to the N second positions are the N second HRTFs.

[0290] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:

obtain M third positions of the M first virtual speakers relative to a current head center,10

where the third position includes a first azimuth and a first elevation of the first virtual speaker

relative to the current head center, and includes a first distance between the current head center

and the first virtual speaker;

determine M fourth positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M fourth positions, one fourth position and15

a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one fourth position and a first value is a first azimuth included

in the corresponding third position; and the first value is a difference between a first included angle

and a second included angle, the first included angle is an included angle between a first straight

line and a first plane, the second included angle is an included angle between a second straight line20

and the first plane, the first straight line is a straight line that passes through the current left ear

and a coordinate origin of a three-dimensional coordinate system, the second straight line is a

straight line that passes through the current head center and the coordinate origin, and the first

plane is a plane constituted by an X axis and a Z axis of the three-dimensional coordinate system;

and25

determine, based on the M fourth positions and the correspondences, that M HRTFs

corresponding to the M fourth positions are the M first HRTFs.

[0291] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:

obtain N fifth positions of the N second virtual speakers relative to the current head30

center, where the fifth position includes a second azimuth and a second elevation of the second
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virtual speaker relative to the current head center, and includes a second distance between the

current head center and the second virtual speaker;

determine N sixth positions based on the N fifth positions, where the N fifth positions

are in a one-to-one correspondence with the N sixth positions, one sixth position and a

corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth5

included in the one sixth position and a second value is a second azimuth included in the

corresponding fifth position; and the second value is a difference between a third included angle

and a second included angle, the second included angle is an included angle between a second

straight line and a first plane, the third included angle is an included angle between a third straight

line and the first plane, the second straight line is the straight line that passes through the current10

head center and the coordinate origin, the third straight line is a straight line that passes through

the current right ear and the coordinate origin, and the first plane is the plane constituted by the X

axis and the Z axis of the three-dimensional coordinate system; and

determine, based on the N sixth positions and the correspondences, that N HRTFs

corresponding to the N sixth positions are the N second HRTFs.15

[0292] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:

obtain M third positions of the M first virtual speakers relative to a current head center,

where the third position includes a first azimuth and a first elevation of the first virtual speaker

relative to the current head center, and includes a first distance between the current head center20

and the first virtual speaker;

determine M seventh positions based on the M third positions, where the M third

positions are in a one-to-one correspondence with the M seventh positions, one seventh position

and a corresponding third position include a same elevation and a same distance, and a difference

between an azimuth included in the one seventh position and a first preset value is a first azimuth25

included in the corresponding third position; and

determine, based on the M seventh positions and the correspondences, that M HRTFs

corresponding to the M seventh positions are the M first HRTFs.

[0293] In a possible design, correspondences between a plurality of preset positions and a

plurality of HRTFs are prestored, and the obtaining module 32 is specifically configured to:30

obtain N fifth positions of the N second virtual speakers relative to the current head
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center, where the fifth position includes a second azimuth and a second elevation of the second

virtual speaker relative to the current head center, and includes a second distance between the

current head center and the second virtual speaker;

determine N eighth positions based on the N fifth positions, where the N fifth positions

are in a one-to-one correspondence with the N eighth positions, one eighth position and a5

corresponding fifth position include a same elevation and a same distance, and a sum of an azimuth

included in the one eighth position and the first preset value is a second azimuth included in the

corresponding fifth position; and

determine, based on the N eighth positions and the correspondences, that N HRTFs

corresponding to the N eighth positions are the N second HRTFs.10

[0294] In a possible design, before the M first audio signals are obtained by processing the to-

be-processed audio signal by the M first virtual speakers, the obtaining module 32 is further

configured to: obtain a target virtual speaker group, where the target virtual speaker group includes

M target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence

with the M first virtual speakers; and15

determine M tenth positions of the M first virtual speakers relative to the coordinate

origin of the three-dimensional coordinate system based on M ninth positions of the M target

virtual speakers relative to the coordinate origin, where the M ninth positions are in a one-to-one

correspondence with the M tenth positions, one tenth position and a corresponding ninth position

include a same elevation and a same distance, and a difference between an azimuth included in the20

one tenth position and a second preset value is an azimuth included in the corresponding ninth

position.

[0295] The processing module 32 is specifically configured to process the to-be-processed

audio signal based on the M tenth positions, to obtain the M first audio signals.

[0296] In a possible design, M = N, and before the N second audio signals are obtained by25

processing the to-be-processed audio signal by the N second virtual speakers, the obtaining module

32 is further configured to:

obtain a target virtual speaker group, where the target virtual speaker group includes M

target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence with

the N second virtual speakers; and30

determine N eleventh positions of the N second virtual speakers relative to the
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coordinate origin of the three-dimensional coordinate system based on the M ninth positions of the

M target virtual speakers relative to the coordinate origin, where the M ninth positions are in a

one-to-one correspondence with the N eleventh positions, one eleventh position and a

corresponding ninth position include a same elevation and a same distance, and a sum of an

azimuth included in the one eleventh position and a second preset value is an azimuth included in5

the corresponding ninth position.

[0297] The processing module 32 is specifically configured to process the to-be-processed

audio signal based on the N eleventh positions, to obtain the N second audio signals.

[0298] In a possible design, the M first virtual speakers are speakers in a first speaker group,

the N second virtual speakers are speakers in a second speaker group, and the first speaker group10

and the second speaker group are two independent speaker groups; or

the M first virtual speakers are speakers in a first speaker group, the N second virtual

speakers are speakers in a second speaker group, and the first speaker group and the second speaker

group are a same speaker group, where M = N.

[0299] The apparatus in this embodiment may be configured to perform the technical solutions15

of the foregoing method embodiments. Implementation principles and technical effects of the

apparatus are similar to those of the foregoing method embodiments. Details are not described

herein again.

[0300] An embodiment of this application provides a computer-readable storage medium. The

computer-readable storage medium stores an instruction, and when the instruction is executed, a20

computer is enabled to perform the method in the foregoing method embodiment of this

application.

[0301] In the several embodiments provided in this application, it should be understood that

the disclosed apparatus and method may be implemented in another manner. For example, the

described apparatus embodiments are merely examples. For example, division into units is merely25

logical function division and may be other division during actual implementation. For example, a

plurality of units or components may be combined or integrated into another system, or some

features may be ignored or not performed. In addition, the displayed or discussed mutual couplings

or direct couplings or communication connections may be implemented through some interfaces.

The indirect couplings or communication connections between the apparatuses or units may be30

implemented in an electronic form, a mechanical form, or in another form.
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[0302] The units described as separate parts may or may not be physically separate, and parts 

displayed as units may or may not be physical units, may be located in one position, or may be 

distributed on a plurality of network units. Some or all of the units may be selected based on an 

actual requirement to achieve the objectives of the solutions of the embodiments. 

[0303] In addition, function units in the embodiments of this application may be integrated 5 

into one processing unit, or each of the units may exist alone physically, or two or more units are 

integrated into one unit. The integrated unit may be implemented in a form of hardware, or may 

be implemented in a form of hardware combined with a software functional unit. 

[0304] The foregoing descriptions are merely specific implementations of the present 

disclosure, but are not intended to limit the protection scope of the present disclosure. Any 10 

variation or replacement readily figured out by a person skilled in the art within the technical scope 

disclosed in the present disclosure shall fall within the protection scope of the present disclosure. 

Therefore, the protection scope of the present disclosure shall be subject to the protection scope of 

the claims. 

15 
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CLAIMS 

What is claimed is: 

1. An audio processing method, comprising: 

processing, by M first virtual speakers, a to-be-processed audio signal to obtain M first 

audio signals; 5 

processing, by N second virtual speakers, the to-be-processed audio signal to obtain N 

second audio signals, wherein the M first virtual speakers are in a one-to-one correspondence with 

the M first audio signals, the N second virtual speakers are in a one-to-one correspondence with 

the N second audio signals, and M and N are positive integers;

obtaining M first head-related transfer functions (HRTFs) and N second HRTFs, wherein 10 

all the M first HRTFs are centered at a left ear position, all the N second HRTFs are centered at a 

right ear position, the M first HRTFs are in a one-to-one correspondence with the M first virtual 

speakers, and the N second HRTFs are in a one-to-one correspondence with the N second virtual 

speakers; 

obtaining a first target audio signal based on the M first audio signals and the M first HRTFs; 15 

and  

obtaining a second target audio signal based on the N second audio signals and the N 

second HRTFs. 

2. The audio processing method according to claim 1,  20 

wherein obtaining the first target audio signal based on the M first audio signals and the M 

first HRTFs comprises: 

convolving each of the M first audio signals with a corresponding first HRTF, to 

obtain M first convolved audio signals; and

obtaining the first target audio signal based on the M first convolved audio signals, 25 

or 

wherein obtaining the second target audio signal based on the N second audio signals and 

the N second HRTFs comprises: 

convolving each of the N second audio signals with a corresponding second HRTF, 

to obtain N second convolved audio signals; and30 
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obtaining the second target audio signal based on the N second convolved audio 

signals. 

3. The audio processing method according to claim 1,  

wherein correspondences between a plurality of preset positions and a plurality of HRTFs 5 

are prestored, and  

wherein: 

obtaining the M first HRTFs or the N second HRTFs comprises: 

obtaining M first positions of the M first virtual speakers relative to the 

current left ear position; and 10 

determining, based on the M first positions and the correspondences, that 

M HRTFs corresponding to the M first positions are the M first HRTFs; or

obtaining the N second HRTFs comprises: 

obtaining N second positions of the N second virtual speakers relative to the 

current right ear position; and 15 

determining, based on the N second positions and the correspondences, that 

N HRTFs corresponding to the N second positions are the N second HRTFs. 

4. The audio processing method according to claim 1,  

wherein correspondences between a plurality of preset positions and a plurality of HRTFs 

are prestored, and  20 

wherein: 

obtaining the M first HRTFs or the N second HRTFs comprises: 

obtaining M third positions of the M first virtual speakers relative to a 

current head center, wherein the third position comprises a first azimuth and a first 

elevation of the first virtual speaker relative to the current head center, and 25 

comprises a first distance between the current head center and the first virtual 

speaker; 

determining M fourth positions based on the M third positions, wherein the 

M third positions are in a one-to-one correspondence with the M fourth positions, 

one fourth position and a corresponding third position comprise a same elevation 30 

and a same distance, and a difference between an azimuth comprised in the one 
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fourth position and a first value is a first azimuth comprised in the corresponding 

third position, and the first value is a difference between a first included angle and 

a second included angle, the first included angle is an included angle between a first 

straight line and a first plane, the second included angle is an included angle 

between a second straight line and the first plane, the first straight line is a straight 5 

line that passes through the current left ear and a coordinate origin of a three-

dimensional coordinate system, the second straight line is a straight line that passes 

through the current head center and the coordinate origin, and the first plane is a 

plane constituted by an X axis and a Z axis of the three-dimensional coordinate 

system; and 10 

determining, based on the M fourth positions and the correspondences, that 

M HRTFs corresponding to the M fourth positions are the M first HRTFs; or

obtaining the N second HRTFs comprises: 

obtaining N fifth positions of the N second virtual speakers relative to the 

current head center, wherein the fifth position comprises a second azimuth and a 15 

second elevation of the second virtual speaker relative to the current head center, 

and comprises a second distance between the current head center and the second 

virtual speaker; 

determining N sixth positions based on the N fifth positions, wherein the N 

fifth positions are in a one-to-one correspondence with the N sixth positions, one 20 

sixth position and a corresponding fifth position comprise a same elevation and a 

same distance, and a sum of an azimuth comprised in the one sixth position and a 

second value is a second azimuth comprised in the corresponding fifth position, and 

the second value is a difference between a third included angle and a second 

included angle, the second included angle is an included angle between a second 25 

straight line and a first plane, the third included angle is an included angle between 

a third straight line and the first plane, the second straight line is the straight line 

that passes through the current head center and the coordinate origin, the third 

straight line is a straight line that passes through the current right ear and the 

coordinate origin, and the first plane is the plane constituted by the X axis and the 30 

Z axis of the three-dimensional coordinate system; and 
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determining, based on the N sixth positions and the correspondences, that 

N HRTFs corresponding to the N sixth positions are the N second HRTFs. 

5. The audio processing method according to claim 1,  

wherein correspondences between a plurality of preset positions and a plurality of HRTFs 5 

are prestored, and  

wherein: 

obtaining the M first HRTFs or the N second HRTFs comprises: 

obtaining M third positions of the M first virtual speakers relative to a 

current head center, wherein the third position comprises a first azimuth and a first 10 

elevation of the first virtual speaker relative to the current head center, and 

comprises a first distance between the current head center and the first virtual 

speaker; 

determining M seventh positions based on the M third positions, wherein 

the M third positions are in a one-to-one correspondence with the M seventh 15 

positions, one seventh position and a corresponding third position comprise a same 

elevation and a same distance, and a difference between an azimuth comprised in 

the one seventh position and a first preset value is a first azimuth comprised in the 

corresponding third position; and 

determining, based on the M seventh positions and the correspondences, 20 

that M HRTFs corresponding to the M seventh positions are the M first HRTFs; or

obtaining the N second HRTFs comprises: 

obtaining N fifth positions of the N second virtual speakers relative to the 

current head center, wherein the fifth position comprises a second azimuth and a 

second elevation of the second virtual speaker relative to the current head center, 25 

and comprises a second distance between the current head center and the second 

virtual speaker; 

determining N eighth positions based on the N fifth positions, wherein the 

N fifth positions are in a one-to-one correspondence with the N eighth positions, 

one eighth position and a corresponding fifth position comprise a same elevation 30 

and a same distance, and a sum of an azimuth comprised in the one eighth position 
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and the first preset value is a second azimuth comprised in the corresponding fifth 

position; and 

determining, based on the N eighth positions and the correspondences, that 

N HRTFs corresponding to the N eighth positions are the N second HRTFs. 

5 

6. The audio processing method according to claim 1,  

wherein before obtaining the M first audio signals by processing the to-be-processed audio 

signal by the M first virtual speakers, the audio processing method further comprises: 

obtaining a target virtual speaker group, wherein the target virtual speaker group 

comprises M target virtual speakers, and the M target virtual speakers are in a one-to-one 10 

correspondence with the M first virtual speakers; and

determining M tenth positions of the M first virtual speakers relative to a coordinate 

origin of a three-dimensional coordinate system based on M ninth positions of the M target 

virtual speakers relative to the coordinate origin, wherein the M ninth positions are in a 

one-to-one correspondence with the M tenth positions, one tenth position and a 15 

corresponding ninth position comprise a same elevation and a same distance, and a 

difference between an azimuth comprised in the one tenth position and a second preset 

value is an azimuth comprised in the corresponding ninth position, and 

wherein obtaining the M first audio signals by processing the to-be-processed audio signal 

by the M first virtual speakers comprises processing the to-be-processed audio signal based on the 20 

M tenth positions to obtain the M first audio signals. 

7. The audio processing method according to claim 1,  

wherein M = N,  

wherein before obtaining the N second audio signals by processing the to-be-processed 25 

audio signal by the N second virtual speakers, the audio processing method further comprises: 

obtaining a target virtual speaker group, wherein the target virtual speaker group 

comprises M target virtual speakers, and the M target virtual speakers are in a one-to-one 

correspondence with the N second virtual speakers; and

determining N eleventh positions of the N second virtual speakers relative to a 30 

coordinate origin of a three-dimensional coordinate system based on M ninth positions of 
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the M target virtual speakers relative to the coordinate origin, wherein the M ninth positions 

are in a one-to-one correspondence with the N eleventh positions, one eleventh position 

and a corresponding ninth position comprise a same elevation and a same distance, and a 

sum of an azimuth comprised in the one eleventh position and a second preset value is an 

azimuth comprised in the corresponding ninth position, and 5 

wherein obtaining the N second audio signals by processing the to-be-processed audio 

signal by the N second virtual speakers comprises processing the to-be-processed audio signal 

based on the N eleventh positions to obtain the N second audio signals. 

8. The audio processing method according to claim 1, wherein the M first virtual speakers are 10 

speakers in a first speaker group and the N second virtual speakers are speakers in a second speaker 

group, wherein M = N, and wherein either: 

the first speaker group and the second speaker group are two independent speaker groups; 

or 

the first speaker group and the second speaker group are a same speaker group. 15 

9. An audio processing apparatus, comprising: 

at least one processor; and

a memory coupled to the at least one processor and storing computer executable 

instructions for execution by the at least one processor, wherein the computer executable 20 

instructions instruct the at least one processor to: 

process, by M first virtual speakers, a to-be-processed audio signal to obtain M first 

audio signals;

process, by N second virtual speakers, the to-be-processed audio signal to obtain N 

second audio signals, wherein the M first virtual speakers are in a one-to-one 25 

correspondence with the M first audio signals, the N second virtual speakers are in a one-

to-one correspondence with the N second audio signals, and M and N are positive integers; 

obtain M first head-related transfer functions (HRTFs) and N second HRTFs, 

wherein all the M first HRTFs are centered at a left ear position, all the N second HRTFs 

are centered at a right ear position, the M first HRTFs are in a one-to-one correspondence 30 



67 

with the M first virtual speakers, and the N second HRTFs are in a one-to-one 

correspondence with the N second virtual speakers; 

obtain a first target audio signal based on the M first audio signals and the M first 

HRTFs; and 

obtain a second target audio signal based on the N second audio signals and the N 5 

second HRTFs. 

10. The audio processing apparatus according to claim 9, wherein the computer executable 

instructions further instruct the at least one processor to: 

convolve each of the M first audio signals with a corresponding first HRTF to obtain M 10 

first convolved audio signals, and obtain the first target audio signal based on the M first convolved 

audio signals; or

convolve each of the N second audio signals with a corresponding second HRTF, to obtain 

N second convolved audio signals, and obtain the second target audio signal based on the N second 

convolved audio signals. 15 

11. The audio processing apparatus according to claim 9, wherein the computer executable 

instructions further instruct the at least one processor to: 

obtain M first positions of the M first virtual speakers relative to the current left ear position; 

and determine, based on the M first positions and correspondences, that M HRTFs corresponding 20 

to the M first positions are the M first HRTFs, wherein the correspondences are prestored 

correspondences between a plurality of preset positions and a plurality of HRTFs; or

obtain N second positions of the N second virtual speakers relative to the current right ear 

position; and determine, based on the N second positions and correspondences, that N HRTFs 

corresponding to the N second positions are the N second HRTFs, wherein the correspondences 25 

are prestored correspondences between a plurality of preset positions and a plurality of HRTFs. 

12. The audio processing apparatus according to claim 9, wherein the computer executable 

instructions further instruct the at least one processor to: 

obtain M third positions of the M first virtual speakers relative to a current head center, 30 

wherein the third position comprises a first azimuth and a first elevation of the first virtual speaker 
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relative to the current head center, and comprises a first distance between the current head center 

and the first virtual speaker; determine M fourth positions based on the M third positions, wherein 

the M third positions are in a one-to-one correspondence with the M fourth positions, one fourth 

position and a corresponding third position comprise a same elevation and a same distance, and a 

difference between an azimuth comprised in the one fourth position and a first value is a first 5 

azimuth comprised in the corresponding third position, and the first value is a difference between 

a first included angle and a second included angle, the first included angle is an included angle 

between a first straight line and a first plane, the second included angle is an included angle 

between a second straight line and the first plane, the first straight line is a straight line that passes 

through the current left ear and a coordinate origin of a three-dimensional coordinate system, the 10 

second straight line is a straight line that passes through the current head center and the coordinate 

origin, and the first plane is a plane constituted by an X axis and a Z axis of the three-dimensional 

coordinate system; and determine, based on the M fourth positions and correspondences, that M 

HRTFs corresponding to the M fourth positions are the M first HRTFs, wherein the 

correspondences are prestored correspondences between a plurality of preset positions and a 15 

plurality of HRTFs; or

obtain N fifth positions of the N second virtual speakers relative to the current head center, 

wherein the fifth position comprises a second azimuth and a second elevation of the second virtual 

speaker relative to the current head center, and comprises a second distance between the current 

head center and the second virtual speaker; determine N sixth positions based on the N fifth 20 

positions, wherein the N fifth positions are in a one-to-one correspondence with the N sixth 

positions, one sixth position and a corresponding fifth position comprise a same elevation and a 

same distance, and a sum of an azimuth comprised in the one sixth position and a second value is 

a second azimuth comprised in the corresponding fifth position, and the second value is a 

difference between a third included angle and a second included angle, the second included angle 25 

is an included angle between a second straight line and a first plane, the third included angle is an 

included angle between a third straight line and the first plane, the second straight line is the 

straight line that passes through the current head center and the coordinate origin, the third straight 

line is a straight line that passes through the current right ear and the coordinate origin, and the 

first plane is the plane constituted by the X axis and the Z axis of the three-dimensional coordinate 30 

system; and determine, based on the N sixth positions and correspondences, that N HRTFs 
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corresponding to the N sixth positions are the N second HRTFs, wherein the correspondences are 

prestored correspondences between a plurality of preset positions and a plurality of HRTFs. 

13. The audio processing apparatus according to claim 9, wherein the computer executable 

instructions further instruct the at least one processor to: 5 

obtain M third positions of the M first virtual speakers relative to a current head center, 

wherein the third position comprises a first azimuth and a first elevation of the first virtual speaker 

relative to the current head center, and comprises a first distance between the current head center 

and the first virtual speaker; determine M seventh positions based on the M third positions, wherein 

the M third positions are in a one-to-one correspondence with the M seventh positions, one seventh 10 

position and a corresponding third position comprise a same elevation and a same distance, and a 

difference between an azimuth comprised in the one seventh position and a first preset value is a 

first azimuth comprised in the corresponding third position; and determine, based on the M seventh 

positions and correspondences, that M HRTFs corresponding to the M seventh positions are the M 

first HRTFs, wherein the correspondences are prestored correspondences between a plurality of 15 

preset positions and a plurality of HRTFs; or

obtain N fifth positions of the N second virtual speakers relative to the current head center, 

wherein the fifth position comprises a second azimuth and a second elevation of the second virtual 

speaker relative to the current head center, and comprises a second distance between the current 

head center and the second virtual speaker; determine N eighth positions based on the N fifth 20 

positions, wherein the N fifth positions are in a one-to-one correspondence with the N eighth 

positions, one eighth position and a corresponding fifth position comprise a same elevation and a 

same distance, and a sum of an azimuth comprised in the one eighth position and the first preset 

value is a second azimuth comprised in the corresponding fifth position; and determine, based on 

the N eighth positions and correspondences, that N HRTFs corresponding to the N eighth positions 25 

are the N second HRTFs, wherein the correspondences are prestored correspondences between a 

plurality of preset positions and a plurality of HRTFs. 

14. The audio processing apparatus according to claim 9, wherein the computer executable 

instructions further instruct the at least one processor to: 30 
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obtain a target virtual speaker group, wherein the target virtual speaker group comprises M 

target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence with 

the M first virtual speakers; 

determine M tenth positions of the M first virtual speakers relative to a coordinate origin 

of a three-dimensional coordinate system based on M ninth positions of the M target virtual 5 

speakers relative to the coordinate origin, wherein the M ninth positions are in a one-to-one 

correspondence with the M tenth positions, one tenth position and a corresponding ninth position 

comprise a same elevation and a same distance, and a difference between an azimuth comprised 

in the one tenth position and a second preset value is an azimuth comprised in the corresponding 

ninth position; and10 

process the to-be-processed audio signal based on the M tenth positions to obtain the M 

first audio signals. 

15. The audio processing apparatus according to claim 9, wherein M = N, and the computer 

executable instructions further instruct the at least one processor to: 15 

obtain a target virtual speaker group, wherein the target virtual speaker group comprises M 

target virtual speakers, and the M target virtual speakers are in a one-to-one correspondence with 

the N second virtual speakers; 

determine N eleventh positions of the N second virtual speakers relative to a coordinate 

origin of a three-dimensional coordinate system based on the M ninth positions of the M target 20 

virtual speakers relative to the coordinate origin, wherein the M ninth positions are in a one-to-one 

correspondence with the N eleventh positions, one eleventh position and a corresponding ninth 

position comprise a same elevation and a same distance, and a sum of an azimuth comprised in the 

one eleventh position and a second preset value is an azimuth comprised in the corresponding 

ninth position; and25 

process the to-be-processed audio signal based on the N eleventh positions to obtain the N 

second audio signals. 

16. The audio processing apparatus according to claim 9, wherein the M first virtual speakers are 

speakers in a first speaker group, the N second virtual speakers are speakers in a second speaker 30 

group, wherein M = N, and wherein either: 
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the first speaker group and the second speaker group are two independent speaker groups; 

or 

the first speaker group and the second speaker group are a same speaker group. 

17. A non-transitory computer-readable storage medium storing computer instructions that, when 5 

executed by one or more processors, cause the one or more processors to: 

process, by M first virtual speakers, a to-be-processed audio signal to obtain M first audio 

signals; 

process, by N second virtual speakers, the to-be-processed audio signal to obtain N second 

audio signals, wherein the M first virtual speakers are in a one-to-one correspondence with the M 10 

first audio signals, the N second virtual speakers are in a one-to-one correspondence with the N 

second audio signals, and M and N are positive integers;

obtain M first head-related transfer functions (HRTFs) and N second HRTFs, wherein all 

the M first HRTFs are centered at a left ear position, all the N second HRTFs are centered at a right 

ear position, the M first HRTFs are in a one-to-one correspondence with the M first virtual speakers, 15 

and the N second HRTFs are in a one-to-one correspondence with the N second virtual speakers; 

obtain a first target audio signal based on the M first audio signals and the M first HRTFs; 

and  

obtain a second target audio signal based on the N second audio signals and the N second 

HRTFs. 20 

18. The non-transitory computer-readable storage medium according to claim 17, wherein the 

computer instructions further cause the one or more processors to: 

convolve each of the M first audio signals with a corresponding first HRTF to obtain M 

first convolved audio signals, and obtain the first target audio signal based on the M first convolved 25 

audio signals; or

convolve each of the N second audio signals with a corresponding second HRTF to obtain 

N second convolved audio signals, and obtain the second target audio signal based on the N second 

convolved audio signals. 

30 
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19. The non-transitory computer-readable storage medium according to claim 17, wherein the 

computer instructions further cause the one or more processors to: 

obtain M first positions of the M first virtual speakers relative to the current left ear position; 

and determine, based on the M first positions and correspondences between a plurality of preset 

positions and a plurality of HRTFs, that M HRTFs corresponding to the M first positions are the 5 

M first HRTFs; or

obtain N second positions of the N second virtual speakers relative to the current right ear 

position; and determine, based on the N second positions and the correspondences, that N HRTFs 

corresponding to the N second positions are the N second HRTFs. 

10 

20. The non-transitory computer-readable storage medium according to claim 17, wherein the 

computer instructions further cause the one or more processors to: 

obtain M third positions of the M first virtual speakers relative to a current head center, 

wherein the third position comprises a first azimuth and a first elevation of the first virtual speaker 

relative to the current head center, and comprises a first distance between the current head center 15 

and the first virtual speaker; determine M fourth positions based on the M third positions, wherein 

the M third positions are in a one-to-one correspondence with the M fourth positions, one fourth 

position and a corresponding third position comprise a same elevation and a same distance, and a 

difference between an azimuth comprised in the one fourth position and a first value is a first 

azimuth comprised in the corresponding third position, and the first value is a difference between 20 

a first included angle and a second included angle, the first included angle is an included angle 

between a first straight line and a first plane, the second included angle is an included angle 

between a second straight line and the first plane, the first straight line is a straight line that passes 

through the current left ear and a coordinate origin of a three-dimensional coordinate system, the 

second straight line is a straight line that passes through the current head center and the coordinate 25 

origin, and the first plane is a plane constituted by an X axis and a Z axis of the three-dimensional 

coordinate system; and determine, based on the M fourth positions and correspondences between 

a plurality of preset positions and a plurality of HRTFs, that M HRTFs corresponding to the M 

fourth positions are the M first HRTFs; or

obtain N fifth positions of the N second virtual speakers relative to the current head center, 30 

wherein the fifth position comprises a second azimuth and a second elevation of the second virtual 
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speaker relative to the current head center, and comprises a second distance between the current 

head center and the second virtual speaker; determine N sixth positions based on the N fifth 

positions, wherein the N fifth positions are in a one-to-one correspondence with the N sixth 

positions, one sixth position and a corresponding fifth position comprise a same elevation and a 

same distance, and a sum of an azimuth comprised in the one sixth position and a second value is 5 

a second azimuth comprised in the corresponding fifth position, and the second value is a 

difference between a third included angle and a second included angle, the second included angle 

is an included angle between a second straight line and a first plane, the third included angle is an 

included angle between a third straight line and the first plane, the second straight line is the 

straight line that passes through the current head center and the coordinate origin, the third straight 10 

line is a straight line that passes through the current right ear and the coordinate origin, and the 

first plane is the plane constituted by the X axis and the Z axis of the three-dimensional coordinate 

system; and determine, based on the N sixth positions and the correspondences, that N HRTFs 

corresponding to the N sixth positions are the N second HRTFs. 

15 

21. The non-transitory computer-readable storage medium according to claim 17, wherein the 

computer instructions further cause the one or more processors to: 

obtain M third positions of the M first virtual speakers relative to a current head center, 

wherein the third position comprises a first azimuth and a first elevation of the first virtual speaker 

relative to the current head center, and comprises a first distance between the current head center 20 

and the first virtual speaker; determine M seventh positions based on the M third positions, wherein 

the M third positions are in a one-to-one correspondence with the M seventh positions, one seventh 

position and a corresponding third position comprise a same elevation and a same distance, and a 

difference between an azimuth comprised in the one seventh position and a first preset value is a 

first azimuth comprised in the corresponding third position; and determine, based on the M seventh 25 

positions and correspondences between a plurality of preset positions and a plurality of HRTFs, 

that M HRTFs corresponding to the M seventh positions are the M first HRTFs; or

obtain N fifth positions of the N second virtual speakers relative to the current head center, 

wherein the fifth position comprises a second azimuth and a second elevation of the second virtual 

speaker relative to the current head center, and comprises a second distance between the current 30 

head center and the second virtual speaker; determine N eighth positions based on the N fifth 
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positions, wherein the N fifth positions are in a one-to-one correspondence with the N eighth 

positions, one eighth position and a corresponding fifth position comprise a same elevation and a 

same distance, and a sum of an azimuth comprised in the one eighth position and the first preset 

value is a second azimuth comprised in the corresponding fifth position; and determine, based on 

the N eighth positions and the correspondences, that N HRTFs corresponding to the N eighth 5 

positions are the N second HRTFs. 
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