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(57) Embodiments of this application disclose encod-
ing and decoding methods and apparatuses, devices, a
storage medium, and a computer program, and belong
to the field of three-dimensional audio encoding and de-
coding technologies. The method includes: separately
performing transient state detection on signals of M chan-
nels included in a time-domain three-dimensional audio
signal of a current frame, to obtain M transient state de-
tection results; determining a global transient state de-
tection result based on the M transient state detection
results; converting the time-domain three-dimensional
audio signal into a frequency-domain three-dimensional
audio signal based on the global transient state detection
result; performing spatial encoding on the frequency-do-
main three-dimensional audio signal to obtain a spatial
encoding parameter and frequency-domain signals of N
transmission channels; encoding the frequency-domain
signals of the N transmission channels based on the glo-
bal transient state detection result to obtain a frequen-
cy-domain signal encoding result; encoding the spatial
encoding parameter to obtain a spatial encoding param-
eter encoding result; and writing the spatial encoding pa-
rameter encoding result and the frequency-domain sig-
nal encoding result into a bistream. This can reduce en-

coding complexity and improve encoding efficiency.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 202111155355.4, filed on September
29, 2021, and is hereby incorporated by reference in it
entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the
field of three-dimensional audio encoding and decoding
technologies, and in particular, to encoding and decoding
methods and apparatuses, devices, a storage medium,
and a computer program.

BACKGROUND

[0003] A three-dimensional audio technology is an au-
dio technology that obtains, processes, transmits,
renders, and plays back sound events and three-dimen-
sional sound field information in the real world through
computer and signal processing. To achieve better audio
auditory effect, a three-dimensional audio signal usually
needs to include a large amount of data, to record spatial
information of a sound scenario in more detail. However,
it is difficult to transmit and store the large amount of data.
Therefore, the three-dimensional audio signal needs to
be encoded and decoded.
[0004] As a three-dimensional audio technology, a
higher order ambisonics (higher order ambisonics, HOA)
audio technology has a property irrelevant to a speaker
layout in recording, encoding, and playback phases, and
data in an HOA format has a feature of rotatable play-
back. Therefore, an HOA signal has higher flexibility dur-
ing playback, and attracts more attention.
[0005] A related technology proposes a method for en-
coding an HOA signal. In the method, time-frequency
transform is first performed on a time-domain HOA signal
to obtain a frequency-domain HOA signal, and spatial
encoding is performed on the frequency-domain HOA
signal to obtain frequency-domain signals of a plurality
of channels. Then, time-frequency inverse transform is
performed on a frequency-domain signal of each channel
to obtain a time-domain signal of each channel, and tran-
sient state detection is performed on the time-domain
signal of each channel to obtain a transient state detec-
tion result of each channel. Then, time-frequency trans-
form is performed again on the time-domain signal of
each channel to obtain the frequency-domain signal of
each channel, and the frequency-domain signal of each
channel is encoded based on the transient state detec-
tion result of each channel.
[0006] However, in the foregoing method, an audio sig-
nal needs to be transformed between a time domain and
a frequency domain for a plurality of times. This increases
encoding complexity and further reduces encoding effi-
ciency.

SUMMARY

[0007] Embodiments of this application provide encod-
ing and decoding methods and apparatuses, devices, a
storage medium, and a computer program, to reduce en-
coding complexity and improve encoding efficiency. The
technical solutions are as follows.
[0008] According to a first aspect, an encoding method
is provided, including: separately performing transient
state detection on signals of M channels included in a
time-domain three-dimensional audio signal of a current
frame, to obtain M transient state detection results cor-
responding to the M channels, where M is an integer
greater than 1; determining a global transient state de-
tection result based on the M transient state detection
results; converting the time-domain three-dimensional
audio signal into a frequency-domain three-dimensional
audio signal based on the global transient state detection
result; performing spatial encoding on the frequency-do-
main three-dimensional audio signal based on the global
transient state detection result to obtain a spatial encod-
ing parameter and frequency-domain signals of N trans-
mission channels, where N is an integer greater than or
equal to 1 and less than or equal to M; encoding the
frequency-domain signals of the N transmission chan-
nels based on the global transient state detection result
to obtain a frequency-domain signal encoding result; en-
coding the spatial encoding parameter to obtain a spatial
encoding parameter encoding result; and writing the spa-
tial encoding parameter encoding result and the frequen-
cy-domain signal encoding result into a bistream.
[0009] The transient state detection result includes a
transient state flag, or the transient state detection result
includes a transient state flag and transient state position
information. The transient state flag indicates whether a
signal of a corresponding channel is a transient state
signal. The transient state position information indicates
a position in which a transient state occurs in the signal
of the corresponding channel. The M transient state de-
tection results corresponding to the M channels may be
determined in a plurality of manners. The following de-
scribes one of the manners. Because the transient state
detection result corresponding to each of the M channels
is determined in a same manner, the following uses one
of the channels as an example to describe a manner of
determining the transient state detection result corre-
sponding to the channel. For ease of description, the
channel is referred to as a target channel, and the fol-
lowing separately describes a transient state flag and
transient state position information of the target channel.
[0010] A manner of determining the transient state flag
of the target channel includes: determining, based on a
signal of the target channel, a transient state detection
parameter corresponding to the target channel; and de-
termining, based on the transient state detection param-
eter corresponding to the target channel, the transient
state flag corresponding to the target channel.
[0011] In an example, the transient state detection pa-
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rameter corresponding to the target channel is an abso-
lute value of an inter-frame energy difference. To be spe-
cific, energy of the signal of the target channel in the
current frame and energy of a signal of a target channel
in a previous frame relative to the current frame are de-
termined, and an absolute value of a difference between
the energy of the signal of the target channel in the current
frame and the energy of the signal of the target channel
in the previous frame is determined to obtain the absolute
value of the inter-frame energy difference. If the absolute
value of the inter-frame energy difference exceeds a first
energy difference threshold, it is determined that the tran-
sient state flag corresponding to the target channel in the
current frame is a first value. Otherwise, it is determined
that the transient state flag corresponding to the target
channel in the current frame is a second value.
[0012] In another example, the transient state detec-
tion parameter corresponding to the target channel is an
absolute value of a subframe energy difference. To be
specific, the signal of the target channel in the current
frame includes signals of a plurality of subframes, and
the absolute value of the subframe energy difference cor-
responding to each of the plurality of subframes is deter-
mined to determine a transient state flag corresponding
to each subframe. If a subframe whose transient state
flag is the first value exists in the plurality of subframes,
it is determined that the transient state flag corresponding
to the target channel in the current frame is the first value.
If no subframe whose transient state flag is the first value
exists in the plurality of subframes, it is determined that
the transient state flag corresponding to the target chan-
nel in the current frame is the second value.
[0013] A manner of determining the transient state po-
sition information of the target channel includes: deter-
mining, based on the transient state flag corresponding
to the target channel, the transient state position infor-
mation corresponding to the target channel.
[0014] In an example, if the transient state flag corre-
sponding to the target channel is the first value, the tran-
sient state position information corresponding to the tar-
get channel is determined. If the transient state flag cor-
responding to the target channel is the second value, it
is determined that the target channel does not have cor-
responding transient state position information, or the
transient state position information corresponding to the
target channel is set to a preset value, for example, set
to -1.
[0015] In some embodiments, the transient state de-
tection result includes the transient state flag. The global
transient state detection result includes a global transient
state flag. The transient state flag indicates whether a
signal of a corresponding channel is a transient state
signal. The determining a global transient state detection
result based on the M transient state detection results
includes: if a quantity of transient state flags that are the
first value in the M transient state flags is greater than or
equal to m, determining that the global transient state
flag is the first value, where m is a positive integer greater

than 0 and less than M; or if a quantity of channels that
meet a first preset condition and whose corresponding
transient state flags are the first value in the M channels
is greater than or equal to n, determining that the global
transient state flag is the first value, where n is a positive
integer greater than 0 and less than M.
[0016] Herein, m and n are preset values, and m and
n can also be adjusted based on different requirements.
If the three-dimensional audio signal is an HOA signal,
the first preset condition includes belonging to channels
of a first-order ambisonics (first-order ambisonics, FOA)
signal. For example, the channels of the FOA signal may
include first four channels in the HOA signal. In other
words, if the three-dimensional audio signal is the HOA
signal, if a quantity of channels whose corresponding
transient state flags are the first value in the channels of
the FOA signal in the three-dimensional audio signal of
the current frame is greater than or equal to n, it is de-
termined that the global transient state flag is the first
value. Certainly, the first preset condition may alterna-
tively be another condition.
[0017] In some other embodiments, the transient state
detection result further includes transient state position
information. The global transient state detection result
further includes global transient state position informa-
tion. The transient state position information indicates a
position in which a transient state occurs in the signal of
the corresponding channel. The determining a global
transient state detection result based on the M transient
state detection results includes: if only one transient state
flag in the M transient state flags is the first value, deter-
mining transient state position information corresponding
to a channel whose transient state flag is the first value
as the global transient state position information; or if at
least two transient state flags in the M transient state
flags are the first value, determining transient state po-
sition information, as the global transient state position
information, corresponding to a channel with a largest
transient state detection parameter in at least two chan-
nels corresponding to the at least two transient state
flags.
[0018] Alternatively, if at least two transient state flags
in the M transient state flags are the first value, and a
difference between transient state position information
corresponding to two channels is less than a position
difference threshold, an average value of the transient
state position information corresponding to the two chan-
nels is determined as the global transient state position
information. The position difference threshold is preset
and can be adjusted based on different requirements.
[0019] Based on the foregoing descriptions, a transient
state detection parameter corresponding to a channel is
an absolute value of an inter-frame energy difference or
an absolute value of a subframe energy difference. If the
transient state detection parameter corresponding to the
channel is the absolute value of the inter-frame energy
difference, one channel corresponds to one absolute val-
ue of the inter-frame energy difference. In this case, a
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channel corresponding to a largest absolute value of the
inter-frame energy difference may be selected from the
at least two channels, and then transient state position
information corresponding to the selected channel is de-
termined as the global transient state position informa-
tion. If the transient state detection parameter corre-
sponding to the channel is the absolute value of the sub-
frame energy difference, one channel corresponds to a
plurality of absolute values of the subframe energy dif-
ference. In this case, a channel corresponding to a largest
absolute value of the subframe energy difference may
be selected from the at least two channels, and then tran-
sient state position information corresponding to the se-
lected channel is determined as the global transient state
position information.
[0020] Optionally, the converting the time-domain
three-dimensional audio signal into a frequency-domain
three-dimensional audio signal based on the global tran-
sient state detection result includes: determining a target
encoding parameter based on the global transient state
detection result, where the target encoding parameter
includes a window function type of the current frame
and/or a frame type of the current frame; and converting
the time-domain three-dimensional audio signal into the
frequency-domain three-dimensional audio signal based
on the target encoding parameter.
[0021] In an example, the global transient state detec-
tion result includes the global transient state flag. An im-
plementation process of determining the window function
type of the current frame based on the global transient
state detection result includes: if the global transient state
flag is the first value, determining a type of a first preset
window function as the window function type of the cur-
rent frame; or if the global transient state flag is the sec-
ond value, determining a type of a second preset window
function as the window function type of the current frame.
A window length of the first preset window function is less
than a window length of the second preset window func-
tion.
[0022] In another example, the global transient state
detection result includes the global transient state flag
and the global transient state position information. An
implementation process of determining the window func-
tion type of the current frame based on the global tran-
sient state detection result includes: if the global transient
state flag is the first value, determining the window func-
tion type of the current frame based on the global tran-
sient state position information; or if the global transient
state flag is the second value, determining a type of a
third preset window function as the window function type
of the current frame, or determining the window function
type of the current frame based on a window function
type of a previous frame relative to the current frame.
[0023] The global transient state detection result may
include only the global transient state flag, or may include
the global transient state flag and the global transient
state position information. In addition, the global transient
state position information may be transient state position

information corresponding to a channel whose transient
state flag is the first value, or may be a preset value. If
global transient state detection results are different, the
frame type of the current frame is determined in different
manners. Therefore, the following separately describes
the following three cases.
[0024] In a first case, the global transient state detec-
tion result includes the global transient state flag. An im-
plementation process of determining the frame type of
the current frame based on the global transient state de-
tection result includes: if the global transient state flag is
the first value, determining that the frame type of the cur-
rent frame is a first type, where the first type indicates
that the current frame includes a plurality of short frames;
or if the global transient state flag is the second value,
determining that the frame type of the current frame is a
second type, where the second type indicates that the
current frame includes a long frame.
[0025] In a second case, the global transient state de-
tection result includes the global transient state flag and
the global transient state position information. An imple-
mentation process of determining the frame type of the
current frame based on the global transient state detec-
tion result includes: if the global transient state flag is the
first value and the global transient state position informa-
tion meets a second preset condition, determining that
the frame type of the current frame is a third type, where
the third type indicates that the current frame includes a
plurality of ultra-short frames; if the global transient state
flag is the first value and the global transient state position
information does not meet the second preset condition,
determining that the frame type of the current frame is a
first type, where the first type indicates that the current
frame includes a plurality of short frames; or if the global
transient state flag is the second value, determining that
the frame type of the current frame is a second type,
where the second type indicates that the current frame
includes a long frame. A frame length of an ultra-short
frame is less than a frame length of a short frame. A frame
length of a short frame is less than a frame length of a
long frame. The second preset condition may be that a
distance between a transient state occurrence position
indicated by the global transient state position informa-
tion and a start position of the current frame is less than
the frame length of the ultra-short frame, or a distance
between the transient state occurrence position indicated
by the global transient state position information and an
end position of the current frame is less than the frame
length of the ultra-short frame.
[0026] In a third case, the global transient state detec-
tion result includes the global transient state position in-
formation. An implementation process of determining the
frame type of the current frame based on the global tran-
sient state detection result includes: if the global transient
state position information is a preset value, for example,
-1, determining that the frame type of the current frame
is a second type, where the second type indicates that
the current frame includes a long frame; if the global tran-
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sient state position information is not the preset value
and meets a second preset condition, determining that
the frame type of the current frame is a third type, where
the third type indicates that the current frame includes a
plurality of ultra-short frames; or if the global transient
state position information is not the preset value and does
not meet the second preset condition, determining that
the frame type of the current frame is a first type, where
the first type indicates that the current frame includes a
plurality of short frames. A frame length of an ultra-short
frame is less than a frame length of a short frame. A frame
length of a short frame is less than a frame length of a
long frame. The second preset condition may be that a
distance between a transient state occurrence position
indicated by the global transient state position informa-
tion and a start position of the current frame is less than
the frame length of the ultra-short frame, or a distance
between the transient state occurrence position indicated
by the global transient state position information and an
end position of the current frame is less than the frame
length of the ultra-short frame.
[0027] It should be noted that the window function type
of the current frame indicates a shape and a length of a
window function corresponding to the current frame. The
window function of the current frame is used for perform-
ing windowing processing on the time-domain three-di-
mensional audio signal of the current frame. The frame
type of the current frame indicates whether the current
frame is an ultra-short frame, a short frame, or a long
frame. The ultra-short frame, the short frame, and the
long frame may be distinguished based on duration of
the frames. The specific duration may be set based on
different requirements. This is not limited in this embod-
iment of this application.
[0028] Based on the foregoing descriptions, the target
encoding parameter includes the window function type
of the current frame and/or the frame type of the current
frame. To be specific, the target encoding parameter in-
cludes the window function type of the current frame, or
the target encoding parameter includes the frame type
of the current frame, or the target encoding parameter
includes the window function type and the frame type of
the current frame. When parameters included in the tar-
get encoding parameter are different, processes of con-
verting the time-domain three-dimensional audio signal
of the current frame into the frequency-domain three-di-
mensional audio signal based on the target encoding pa-
rameter are different. Therefore, descriptions are sepa-
rately provided below.
[0029] In a first case, the target encoding parameter
includes the window function type of the current frame.
In this case, windowing processing is performed on the
time-domain three-dimensional audio signal of the cur-
rent frame based on the window function indicated by
the window function type of the current frame. Then, a
three-dimensional audio signal obtained through the win-
dowing processing is converted into the frequency-do-
main three-dimensional audio signal.

[0030] In a second case, the target encoding parame-
ter includes the frame type of the current frame. In this
case, if the frame type of the current frame is the first
type, it indicates that the current frame includes a plurality
of short frames. In this case, a time-domain three-dimen-
sional audio signal of each short frame included in the
current frame is converted into a frequency-domain
three-dimensional audio signal. If the frame type of the
current frame is the second type, it indicates that the cur-
rent frame includes a long frame. In this case, a time-
domain three-dimensional audio signal of the long frame
included in the current frame is directly converted into a
frequency-domain three-dimensional audio signal. If the
frame type of the current frame is the third type, it indi-
cates that the current frame includes a plurality of ultra-
short frames. In this case, a time-domain three-dimen-
sional audio signal of each ultra-short frame included in
the current frame is converted into a frequency-domain
three-dimensional audio signal.
[0031] In a third case, the target encoding parameter
includes the window function type and the frame type of
the current frame. In this case, if the frame type of the
current frame is the first type, it indicates that the current
frame includes a plurality of short frames. In this case,
windowing processing is performed, based on the win-
dow function indicated by the window function type of the
current frame, on a time-domain three-dimensional audio
signal of each short frame included in the current frame,
and a time-domain three-dimensional audio signal of
each short frame obtained through the windowing
processing is converted into a frequency-domain three-
dimensional audio signal. If the frame type of the current
frame is the second type, it indicates that the current
frame includes a long frame. In this case, windowing
processing is performed, based on the window function
indicated by the window function type of the current
frame, on a time-domain three-dimensional audio signal
of the long frame included in the current frame, and a
time-domain three-dimensional audio signal of the long
frame obtained through the windowing processing is con-
verted into a frequency-domain three-dimensional audio
signal. If the frame type of the current frame is the third
type, it indicates that the current frame includes a plurality
of ultra-short frames. In this case, windowing processing
is performed, based on the window function indicated by
the window function type of the current frame, on a time-
domain three-dimensional audio signal of each ultra-
short frame included in the current frame, and a time-
domain three-dimensional audio signal of each ultra-
short frame obtained through the windowing processing
is converted into a frequency-domain three-dimensional
audio signal.
[0032] In some embodiments, the target encoding pa-
rameter may be further encoded to obtain a target en-
coding parameter encoding result. The target encoding
parameter encoding result is written into the bistream.
[0033] In some embodiments, the performing spatial
encoding on the frequency-domain three-dimensional
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audio signal based on the global transient state detection
result includes: performing spatial encoding on the fre-
quency-domain three-dimensional audio signal based on
the frame type.
[0034] When spatial encoding is performed on the fre-
quency-domain three-dimensional audio signal of the
current frame based on the frame type of the current
frame, if the frame type of the current frame is the first
type, namely if the current frame includes a plurality of
short frames, frequency-domain three-dimensional au-
dio signals of the plurality of short frames included in the
current frame are interleaved to obtain a frequency-do-
main three-dimensional audio signal of a long frame, and
spatial encoding is performed on the frequency-domain
three-dimensional audio signal of the long frame ob-
tained through the interleaving. If the frame type of the
current frame is the second type, namely if the current
frame includes a long frame, spatial encoding is per-
formed on a frequency-domain three-dimensional audio
signal of the long frame. If the frame type of the current
frame is the third type, namely if the current frame in-
cludes a plurality of ultra-short frames, frequency-domain
three-dimensional audio signals of the plurality of ultra-
short frames included in the current frame are interleaved
to obtain a frequency-domain three-dimensional audio
signal of a long frame, and spatial encoding is performed
on the frequency-domain three-dimensional audio signal
of the long frame obtained through the interleaving.
[0035] In some embodiments, the encoding the fre-
quency-domain signals of the N transmission channels
based on the global transient state detection result in-
cludes: encoding the frequency-domain signals of the N
transmission channels based on the frame type of the
current frame.
[0036] In an example, an implementation process of
encoding the frequency-domain signals of the N trans-
mission channels includes: performing noise shaping
processing on the frequency-domain signals of the N
transmission channels based on the frame type of the
current frame; performing transmission channel down-
mixing processing on frequency-domain signals of the N
transmission channels obtained through the noise shap-
ing processing, to obtain a downmixed signal; performing
quantization and encoding processing on a low-frequen-
cy part of the downmixed signal, and writing an encoding
result into the bistream; and performing bandwidth ex-
pansion and encoding processing on a high-frequency
part of the downmixed signal, and writing an encoding
result into the bistream.
[0037] Optionally, the method further includes: encod-
ing the global transient state detection result to obtain a
global transient state detection result encoding result;
and writing the global transient state detection result en-
coding result into the bistream.
[0038] According to a second aspect, a decoding meth-
od is provided, including: parsing a bitstream to obtain a
global transient state detection result and a spatial en-
coding parameter; performing decoding based on the

global transient state detection result and the bistream
to obtain frequency-domain signals of N transmission
channels; performing spatial decoding on the frequency-
domain signals of the N transmission channels based on
the global transient state detection result and the spatial
encoding parameter to obtain a reconstructed frequency-
domain three-dimensional audio signal; and determining
a reconstructed time-domain three-dimensional audio
signal based on the global transient state detection result
and the reconstructed frequency-domain three-dimen-
sional audio signal.
[0039] Optionally, the determining a reconstructed
time-domain three-dimensional audio signal based on
the global transient state detection result and the recon-
structed frequency-domain three-dimensional audio sig-
nal includes: determining a target encoding parameter
based on the global transient state detection result,
where the target encoding parameter includes a window
function type of a current frame and/or a frame type of
the current frame; and converting the reconstructed fre-
quency-domain three-dimensional audio signal into the
reconstructed time-domain three-dimensional audio sig-
nal based on the target encoding parameter.
[0040] Based on the foregoing descriptions, the target
encoding parameter includes the window function type
of the current frame and/or the frame type of the current
frame. To be specific, the target encoding parameter in-
cludes the window function type of the current frame, or
the target encoding parameter includes the frame type
of the current frame, or the target encoding parameter
includes the window function type and the frame type of
the current frame. When parameters included in the tar-
get encoding parameter are different, processes of con-
verting the reconstructed frequency-domain three-di-
mensional audio signal into the reconstructed time-do-
main three-dimensional audio signal based on the target
encoding parameter are different. Therefore, descrip-
tions are separately provided below.
[0041] In a first case, the target encoding parameter
includes the window function type of the current frame.
In this case, windowing removal processing is performed
on the reconstructed frequency-domain three-dimen-
sional audio signal based on a window function indicated
by the window function type of the current frame. Then,
a frequency-domain three-dimensional audio signal ob-
tained through the windowing removal processing is con-
verted into the reconstructed time-domain three-dimen-
sional audio signal.
[0042] The windowing removal processing is also re-
ferred to as windowing and overlap-add processing.
[0043] In a second case, the target encoding parame-
ter includes the frame type of the current frame. In this
case, if the frame type of the current frame is the first
type, it indicates that the current frame includes a plurality
of short frames. In this case, a reconstructed frequency-
domain three-dimensional audio signal of each short
frame is converted into a time-domain three-dimensional
audio signal to obtain a reconstructed time-domain three-
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dimensional audio signal. If the frame type of the current
frame is the second type, it indicates that the current
frame includes a long frame. In this case, a reconstructed
frequency-domain three-dimensional audio signal of the
long frame included in the current frame is directly con-
verted into a time-domain three-dimensional audio signal
to obtain a reconstructed time-domain three-dimensional
audio signal. If the frame type of the current frame is the
third type, it indicates that the current frame includes a
plurality of ultra-short frames. In this case, a reconstruct-
ed frequency-domain three-dimensional audio signal of
each ultra-short frame is converted into a time-domain
three-dimensional audio signal to obtain a reconstructed
time-domain three-dimensional audio signal.
[0044] In a third case, the target encoding parameter
includes the window function type and the frame type of
the current frame. In this case, if the frame type of the
current frame is the first type, it indicates that the current
frame includes a plurality of short frames. In this case,
windowing removal processing is performed, based on
the window function indicated by the window function
type of the current frame, on a frequency-domain three-
dimensional audio signal of each short frame included in
the current frame, and a reconstructed frequency-do-
main three-dimensional audio signal of each short frame
obtained through the windowing removal processing is
converted into a time-domain three-dimensional audio
signal to obtain a reconstructed time-domain three-di-
mensional audio signal. If the frame type of the current
frame is the second type, it indicates that the current
frame includes a long frame. In this case, windowing re-
moval processing is performed, based on the window
function indicated by the window function type of the cur-
rent frame, on a reconstructed frequency-domain three-
dimensional audio signal of the long frame included in
the current frame, and a frequency-domain three-dimen-
sional audio signal of the long frame obtained through
the windowing removal processing is converted into a
time-domain three-dimensional audio signal to obtain a
reconstructed time-domain three-dimensional audio sig-
nal. If the frame type of the current frame is the third type,
it indicates that the current frame includes a plurality of
ultra-short frames. In this case, windowing removal
processing is performed, based on the window function
indicated by the window function type of the current
frame, on a frequency-domain three-dimensional audio
signal of each ultra-short frame included in the current
frame, and a reconstructed frequency-domain three-di-
mensional audio signal of each ultra-short frame ob-
tained through the windowing removal processing is con-
verted into a time-domain three-dimensional audio signal
to obtain a reconstructed time-domain three-dimensional
audio signal.
[0045] Optionally, the global transient state detection
result includes a global transient state flag. The target
encoding parameter includes the window function type
of the current frame. The determining a target encoding
parameter based on the global transient state detection

result includes: if the global transient state flag is the first
value, determining a type of a first preset window function
as the window function type of the current frame; or if the
global transient state flag is the second value, determin-
ing a type of a second preset window function as the
window function type of the current frame. A window
length of the first preset window function is less than a
window length of the second preset window function.
[0046] Optionally, the global transient state detection
result includes a global transient state flag and global
transient state position information. The target encoding
parameter includes the window function type of the cur-
rent frame. The determining a target encoding parameter
based on the global transient state detection result in-
cludes: if the global transient state flag is the first value,
determining the window function type of the current frame
based on the global transient state position information.
[0047] According to a third aspect, an encoding appa-
ratus is provided. The encoding apparatus has a function
of implementing behavior of the encoding method in the
first aspect. The encoding apparatus includes at least
one module. The at least one module is configured to
implement the encoding method provided in the first as-
pect.
[0048] According to a fourth aspect, a decoding appa-
ratus is provided. The decoding apparatus has a function
of implementing behavior of the decoding method in the
second aspect. The decoding apparatus includes at least
one module. The at least one module is configured to
implement the decoding method provided in the second
aspect.
[0049] According to a fifth aspect, an encoder side de-
vice is provided. The encoder side device includes a proc-
essor and a memory. The memory is configured to store
a program for performing the encoding method provided
in the first aspect. The processor is configured to execute
the program stored in the memory, to implement the en-
coding method provided in the first aspect.
[0050] Optionally, the encoder side device may further
include a communication bus. The communication bus
is configured to establish a connection between the proc-
essor and the memory.
[0051] According to a sixth aspect, a decoder side de-
vice is provided. The decoder side device includes a proc-
essor and a memory. The memory is configured to store
a program for performing the decoding method provided
in the second aspect. The processor is configured to ex-
ecute the program stored in the memory, to implement
the decoding method provided in the second aspect.
[0052] Optionally, the decoder side device may further
include a communication bus. The communication bus
is configured to establish a connection between the proc-
essor and the memory.
[0053] According to a seventh aspect, a computer-
readable storage medium is provided. The storage me-
dium stores instructions. When the instructions run on a
computer, the computer is enabled to perform the steps
of the encoding method according to the first aspect or
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the steps of the decoding method according to the second
aspect.
[0054] According to an eighth aspect, a computer pro-
gram product including instructions is provided. When
the instructions run on a computer, the computer is en-
abled to perform the steps of the encoding method ac-
cording to the first aspect or the steps of the decoding
method according to the second aspect. Alternatively, a
computer program is provided. When the computer pro-
gram is executed, the steps of the encoding method ac-
cording to the first aspect or the steps of the decoding
method according to the second aspect are implement-
ed.
[0055] According to a ninth aspect, a computer-read-
able storage medium is provided. The computer-reada-
ble storage medium includes a bistream obtained by us-
ing the encoding method according to the first aspect.
[0056] Technical effects obtained in the third aspect,
the fourth aspect, the fifth aspect, the sixth aspect, the
seventh aspect, the eighth aspect, and the ninth aspect
are similar to technical effects obtained through corre-
sponding technical means in the first aspect or the sec-
ond aspect. Details are not described herein again.
[0057] The technical solutions provided in embodi-
ments of this application can bring at least the following
beneficial effects:
[0058] Transient state detection is performed on the
signals of the M channels included in the time-domain
three-dimensional audio signal of the current frame, to
determine the global transient state detection result.
Then, based on the global transient state detection result,
time-frequency transform and spatial encoding of the au-
dio signal are sequentially performed, and the frequency-
domain signal of each transmission channel is encoded.
Especially, when the frequency-domain signal of each
transmission channel obtained through the spatial en-
coding is encoded, the global transient state detection
result is used for instructing the encoding of the frequen-
cy-domain signal of each transmission channel, and the
frequency-domain signal of each transmission channel
does not need to be converted into a time domain to
determine the transient state detection result corre-
sponding to each transmission channel. Therefore, the
three-dimensional audio signal does not need to be trans-
formed between a time domain and a frequency domain
for a plurality of times. This can reduce encoding com-
plexity and improve encoding efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0059]

FIG. 1 is a schematic diagram of an implementation
environment according to an embodiment of this ap-
plication;
FIG. 2 is a schematic diagram of an implementation
environment of a terminal scenario according to an
embodiment of this application;

FIG. 3 is a schematic diagram of an implementation
environment of a transcoding scenario of a wireless
or core network device according to an embodiment
of this application;
FIG. 4 is a schematic diagram of an implementation
environment of a broadcast television scenario ac-
cording to an embodiment of this application;
FIG. 5 is a schematic diagram of an implementation
environment of a virtual reality flow scenario accord-
ing to an embodiment of this application;
FIG. 6 is a flowchart of a first encoding method ac-
cording to an embodiment of this application;
FIG. 7 is a first example block diagram of the encod-
ing method shown in FIG. 6 according to an embod-
iment of this application;
FIG. 8 is a second example block diagram of the
encoding method shown in FIG. 6 according to an
embodiment of this application;
FIG. 9 is a flowchart of a first decoding method ac-
cording to an embodiment of this application;
FIG. 10 is a first example block diagram of the de-
coding method shown in FIG. 9 according to an em-
bodiment of this application;
FIG. 11 is a flowchart of a second encoding method
according to an embodiment of this application;
FIG. 12 is a first example block diagram of the en-
coding method shown in FIG. 11 according to an
embodiment of this application;
FIG. 13 is a second example block diagram of the
encoding method shown in FIG. 11 according to an
embodiment of this application;
FIG. 14 is a flowchart of a second decoding method
according to an embodiment of this application;
FIG. 15 is an example block diagram of the decoding
method shown in FIG. 14 according to an embodi-
ment of this application;
FIG. 16 is a schematic diagram of a structure of an
encoding apparatus according to an embodiment of
this application;
FIG. 17 is a schematic diagram of a structure of a
decoding apparatus according to an embodiment of
this application; and
FIG. 18 is a schematic block diagram of an encoding
and decoding apparatus according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0060] To make the objectives, technical solutions, and
advantages of this application clearer, the following fur-
ther describes the implementations of embodiments of
this application in detail with reference to the accompa-
nying drawings.
[0061] Before the encoding and decoding methods
provided in embodiments of this application are ex-
plained and described in detail, terms and implementa-
tion environments in embodiments of this application are
first described.
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[0062] For ease of understanding, terms in embodi-
ments of this application are first explained.
[0063] Encoding: a process of compressing a to-be-
encoded audio signal into a bistream. It should be noted
that, after the audio signal is compressed into the bis-
tream, the audio signal may be referred to as an encoded
audio signal or a compressed audio signal.
[0064] Decoding: a process of restoring an encoded
bistream to a reconstructed audio signal by using a spe-
cific syntax rule and processing method.
[0065] Three-dimensional audio signal: includes
signals of a plurality of channels, represents a sound field
in three-dimensional space, and may be a combination
of one or more of an HOA signal, a multi-channel signal,
and an object audio signal. For the HOA signal, a quantity
of channels of the three-dimensional audio signal is re-
lated to an order of the three-dimensional audio signal.
For example, if the three-dimensional audio signal is an
A-order signal, the quantity of the channels of the three-
dimensional audio signal is (A+1)2.
[0066] The three-dimensional audio signal mentioned
below may be any three-dimensional audio signal, for
example, may be a combination of one or more of an
HOA signal, a multi-channel signal, and an object audio
signal.
[0067] Transient state signal: represents a transient
state phenomenon of a signal of a channel corresponding
to a three-dimensional audio signal. If a signal of a chan-
nel is a transient state signal, it indicates that the signal
of the channel is a non-stationary signal, for example, a
signal whose energy greatly changes in a short time, such
as a drum sound or a sound of a percussion instrument.
[0068] The following describes an implementation en-
vironment in embodiments of this application.
[0069] FIG. 1 is a schematic diagram of an implemen-
tation environment according to an embodiment of this
application. The implementation environment includes a
source apparatus 10, a destination apparatus 20, a link
30, and a storage apparatus 40. The source apparatus
10 may generate an encoded three-dimensional audio
signal. Therefore, the source apparatus 10 may also be
referred to as a three-dimensional audio signal encoding
apparatus. The destination apparatus 20 may decode
the encoded three-dimensional audio signal generated
by the source apparatus 10. Therefore, the destination
apparatus 20 may also be referred to as a three-dimen-
sional audio signal decoding apparatus. The link 30 may
receive the encoded three-dimensional audio signal gen-
erated by the source apparatus 10, and may transmit the
encoded three-dimensional audio signal to the destina-
tion apparatus 20. The storage apparatus 40 may receive
the encoded three-dimensional audio signal generated
by the source apparatus 10, and may store the encoded
three-dimensional audio signal. In this case, the destina-
tion apparatus 20 may directly obtain the encoded three-
dimensional audio signal from the storage apparatus 40.
Alternatively, the storage apparatus 40 may correspond
to a file server or another intermediate storage apparatus

that may store the encoded three-dimensional audio sig-
nal generated by the source apparatus 10. In this case,
the destination apparatus 20 may stream or download
the encoded three-dimensional audio signal stored in the
storage apparatus 40.
[0070] Both the source apparatus 10 and the destina-
tion apparatus 20 may include one or more processors
and a memory coupled to the one or more processors.
The memory may include a random access memory (ran-
dom access memory, RAM), a read-only memory (read-
only memory, ROM), an electrically erasable program-
mable read-only memory (electrically erasable program-
mable read-only memory, EEPROM), a flash memory,
any other medium that may be configured to store re-
quired program code in a form of instructions or a data
structure accessible to a computer, or the like. For ex-
ample, both the source apparatus 10 and the destination
apparatus 20 may include a desktop computer, a mobile
computing apparatus, a notebook (for example, a laptop)
computer, a tablet computer, a set-top box, a telephone
handset such as a so-called "smart" phone, a television
set, a camera, a display apparatus, a digital media player,
a video game console, an in-vehicle computer, or the like.
[0071] The link 30 may include one or more media or
apparatuses that can transmit the encoded three-dimen-
sional audio signal from the source apparatus 10 to the
destination apparatus 20. In a possible implementation,
the link 30 may include one or more communication me-
dia that can enable the source apparatus 10 to directly
send the encoded three-dimensional audio signal to the
destination apparatus 20 in real time. In this embodiment
of this application, the source apparatus 10 may modu-
late the encoded three-dimensional audio signal based
on a communication standard. The communication
standard may be a wireless communication protocol or
the like, and modulated three-dimensional audio signal
may be sent to the destination apparatus 20. The one or
more communication media may include wireless and/or
wired communication media. For example, the one or
more communication media may include a radio frequen-
cy (radio frequency, RF) spectrum or one or more phys-
ical transmission lines. The one or more communication
media may form a part of a packet-based network. The
packet-based network may be a local area network, a
wide area network, a global network (for example, Inter-
net), or the like. The one or more communication media
may include a router, a switch, a base station, another
device that facilitates communication from the source ap-
paratus 10 to the destination apparatus 20, or the like.
This is not specifically limited in this embodiment of this
application.
[0072] In a possible implementation, the storage ap-
paratus 40 may store the received encoded three-dimen-
sional audio signal sent by the source apparatus 10. The
destination apparatus 20 may directly obtain the encoded
three-dimensional audio signal from the storage appara-
tus 40. In this case, the storage apparatus 40 may include
any one of a plurality of distributed or locally accessed
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data storage media. For example, any one of the plurality
of distributed or locally accessed data storage media may
be a hard disk drive, a Blu-ray disc, a digital versatile disc
(digital versatile disc, DVD), a compact disc read-only
memory (compact disc read-only memory, CD-ROM), a
flash memory, a volatile or non-volatile memory, or any
other suitable digital storage medium configured to store
the encoded three-dimensional audio signal.
[0073] In a possible implementation, the storage ap-
paratus 40 may correspond to a file server or another
intermediate storage apparatus that may store the en-
coded three-dimensional audio signal generated by the
source apparatus 10. The destination apparatus 20 may
stream or download the three-dimensional audio signal
stored in the storage apparatus 40. The file server may
be any type of server that can store the encoded three-
dimensional audio signal and send the encoded three-
dimensional audio signal to the destination apparatus 20.
In a possible implementation, the file server may include
a network server, a file transfer protocol (file transfer pro-
tocol, FTP) server, a network attached storage (network
attached storage, NAS) apparatus, a local disk drive, or
the like. The destination apparatus 20 may obtain the
encoded three-dimensional audio signal through any
standard data connection (including an Internet connec-
tion). The any standard data connection may include a
wireless channel (for example, a Wi-Fi connection), a
wired connection (for example, a digital subscriber line
(digital subscriber line, DSL) or a cable modem), or a
combination of the wireless channel and the wired con-
nection suitable for obtaining the encoded three-dimen-
sional audio signal stored on the file server. Transmission
of the encoded three-dimensional audio signal from the
storage apparatus 40 may be streaming transmission,
download transmission, or a combination thereof.
[0074] The technology in this embodiment of this ap-
plication may be applicable to the source apparatus 10
that encodes the three-dimensional audio signal and that
is shown in FIG. 1, and may be further applicable to the
destination apparatus 20 that decodes the encoded
three-dimensional audio signal.
[0075] In the implementation environment shown in
FIG. 1, the source apparatus 10 includes a data source
120, an encoder 100, and an output interface 140. In
some embodiments, the output interface 140 may include
a modulator/demodulator (modem) and/or a sender. The
sender may also be referred to as a transmitter. The data
source 120 may include an image capture apparatus (for
example, a camera), an archive containing a previously
captured three-dimensional audio signal, a feed-in inter-
face for receiving the three-dimensional audio signal from
a three-dimensional audio signal content provider, and/or
a computer graphics system for generating the three-
dimensional audio signal, or a combination of these
sources of the three-dimensional audio signal.
[0076] The data source 120 may send a three-dimen-
sional audio signal to the encoder 100. The encoder 100
may encode the received three-dimensional audio signal

sent by the data source 120, to obtain an encoded three-
dimensional audio signal. The encoder may send the en-
coded three-dimensional audio signal to the output inter-
face. In some embodiments, the source apparatus 10
directly sends the encoded three-dimensional audio sig-
nal to the destination apparatus 20 through the output
interface 140. In another embodiment, the encoded
three-dimensional audio signal may be further stored on
the storage apparatus 40 for the destination apparatus
20 to obtain subsequently for decoding and/or displaying.
[0077] In the implementation environment shown in
FIG. 1, the destination apparatus 20 includes an input
interface 240, a decoder 200, and a display apparatus
220. In some embodiments, the input interface 240 in-
cludes a receiver and/or a modem. The input interface
240 may receive an encoded three-dimensional audio
signal through the link 30 and/or from the storage appa-
ratus 40, and then send the encoded three-dimensional
audio signal to the decoder 200. The decoder 200 may
decode the received encoded three-dimensional audio
signal to obtain a decoded three-dimensional audio sig-
nal. The decoder may send the decoded three-dimen-
sional audio signal to the display apparatus 220. The
display apparatus 220 may be integrated with the desti-
nation apparatus 20 or may be external to the destination
apparatus 20. Generally, the display apparatus 220 dis-
plays the decoded three-dimensional audio signal. The
display apparatus 220 may be a display apparatus of any
one of a plurality of types. For example, the display ap-
paratus 220 may be a liquid crystal display (liquid crystal
display, LCD), a plasma display, an organic light-emitting
diode (organic light-emitting diode, OLED) display, or an-
other type of display apparatus.
[0078] Although not shown in FIG. 1, in some aspects,
the encoder 100 and the decoder 200 may be respec-
tively integrated with an encoder and a decoder, and may
include an appropriate multiplexer-demultiplexer (multi-
plexer-demultiplexer, MUX-DEMUX) unit or other hard-
ware and software for encoding both audio and videos
in a shared data stream or separate data streams. In
some embodiments, if applicable, the MUX-DEMUX unit
may comply with the ITU H.223 multiplexer protocol or
another protocol such as a user datagram protocol (user
datagram protocol, UDP).
[0079] The encoder 100 and the decoder 200 may
each be any one of the following circuits: one or more
microprocessors, a digital signal processor (digital signal
processor, DSP), an application specific integrated cir-
cuit (application specific integrated circuit, ASIC), a field-
programmable gate array (field-programmable gate ar-
ray, FPGA), discrete logic, hardware, or any combination
thereof. If the technology in this embodiment of this ap-
plication is implemented partially in software, the appa-
ratus may store, in an appropriate non-volatile computer-
readable storage medium, instructions used for the soft-
ware, and may use one or more processors to execute
the instructions in hardware, to implement the technology
in this embodiment of this application. Any of the forego-
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ing content (including hardware, software, and a combi-
nation of hardware and software) may be considered as
one or more processors. Each of the encoder 100 and
the decoder 200 may be included in one or more encod-
ers or decoders. Any one of the encoders or the decoders
may be integrated as a part of a combined encoder/de-
coder (codec) in a corresponding apparatus.
[0080] In this embodiment of this application, the en-
coder 100 may be generally referred to as "signaling" or
"sending" some information to another apparatus, for ex-
ample, the decoder 200. The term "signaling" or "send-
ing" may generally refer to transmission of a syntax ele-
ment for decoding compressed three-dimensional audio
signal and/or other data. Such transmission may occur
in real time or almost real time. Alternatively, such com-
munication may occur after a period of time, for example,
may occur when a syntax element in an encoded bit-
stream is stored in a computer-readable storage medium
during encoding. The decoding apparatus may then re-
trieve the syntax element at any time after the syntax
element is stored in the medium.
[0081] The encoding and decoding methods provided
in embodiments of this application may be applied to a
plurality of scenarios. The following separately describes
several of the scenarios.
[0082] FIG. 2 is a schematic diagram of an implemen-
tation environment in which an encoding and decoding
method is applied to a terminal scenario according to an
embodiment of this application. The implementation en-
vironment includes a first terminal 101 and a second ter-
minal 201. The first terminal 101 and the second terminal
201 perform a communication connection. The commu-
nication connection may be a wireless connection, or
may be a wired connection. This is not limited in this
embodiment of this application.
[0083] The first terminal 101 may be a transmit end
device, or may be a receive end device. Similarly, the
second terminal 201 may be a receive end device, or
may be a transmit end device. If the first terminal 101 is
a transmit end device, the second terminal 201 is a re-
ceive end device. If the first terminal 101 is a receive end
device, the second terminal 201 is a transmit end device.
[0084] The following describes an example in which
the first terminal 101 is a transmit end device and the
second terminal 201 is a receive end device.
[0085] The first terminal 101 may be the source appa-
ratus 10 in the implementation environment shown in
FIG. 1. The second terminal 201 may be the destination
apparatus 20 in the implementation environment shown
in FIG. 1. Both the first terminal 101 and the second ter-
minal 201 include an audio collection module, an audio
playback module, an encoder, a decoder, a channel en-
coding module, and a channel decoding module.
[0086] An audio collection module in the first terminal
101 collects a three-dimensional audio signal and trans-
mits the three-dimensional audio signal to an encoder.
The encoder encodes the three-dimensional audio signal
by using the encoding method provided in embodiments

of this application. The encoding may be referred to as
source encoding. Then, to transmit the three-dimension-
al audio signal on a channel, the channel encoding mod-
ule further needs to perform channel encoding, and then
transmit a bistream obtained through encoding on a dig-
ital channel through a wireless or wired network commu-
nication device.
[0087] The second terminal 201 receives, through the
wireless or wired network communication device, the bis-
tream transmitted on the digital channel. The channel
decoding module performs channel decoding on the bis-
tream. Then, the decoder performs decoding by using
the decoding method provided in embodiments of this
application to obtain a three-dimensional audio signal,
and then plays the three-dimensional audio signal
through the audio playback module.
[0088] The first terminal 101 and the second terminal
201 may be any electronic product that can perform hu-
man-computer interaction with a user in one or more
manners such as a keyboard, a touchpad, a touchscreen,
a remote controller, a voice interaction device, or a hand-
writing device, for example, a personal computer (per-
sonal computer, PC), a mobile phone, a smartphone, a
personal digital assistant (Personal Digital Assistant,
PDA), a wearable device, a pocket personal computer
(pocket PC, PPC), a tablet computer, a smart head unit,
a smart television, or a smart speaker.
[0089] A person skilled in the art should understand
that the foregoing terminal is merely an example. Another
existing or future terminal that may be applicable to em-
bodiments of this application should also fall within the
protection scope of embodiments of this application, and
is included herein by reference.
[0090] FIG. 3 is a schematic diagram of an implemen-
tation environment in which an encoding and decoding
method is applied to a transcoding scenario of a wireless
or core network device according to an embodiment of
this application. The implementation environment in-
cludes a channel decoding module, an audio decoder,
an audio encoder, and a channel encoding module.
[0091] The audio decoder may be a decoder that uses
the decoding method provided in embodiments of this
application, or may be a decoder that uses another de-
coding method. The audio encoder may be an encoder
that uses the encoding method provided in embodiments
of this application, or may be an encoder that uses an-
other encoding method. If the audio decoder is a decoder
that uses the decoding method provided in embodiments
of this application, the audio encoder is an encoder that
uses another encoding method. If the audio decoder is
a decoder that uses another decoding method, the audio
encoder is an encoder that uses the encoding method
provided in embodiments of this application.
[0092] In a first case, the audio decoder is a decoder
that uses the decoding method provided in embodiments
of this application. The audio encoder is an encoder that
uses another encoding method.
[0093] In this case, the channel decoding module is
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configured to perform channel decoding on a received
bistream. The audio decoder is configured to perform
source decoding by using the decoding method provided
in embodiments of this application. Then, the audio en-
coder performs encoding by using the another encoding
method. Conversion from one format to another format,
namely, transcoding, is implemented. Then, transmis-
sion is performed after channel encoding.
[0094] In a second case, the audio decoder is a de-
coder that uses another decoding method. The audio en-
coder is an encoder that uses the encoding method pro-
vided in embodiments of this application.
[0095] In this case, the channel decoding module is
configured to perform channel decoding on a received
bistream. The audio decoder is configured to perform
source decoding by using the another decoding method.
Then, the audio encoder performs encoding by using the
encoding method provided in embodiments of this appli-
cation. Conversion from one format to another format,
namely, transcoding, is implemented. Then, transmis-
sion is performed after channel encoding.
[0096] The wireless device may be a wireless access
point, a wireless router, a wireless connector, or the like.
The core network device may be a mobility management
entity, a gateway, or the like.
[0097] A person skilled in the art should understand
that the foregoing wireless device or core network device
is merely an example. Another existing or future wireless
or core network device that may be applicable to embod-
iments of this application should also fall within the pro-
tection scope of embodiments of this application, and is
included herein by reference.
[0098] FIG. 4 is a schematic diagram of an implemen-
tation environment in which an encoding and decoding
method is applied to a broadcast television scenario ac-
cording to an embodiment of this application. The broad-
cast television scenario includes a live broadcast sce-
nario and a post-production scenario. For the live broad-
cast scenario, the implementation environment includes
a live program three-dimensional sound production mod-
ule, a three-dimensional sound encoding module, a set-
top box, and a speaker group. The set-top box includes
a three-dimensional sound decoding module. For the
post-production scenario, the implementation environ-
ment includes a post-program three-dimensional sound
production module, a three-dimensional sound encoding
module, a network receiver, a mobile terminal, a head-
phone, and the like.
[0099] In the live broadcast scenario, the live program
three-dimensional sound production module produces a
three-dimensional sound signal. The three-dimensional
sound signal includes a three-dimensional audio signal.
The three-dimensional sound signal is encoded by using
the encoding method in embodiments of this application
to obtain a bistream. The bistream is transmitted to a
user side through a broadcast network. The three-dimen-
sional sound decoder in the set-top box decodes the bis-
tream by using the decoding method provided in embod-

iments of this application, to reconstruct a three-dimen-
sional sound signal. The speaker group plays back the
reconstructed three-dimensional sound signal. Alterna-
tively, the bistream is transmitted to the user side through
the Internet. A three-dimensional sound decoder in a net-
work receiver decodes the bistream by using the decod-
ing method provided in embodiments of this application,
to reconstruct a three-dimensional sound signal. The
speaker group plays back the reconstructed three-di-
mensional sound signal. Alternatively, the bistream is
transmitted to the user side through the Internet. A three-
dimensional sound decoder in a mobile terminal decodes
the bistream by using the decoding method provided in
embodiments of this application, to reconstruct a three-
dimensional sound signal. The headphone plays back
the reconstructed three-dimensional sound signal.
[0100] In the post-production scenario, the post-pro-
gram three-dimensional sound production module pro-
duces a three-dimensional sound signal. The three-di-
mensional sound signal is encoded by using the encod-
ing method in embodiments of this application to obtain
a bistream. The bistream is transmitted to a user side
through a broadcast network. The three-dimensional
sound decoder in the set-top box decodes the bistream
by using the decoding method provided in embodiments
of this application, to reconstruct a three-dimensional
sound signal. The speaker group plays back the recon-
structed three-dimensional sound signal. Alternatively,
the bistream is transmitted to the user side through the
Internet. A three-dimensional sound decoder in a network
receiver decodes the bistream by using the decoding
method provided in embodiments of this application, to
reconstruct a three-dimensional sound signal. The
speaker group plays back the reconstructed three-di-
mensional sound signal. Alternatively, the bistream is
transmitted to the user side through the Internet. A three-
dimensional sound decoder in a mobile terminal decodes
the bistream by using the decoding method provided in
embodiments of this application, to reconstruct a three-
dimensional sound signal. The headphone plays back
the reconstructed three-dimensional sound signal.
[0101] FIG. 5 is a schematic diagram of an implemen-
tation environment in which an encoding and decoding
method is applied to a virtual reality flow scenario accord-
ing to an embodiment of this application. The implemen-
tation environment includes an encoder side and a de-
coder side. The encoder side includes a collection mod-
ule, a preprocessing module, an encoding module, an
encapsulation module, and a delivery module. The de-
coder side includes a decapsulation module, a decoding
module, a rendering module, and a headphone.
[0102] The collection module collects a three-dimen-
sional audio signal. Then, the preprocessing module per-
forms a preprocessing operation. The preprocessing op-
eration includes filtering out a low-frequency part in the
signal usually with 20 Hz or 50 Hz being a boundary point,
and extracting orientation information and the like in the
signal. Then, the encoding module performs encoding
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processing by using the encoding method provided in
embodiments of this application. After the encoding, the
encapsulation module performs encapsulation. Then,
the delivery module delivers an encapsulated signal to
the decoder side.
[0103] The decapsulation module at the decoder side
first performs decapsulation. The decoding module per-
forms decoding by using the decoding method provided
in embodiments of this application. Then, the rendering
module performs binaural rendering processing on the
decoded signal. A signal obtained through the rendering
processing is mapped to the headphone of a listener.
The headphone may be an independent headphone, or
may be a headphone on a glasses device based on virtual
reality.
[0104] It should be noted that the system architecture
and the service scenario described in embodiments of
this application are intended to describe the technical
solutions in embodiments of this application more clearly,
and do not constitute a limitation on the technical solu-
tions provided in embodiments of this application. A per-
son of ordinary skill in the art may know that: With the
evolution of the system architecture and the emergence
of new service scenarios, the technical solutions provid-
ed in embodiments of this application are also applicable
to similar technical problems.
[0105] The following describes in detail the encoding
and decoding methods provided in embodiments of this
application. It should be noted that, with reference to the
implementation environment shown in FIG. 1, any one
of the following encoding methods may be performed by
the encoder 100 in the source apparatus 10. Any one of
the following decoding methods may be performed by
the decoder 200 in the destination apparatus 20.
[0106] FIG. 6 is a flowchart of a first encoding method
according to an embodiment of this application. The en-
coding method is applied to an encoder side device, and
includes the following steps.
[0107] Step 601: Separately perform transient state
detection on signals of M channels included in a time-
domain three-dimensional audio signal of a current
frame, to obtain M transient state detection results cor-
responding to the M channels, where M is an integer
greater than 1.
[0108] The M transient state detection results one-to-
one correspond to the M channels included in the time-
domain three-dimensional audio signal of the current
frame. The transient state detection result includes a
transient state flag, or the transient state detection result
includes a transient state flag and transient state position
information. The transient state flag indicates whether a
signal of a corresponding channel is a transient state
signal. The transient state position information indicates
a position in which a transient state occurs in the signal
of the corresponding channel.
[0109] The M transient state detection results corre-
sponding to the M channels may be determined in a plu-
rality of manners. The following describes one of the man-

ners. Because the transient state detection result corre-
sponding to each of the M channels is determined in a
same manner, the following uses one of the channels as
an example to describe a manner of determining the tran-
sient state detection result corresponding to the channel.
For ease of description, the channel is referred to as a
target channel, and the following separately describes a
transient state flag and transient state position informa-
tion of the target channel.

Transient state flag of the target channel

[0110] The transient state detection parameter corre-
sponding to the target channel is determined based on
the signal of the target channel. The transient state flag
corresponding to the target channel is determined based
on the transient state detection parameter corresponding
to the target channel.
[0111] In an example, the transient state detection pa-
rameter corresponding to the target channel is an abso-
lute value of an inter-frame energy difference. To be spe-
cific, energy of the signal of the target channel in the
current frame and energy of a signal of a target channel
in a previous frame relative to the current frame are de-
termined, and an absolute value of a difference between
the energy of the signal of the target channel in the current
frame and the energy of the signal of the target channel
in the previous frame is determined to obtain the absolute
value of the inter-frame energy difference. If the absolute
value of the inter-frame energy difference exceeds a first
energy difference threshold, it is determined that the tran-
sient state flag corresponding to the target channel in the
current frame is a first value. Otherwise, it is determined
that the transient state flag corresponding to the target
channel in the current frame is a second value.
[0112] Based on the foregoing descriptions, the tran-
sient state flag indicates whether the signal of the corre-
sponding channel is a transient state signal. Therefore,
if the absolute value of the inter-frame energy difference
exceeds the first energy difference threshold, it indicates
that the signal of the target channel in the current frame
is a transient state signal. In this case, it is determined
that the transient state flag corresponding to the target
channel in the current frame is the first value. If the ab-
solute value of the inter-frame energy difference does
not exceed the first energy difference threshold, it indi-
cates that the signal of the target channel in the current
frame is not a transient state signal. In this case, it is
determined that the transient state flag corresponding to
the target channel in the current frame is the second val-
ue.
[0113] It should be noted that the first value and the
second value can be represented in a plurality of man-
ners. For example, the first value is true, and the second
value is false. Alternatively, the first value is 1, and the
second value is 0. Certainly, the first value and the sec-
ond value can alternatively be represented in another
manner. The first energy difference threshold is preset.
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The first energy difference threshold can be adjusted
based on different requirements.
[0114] In another example, the transient state detec-
tion parameter corresponding to the target channel is an
absolute value of a subframe energy difference. To be
specific, the signal of the target channel in the current
frame includes signals of a plurality of subframes, and
the absolute value of the subframe energy difference cor-
responding to each of the plurality of subframes is deter-
mined to determine a transient state flag corresponding
to each subframe. If a subframe whose transient state
flag is the first value exists in the plurality of subframes,
it is determined that the transient state flag corresponding
to the target channel in the current frame is the first value.
If no subframe whose transient state flag is the first value
exists in the plurality of subframes, it is determined that
the transient state flag corresponding to the target chan-
nel in the current frame is the second value.
[0115] Because the transient state flag of each of the
plurality of subframes is determined in a same manner,
the following describes an example of an ith subframe in
the plurality of subframes, where i is a positive integer.
To be specific, energy of a signal in the ith subframe and
energy of a signal in the (i-1)th subframe in the plurality
of subframes are determined, and an absolute value of
a difference between the energy of the signal of the ith
subframe and the energy of the signal of the (i-1)th sub-
frame is determined to obtain an absolute value of a sub-
frame energy difference corresponding to the ith sub-
frame. If the absolute value of the subframe energy dif-
ference corresponding to the ith subframe exceeds a sec-
ond energy difference threshold, it is determined that a
transient state flag of the ith subframe is the first value.
Otherwise, it is determined that the transient state flag
of the ith subframe is the second value.
[0116] Based on the foregoing descriptions, the tran-
sient state flag indicates whether the signal of the corre-
sponding channel is a transient state signal. Therefore,
if the absolute value of the subframe energy difference
corresponding to the ith subframe exceeds the second
energy difference threshold, it indicates that the signal
of the ith subframe is a transient state signal. In this case,
it is determined that the transient state flag of the ith sub-
frame is the first value. If the absolute value of the sub-
frame energy difference corresponding to the ith sub-
frame does not exceed the second energy difference
threshold, it indicates that the signal of the ith subframe
is not a transient state signal. In this case, it is determined
that the transient state flag of the ith subframe is the sec-
ond value.
[0117] It should be noted that, when i = 0, the energy
of the signal of the (i-1)th subframe is energy of a signal
of a last subframe of the target channel in the previous
frame relative to the current frame. The second energy
difference threshold is preset. The second energy differ-
ence threshold can be adjusted based on different re-
quirements. In addition, the second energy difference
threshold may be the same as or different from the first

energy difference threshold.

Transient state position information of the target channel

[0118] The transient state position information corre-
sponding to the target channel is determined based on
the transient state flag corresponding to the target chan-
nel.
[0119] In an example, if the transient state flag corre-
sponding to the target channel is the first value, the tran-
sient state position information corresponding to the tar-
get channel is determined. If the transient state flag cor-
responding to the target channel is the second value, it
is determined that the target channel does not have cor-
responding transient state position information, or the
transient state position information corresponding to the
target channel is set to a preset value, for example, set
to -1.
[0120] In other words, if the transient state flag corre-
sponding to the target channel is the second value, it
indicates that the signal of the target channel is not a
transient state signal. In this case, the transient state de-
tection result of the target channel does not include the
transient state position information, or the transient state
position information corresponding to the target channel
is directly set to a preset value, where the preset value
indicates that the signal of the target channel is not a
transient state signal. In other words, the transient state
detection result of the transient state signal includes the
transient state flag and the transient state position infor-
mation. A transient state detection result of a non-tran-
sient state signal may include a transient state flag, or
may include a transient state flag and transient state po-
sition information.
[0121] It should be noted that if the transient state flag
corresponding to the target channel is the first value, the
transient state position information corresponding to the
target channel is determined in a plurality of manners. In
an example, the signal of the target channel in the current
frame includes signals of a plurality of subframes. A sub-
frame whose transient state flag is the first value and
whose absolute value of the subframe energy difference
is the largest is selected from the plurality of subframes.
A sequence number of the selected subframe is deter-
mined as the transient state position information corre-
sponding to the target channel in the current frame.
[0122] For example, the transient state flag corre-
sponding to the target channel in the current frame is the
first value, and the signals of the target channel in the
current frame include signals of four subframes, where i
= 0, 1, 2, and 3. An absolute value of a subframe energy
difference of a 0th subframe is 18. An absolute value of
a subframe energy difference of a 1st subframe is 21. An
absolute value of a subframe energy difference of a 2nd

subframe is 24. An absolute value of a subframe energy
difference of a 3rd subframe is 35. Assuming that the
preset second energy difference threshold is 20, the sig-
nal of the 1st subframe is a transient state signal, the
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signal of the 2nd subframe is a transient state signal, and
the signal of the 3rd subframe is a transient state signal.
In this case, it is determined that transient state flags of
the 1st subframe, the 2nd subframe, and the 3rd subframe
are all the first value, and a subframe whose absolute
value of the subframe energy difference is the largest in
the three subframes is the 3rd subframe. In this case, a
sequence number 3 of the 3rd subframe is determined
as the transient state position information corresponding
to the target channel in the current frame.
[0123] Step 602: Determine a global transient state
detection result based on the M transient state detection
results.
[0124] In some embodiments, the global transient
state detection result includes a global transient state
flag. If a quantity of transient state flags that are the first
value in the M transient state flags is greater than or equal
to m, it is determined that the global transient state flag
is the first value, where m is a positive integer greater
than 0 and less than M; or if a quantity of channels that
meet a first preset condition and whose corresponding
transient state flags are the first value in the M channels
is greater than or equal to n, it is determined that the
global transient state flag is the first value, where n is a
positive integer greater than 0 and less than M.
[0125] For example, the three-dimensional audio sig-
nal of the current frame is a third-order HOA signal. A
quantity of channels of the HOA signal is (3+1)2, namely,
16. Assuming that m is 1, if a quantity of transient state
flags that are the first value in the 16 transient state flags
is greater than or equal to 1, it is determined that the
global transient state flag is the first value. Alternatively,
the first preset condition includes belonging to channels
of an FOA signal. For example, the channels of the FOA
signal may include first four channels of the HOA signal.
Assuming that a channel that meets the first preset con-
dition in the M channels is a channel in which the FOA
signal in the current frame is located, n is 1. If a quantity
of channels that belong to the channels of the FOA signal
and whose corresponding transient state flags are the
first value in the 16 channels is greater than or equal to
1, it is determined that the global transient state flag is
the first value.
[0126] Herein, m and n are preset values, and m and
n can also be adjusted based on different requirements.
If the three-dimensional audio signal is an HOA signal,
the first preset condition includes belonging to channels
of an FOA signal. A channel that meets the first preset
condition in the M channels is a channel in which the
FOA signal in the three-dimensional audio signal of the
current frame is located. The FOA signal is signals of the
first four channels of the HOA signal. Certainly, the first
preset condition may alternatively be another condition.
[0127] In some other embodiments, the global tran-
sient state detection result further includes the global
transient state position information. If only one transient
state flag in the M transient state flags is the first value,
transient state position information corresponding to a

channel whose transient state flag is the first value is
determined as the global transient state position infor-
mation; or if at least two transient state flags in the M
transient state flags are the first value, transient state
position information corresponding to a channel with a
largest transient state detection parameter in at least two
channels corresponding to the at least two transient state
flags is determined as the global transient state position
information. Alternatively, if at least two transient state
flags in the M transient state flags are the first value, and
a difference between transient state position information
corresponding to two channels is less than a position
difference threshold, an average value of the transient
state position information corresponding to the two chan-
nels is determined as the global transient state position
information. The position difference threshold is preset
and can be adjusted based on different requirements.
[0128] Based on the foregoing descriptions, a transient
state detection parameter corresponding to a channel is
an absolute value of an inter-frame energy difference or
an absolute value of a subframe energy difference. If the
transient state detection parameter corresponding to the
channel is the absolute value of the inter-frame energy
difference, one channel corresponds to one absolute val-
ue of the inter-frame energy difference. In this case, a
channel corresponding to a largest absolute value of the
inter-frame energy difference may be selected from the
at least two channels, and then transient state position
information corresponding to the selected channel is de-
termined as the global transient state position informa-
tion. If the transient state detection parameter corre-
sponding to the channel is the absolute value of the sub-
frame energy difference, one channel corresponds to a
plurality of absolute values of the subframe energy dif-
ference. In this case, a channel corresponding to a largest
absolute value of the subframe energy difference may
be selected from the at least two channels, and then tran-
sient state position information corresponding to the se-
lected channel is determined as the global transient state
position information.
[0129] For example, for the third-order HOA signal, if
only a transient state flag corresponding to a third channel
in the 16 transient state flags of the HOA signal is the
first value, the transient state position information corre-
sponding to the third channel may be directly determined
as the global transient state position information.
[0130] If three transient state flags in the 16 transient
state flags of the HOA signal are the first value and cor-
respond to a channel 1, a channel 2, and a channel 3,
the channel 1 corresponds to transient state position in-
formation 1, an absolute value of an inter-frame energy
difference corresponding to the channel 1 is 22, the chan-
nel 2 corresponds to transient state position information
2, an absolute value of an inter-frame energy difference
corresponding to the channel 2 is 23, the channel 3 cor-
responds to transient state position information 3, and
an absolute value of an inter-frame energy difference cor-
responding to the channel 3 is 28. If a channel with a
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largest absolute value of an inter-frame energy difference
in the three channels is the channel 3, the transient state
position information 3 corresponding to the channel 3 is
determined as the global transient state position infor-
mation.
[0131] For another example, if three transient state
flags in the 16 transient state flags of the HOA signal are
the first value and correspond to a channel 1, a channel
2, and a channel 3, the channel 1 corresponds to transient
state position information 1, a signal of the channel 1
includes three subframes, absolute values of subframe
energy differences corresponding to the three subframes
are 20, 18, and 22 respectively, the channel 2 corre-
sponds to transient state position information 2, a signal
of the channel 2 includes three subframes, absolute val-
ues of subframe energy differences corresponding to the
three subframes are 20, 23, and 25 respectively, the
channel 3 corresponds to transient state position infor-
mation 3, a signal of the channel 3 includes three sub-
frames, and absolute values of subframe energy differ-
ences corresponding to the three subframes are 25, 28,
and 30. If a channel with a largest absolute value of a
subframe energy difference in the three channels is the
channel 3, the transient state position information 3 cor-
responding to the channel 3 is determined as the global
transient state position information.
[0132] If three transient state flags in the 16 transient
state flags of the HOA signal are the first value and cor-
respond to a channel 1, a channel 2, and a channel 3,
the channel 1 corresponds to transient state position in-
formation 1, the channel 2 corresponds to transient state
position information 3, and the channel 3 corresponds to
transient state position information 6. If a difference 2
between the transient state position information corre-
sponding to the channel 1 and the transient state position
information corresponding to the channel 2 in the three
channels is less than a preset position difference thresh-
old 3, an average value 2 of the transient state position
information corresponding to the channel 1 and the tran-
sient state position information corresponding to the
channel 2 is determined as the global transient state po-
sition information.
[0133] Step 603: Convert the time-domain three-di-
mensional audio signal of the current frame into a fre-
quency-domain three-dimensional audio signal based on
the global transient state detection result.
[0134] In some embodiments, a target encoding pa-
rameter is determined based on the global transient state
detection result. The target encoding parameter includes
a window function type of the current frame and/or a
frame type of the current frame. The time-domain three-
dimensional audio signal of the current frame is convert-
ed into the frequency-domain three-dimensional audio
signal based on the target encoding parameter.
[0135] In an example, the global transient state detec-
tion result includes the global transient state flag. An im-
plementation process of determining the window function
type of the current frame based on the global transient

state detection result includes: if the global transient state
flag is the first value, determining a type of a first preset
window function as the window function type of the cur-
rent frame; or if the global transient state flag is the sec-
ond value, determining a type of a second preset window
function as the window function type of the current frame.
A window length of the first preset window function is less
than a window length of the second preset window func-
tion.
[0136] In another example, the global transient state
detection result includes the global transient state flag
and the global transient state position information. An
implementation process of determining the window func-
tion type of the current frame based on the global tran-
sient state detection result includes: if the global transient
state flag is the first value, determining the window func-
tion type of the current frame based on the global tran-
sient state position information; or if the global transient
state flag is the second value, determining a type of a
third preset window function as the window function type
of the current frame, or determining the window function
type of the current frame based on a window function
type of a previous frame relative to the current frame.
[0137] If the global transient state flag is the first value,
the window function type of the current frame is deter-
mined based on the global transient state position infor-
mation in a plurality of manners. For example, a type of
a fourth preset window function is adjusted based on the
global transient state position information, so that a cen-
tral position of the fourth preset window function corre-
sponds to a global transient state occurrence position,
and then a value of a window function corresponding to
the global transient state occurrence position is the larg-
est. Alternatively, a window function corresponding to the
global transient state occurrence position is selected
from a window function set, and then a type of the se-
lected window function is determined as the window func-
tion type of the current frame. In other words, the window
function set stores a window function corresponding to
each transient state occurrence position. In this way, the
window function corresponding to the global transient
state occurrence position may be selected.
[0138] In addition, the window function type of the cur-
rent frame is determined based on the window function
type of the previous frame relative to the current frame
by using a plurality of methods. For details, refer to a
related technology. Details are not described in this em-
bodiment of this application.
[0139] The global transient state detection result may
include only the global transient state flag, or may include
the global transient state flag and the global transient
state position information. In addition, the global transient
state position information may be transient state position
information corresponding to a channel whose transient
state flag is the first value, or may be a preset value. If
global transient state detection results are different, the
frame type of the current frame is determined in different
manners. Therefore, the following separately describes
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the following three cases.
[0140] In a first case, the global transient state detec-
tion result includes the global transient state flag. An im-
plementation process of determining the frame type of
the current frame based on the global transient state de-
tection result includes: if the global transient state flag is
the first value, determining that the frame type of the cur-
rent frame is a first type, where the first type indicates
that the current frame includes a plurality of short frames;
or if the global transient state flag is the second value,
determining that the frame type of the current frame is a
second type, where the second type indicates that the
current frame includes a long frame.
[0141] In a second case, the global transient state de-
tection result includes the global transient state flag and
the global transient state position information. An imple-
mentation process of determining the frame type of the
current frame based on the global transient state detec-
tion result includes: if the global transient state flag is the
first value and the global transient state position informa-
tion meets a second preset condition, determining that
the frame type of the current frame is a third type, where
the third type indicates that the current frame includes a
plurality of ultra-short frames; if the global transient state
flag is the first value and the global transient state position
information does not meet the second preset condition,
determining that the frame type of the current frame is a
first type, where the first type indicates that the current
frame includes a plurality of short frames; or if the global
transient state flag is the second value, determining that
the frame type of the current frame is a second type,
where the second type indicates that the current frame
includes a long frame. A frame length of an ultra-short
frame is less than a frame length of a short frame. A frame
length of a short frame is less than a frame length of a
long frame. The second preset condition may be that a
distance between a transient state occurrence position
indicated by the global transient state position informa-
tion and a start position of the current frame is less than
the frame length of the ultra-short frame, or a distance
between the transient state occurrence position indicated
by the global transient state position information and an
end position of the current frame is less than the frame
length of the ultra-short frame.
[0142] In a third case, the global transient state detec-
tion result includes the global transient state position in-
formation. An implementation process of determining the
frame type of the current frame based on the global tran-
sient state detection result includes: if the global transient
state position information is a preset value, for example,
-1, determining that the frame type of the current frame
is a second type, where the second type indicates that
the current frame includes a long frame; if the global tran-
sient state position information is not the preset value
and meets a second preset condition, determining that
the frame type of the current frame is a third type, where
the third type indicates that the current frame includes a
plurality of ultra-short frames; or if the global transient

state position information is not the preset value and does
not meet the second preset condition, determining that
the frame type of the current frame is a first type, where
the first type indicates that the current frame includes a
plurality of short frames. A frame length of an ultra-short
frame is less than a frame length of a short frame. A frame
length of a short frame is less than a frame length of a
long frame. The second preset condition may be that a
distance between a transient state occurrence position
indicated by the global transient state position informa-
tion and a start position of the current frame is less than
the frame length of the ultra-short frame, or a distance
between the transient state occurrence position indicated
by the global transient state position information and an
end position of the current frame is less than the frame
length of the ultra-short frame.
[0143] It should be noted that the window function type
of the current frame indicates a shape and a length of a
window function corresponding to the current frame. The
window function of the current frame is used for perform-
ing windowing processing on the time-domain three-di-
mensional audio signal of the current frame. The frame
type of the current frame indicates whether the current
frame is an ultra-short frame, a short frame, or a long
frame. The ultra-short frame, the short frame, and the
long frame may be distinguished based on duration of
the frames. The specific duration may be set based on
different requirements. This is not limited in this embod-
iment of this application.
[0144] A manner of converting the time-domain three-
dimensional audio signal of the current frame into the
frequency-domain three-dimensional audio signal may
be modified discrete cosine transform (modified discrete
cosine transform, MDCT), modified discrete sine trans-
form (modified discrete sine transform, MDST), or fast
Fourier transform (fast Fourier transform, FFT).
[0145] Based on the foregoing descriptions, the target
encoding parameter includes the window function type
of the current frame and/or the frame type of the current
frame. To be specific, the target encoding parameter in-
cludes the window function type of the current frame, or
the target encoding parameter includes the frame type
of the current frame, or the target encoding parameter
includes the window function type and the frame type of
the current frame. When parameters included in the tar-
get encoding parameter are different, processes of con-
verting the time-domain three-dimensional audio signal
of the current frame into the frequency-domain three-di-
mensional audio signal based on the target encoding pa-
rameter are different. Therefore, descriptions are sepa-
rately provided below.
[0146] In a first case, the target encoding parameter
includes the window function type of the current frame.
In this case, windowing processing is performed on the
time-domain three-dimensional audio signal of the cur-
rent frame based on the window function indicated by
the window function type of the current frame. Then, a
three-dimensional audio signal obtained through the win-
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dowing processing is converted into the frequency-do-
main three-dimensional audio signal.
[0147] In a second case, the target encoding parame-
ter includes the frame type of the current frame. In this
case, if the frame type of the current frame is the first
type, it indicates that the current frame includes a plurality
of short frames. In this case, a time-domain three-dimen-
sional audio signal of each short frame included in the
current frame is converted into a frequency-domain
three-dimensional audio signal. If the frame type of the
current frame is the second type, it indicates that the cur-
rent frame includes a long frame. In this case, a time-
domain three-dimensional audio signal of the long frame
included in the current frame is directly converted into a
frequency-domain three-dimensional audio signal. If the
frame type of the current frame is the third type, it indi-
cates that the current frame includes a plurality of ultra-
short frames. In this case, a time-domain three-dimen-
sional audio signal of each ultra-short frame included in
the current frame is converted into a frequency-domain
three-dimensional audio signal.
[0148] In a third case, the target encoding parameter
includes the window function type and the frame type of
the current frame. In this case, if the frame type of the
current frame is the first type, it indicates that the current
frame includes a plurality of short frames. In this case,
windowing processing is performed, based on the win-
dow function indicated by the window function type of the
current frame, on a time-domain three-dimensional audio
signal of each short frame included in the current frame,
and a time-domain three-dimensional audio signal of
each short frame obtained through the windowing
processing is converted into a frequency-domain three-
dimensional audio signal. If the frame type of the current
frame is the second type, it indicates that the current
frame includes a long frame. In this case, windowing
processing is performed, based on the window function
indicated by the window function type of the current
frame, on a time-domain three-dimensional audio signal
of the long frame included in the current frame, and a
time-domain three-dimensional audio signal of the long
frame obtained through the windowing processing is con-
verted into a frequency-domain three-dimensional audio
signal. If the frame type of the current frame is the third
type, it indicates that the current frame includes a plurality
of ultra-short frames. In this case, windowing processing
is performed, based on the window function indicated by
the window function type of the current frame, on a time-
domain three-dimensional audio signal of each ultra-
short frame included in the current frame, and a time-
domain three-dimensional audio signal of each ultra-
short frame obtained through the windowing processing
is converted into a frequency-domain three-dimensional
audio signal.
[0149] In other words, if the current frame includes a
plurality of ultra-short frames and short frames, after the
time-domain three-dimensional audio signal of the cur-
rent frame is converted into the frequency-domain three-

dimensional audio signal, the frequency-domain three-
dimensional audio signal of each ultra-short frame and
short frame included in the current frame is obtained. If
the current frame includes a long frame, after the time-
domain three-dimensional audio signal of the current
frame is converted into the frequency-domain three-di-
mensional audio signal, the frequency-domain three-di-
mensional audio signal of the long frame included in the
current frame is obtained.
[0150] Step 604: Perform spatial encoding on the fre-
quency-domain three-dimensional audio signal of the
current frame based on the global transient state detec-
tion result to obtain a spatial encoding parameter and
frequency-domain signals of N transmission channels,
where N is an integer greater than or equal to 1 and less
than or equal to M.
[0151] In some embodiments, spatial encoding is per-
formed on the frequency-domain three-dimensional au-
dio signal of the current frame based on the frame type
of the current frame to obtain the spatial encoding pa-
rameter and the frequency-domain signals of the N trans-
mission channels.
[0152] When spatial encoding is performed on the fre-
quency-domain three-dimensional audio signal of the
current frame based on the frame type of the current
frame, if the frame type of the current frame is the first
type, namely if the current frame includes a plurality of
short frames, frequency-domain three-dimensional au-
dio signals of the plurality of short frames included in the
current frame are interleaved to obtain a frequency-do-
main three-dimensional audio signal of a long frame, and
spatial encoding is performed on the frequency-domain
three-dimensional audio signal of the long frame ob-
tained through the interleaving. If the frame type of the
current frame is the second type, namely if the current
frame includes a long frame, spatial encoding is per-
formed on a frequency-domain three-dimensional audio
signal of the long frame. If the frame type of the current
frame is the third type, namely if the current frame in-
cludes a plurality of ultra-short frames, frequency-domain
three-dimensional audio signals of the plurality of ultra-
short frames included in the current frame are interleaved
to obtain a frequency-domain three-dimensional audio
signal of a long frame, and spatial encoding is performed
on the frequency-domain three-dimensional audio signal
of the long frame obtained through the interleaving.
[0153] A spatial encoding method may be any method
that can obtain the spatial encoding parameter and the
frequency-domain signals of the N transmission chan-
nels based on the frequency-domain three-dimensional
audio signal of the current frame. For example, a spatial
encoding method of matched projection may be used.
The spatial encoding method is not limited in this embod-
iment of this application.
[0154] The spatial encoding parameter is a parameter
determined in a process of performing spatial encoding
on the frequency-domain three-dimensional audio signal
of the current frame, and includes side information, bit
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pre-allocation side information, and the like. The frequen-
cy-domain signals of the N transmission channels may
include virtual speaker signals of one or more channels,
and residual signals of one or more channels. In addition,
when a quantity of bits for encoding is insufficient, the
frequency-domain signals of the N transmission chan-
nels may alternatively include only virtual speaker signals
of one or more channels.
[0155] Step 605: Encode the frequency-domain sig-
nals of the N transmission channels based on the global
transient state detection result to obtain a frequency-do-
main signal encoding result.
[0156] In some embodiments, the frequency-domain
signals of the N transmission channels are encoded
based on the frame type of the current frame.
[0157] In an example, an implementation process of
encoding the frequency-domain signals of the N trans-
mission channels includes: performing noise shaping
processing on the frequency-domain signals of the N
transmission channels based on the frame type of the
current frame; performing transmission channel down-
mixing processing on frequency-domain signals of the N
transmission channels obtained through the noise shap-
ing processing, to obtain a downmixed signal; performing
quantization and encoding processing on a low-frequen-
cy part of the downmixed signal, and writing an encoding
result into the bistream; and performing bandwidth ex-
pansion and encoding processing on a high-frequency
part of the downmixed signal, and writing an encoding
result into the bistream.
[0158] It should be noted that for a manner of perform-
ing noise shaping processing based on the frame type
of the current frame, refer to a related technology. Details
are not described in this embodiment of this application.
The noise shaping processing includes temporal noise
shaping (temporal noise shaping, TNS) processing and
frequency domain noise shaping (frequency domain
noise shaping, FDNS) processing.
[0159] When the transmission channel downmixing
processing is performed on the frequency-domain sig-
nals of the N transmission channels obtained through the
noise shaping processing, the N transmission channels
obtained through the noise shaping processing may be
paired according to a preset criterion, or the frequency-
domain signals of the N transmission channels obtained
through the noise shaping processing may be paired ac-
cording to signal correlation. Then, mid side (mid side,
MS) downmixing processing is performed based on the
two paired frequency-domain signals.
[0160] For example, if the N transmission channels in-
clude two virtual speaker signals and four residual sig-
nals, the two virtual speaker signals may be grouped into
a pair according to a preset criterion for downmixing
processing. A correlation between every two residual sig-
nals in the four residual signals may be further deter-
mined, two residual signals with high correlation are se-
lected to form a pair, and the other two residual signals
form a pair, and downmixing processing is separately

performed.
[0161] It should be noted that downmixing processing
is performed on the two paired frequency-domain sig-
nals, and a result of the downmixing processing may be
one frequency-domain signal, or may be two frequency-
domain signals, depending on an encoding processing
process.
[0162] The low-frequency part and the high-frequency
part of the signal may be divided in a plurality of manners.
For example, 2000 Hz is used as a boundary point, a
part of the downmixed signal whose frequency is less
than 2000 Hz is used as the low-frequency part of the
signal, and a part of the downmixed signal whose fre-
quency is greater than 2000 Hz is used as the high-fre-
quency part of the signal. For another example, 5000 Hz
is used as a boundary point, a part of the downmixed
signal whose frequency is less than 5000 Hz is used as
the low-frequency part of the signal, and a part of the
downmixed signal whose frequency is greater than 5000
Hz is used as the high-frequency part of the signal.
[0163] Step 606: Encode the spatial encoding param-
eter to obtain a spatial encoding parameter encoding re-
sult, and write the spatial encoding parameter encoding
result and the frequency-domain signal encoding result
into the bitstream.
[0164] Optionally, the method may further include: en-
coding the global transient state detection result to obtain
a global transient state detection result encoding result,
and writing the global transient state detection result en-
coding result into the bitstream; or encoding the target
encoding parameter to obtain a target encoding param-
eter encoding result, and writing the target encoding pa-
rameter encoding result into the bitstream.
[0165] In this embodiment of this application, transient
state detection may be performed on the signals of the
M channels included in the time-domain three-dimen-
sional audio signal of the current frame, to determine the
global transient state detection result. Then, based on
the global transient state detection result, time-frequency
transform and spatial encoding of the audio signal are
sequentially performed, and the frequency-domain sig-
nal of each transmission channel is encoded. Especially,
when the frequency-domain signal of each transmission
channel obtained through the spatial encoding is encod-
ed, the global transient state detection result is used as
the transient state detection result of each transmission
channel, and the frequency-domain signal of each trans-
mission channel does not need to be converted into a
time domain to determine the transient state detection
result corresponding to each transmission channel.
Therefore, the three-dimensional audio signal does not
need to be transformed between a time domain and a
frequency domain for a plurality of times. This can reduce
encoding complexity and improve encoding efficiency.
In addition, in this embodiment of this application, the
transient state detection result of each transmission
channel does not need to be encoded, and only the global
transient state detection result needs to be encoded into
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the bitstream. This can reduce a quantity of bits for en-
coding.
[0166] FIG. 7 and FIG. 8 are both block diagrams of
an example encoding method according to an embodi-
ment of this application. FIG. 7 and FIG. 8 mainly describe
an example of the encoding method shown in FIG. 6. In
FIG. 7, transient state detection is separately performed
on signals of M channels included in a time-domain three-
dimensional audio signal of a current frame, to obtain M
transient state detection results corresponding to the M
channels. A global transient state detection result is de-
termined based on the M transient state detection results.
The global transient state detection result is encoded to
obtain a global transient state detection result encoding
result. The global transient state detection result encod-
ing result is written into a bitstream. A time-domain three-
dimensional audio signal of a current frame is converted
into a frequency-domain three-dimensional audio signal
based on the global transient state detection result. Spa-
tial encoding is performed on the frequency-domain
three-dimensional audio signal of the current frame
based on the global transient state detection result to
obtain a spatial encoding parameter and frequency-do-
main signals of N transmission channels. The spatial en-
coding parameter is encoded to obtain a spatial encoding
parameter encoding result. The spatial encoding param-
eter encoding result and the frequency-domain signal en-
coding result are written into the bitstream. The frequen-
cy-domain signals of the N transmission channels are
encoded based on the global transient state detection
result. Further, in FIG. 8, after the spatial encoding is
performed on the frequency-domain three-dimensional
audio signal of the current frame to obtain the spatial
encoding parameter and the frequency-domain signals
of the N transmission channels, the spatial encoding pa-
rameter is encoded to obtain the spatial encoding param-
eter encoding result, and the spatial encoding parameter
encoding result and the frequency-domain signal encod-
ing result are written into the bitstream. Then, noise shap-
ing processing, transmission channel downmixing
processing, quantization and encoding processing, and
bandwidth expansion processing are performed on the
frequency-domain signals of the N transmission chan-
nels based on the global transient state detection result,
and an encoding result of a signal obtained through the
bandwidth expansion processing is written into the bit-
stream.
[0167] Based on the descriptions in step 606, the en-
coder side device may encode the global transient state
detection result into the bitstream, or may not encode the
global transient state detection result into the bitstream.
In addition, the encoder side device may encode the tar-
get encoding parameter into the bitstream, or may not
encode the target encoding parameter into the bitstream.
If the encoder side device encodes the global transient
state detection result into the bitstream, a decoder side
device may perform decoding by using the following
method shown in FIG. 9. When the encoder side device

encodes the target encoding parameter into the bit-
stream, the decoder side device may parse the bitstream
to obtain the target encoding parameter, and then per-
form decoding based on a frame type of the current frame
included in the target encoding parameter. A specific im-
plementation process is similar to the process in FIG. 9.
Certainly, the encoder side device may not encode the
global transient state detection result into the bitstream,
and may not encode the target encoding parameter into
the bitstream. In this case, for a process of decoding the
three-dimensional audio signal, refer to a related tech-
nology. Details are not described in this embodiment of
this application.
[0168] FIG. 9 is a flowchart of a first decoding method
according to an embodiment of this application. The
method is applied to a decoder side, and includes the
following steps.
[0169] Step 901: Parse a bitstream to obtain a global
transient state detection result and a spatial encoding
parameter.
[0170] Step 902: Perform decoding based on the glo-
bal transient state detection result and the bistream to
obtain frequency-domain signals of N transmission chan-
nels.
[0171] In some embodiments, a frame type of a current
frame is determined based on the global transient state
detection result. Decoding is performed based on the
frame type of the current frame and the bitstream to ob-
tain the frequency-domain signals of the N transmission
channels.
[0172] For an implementation of determining the frame
type of the current frame based on the global transient
state detection result, refer to related descriptions in step
603. Details are not described herein again. For an im-
plementation of performing decoding based on the frame
type of the current frame and the bitstream, refer to a
related technology. Details are not described in this em-
bodiment of this application.
[0173] Step 903: Perform spatial decoding on the fre-
quency-domain signals of the N transmission channels
based on the global transient state detection result and
the spatial encoding parameter to obtain a reconstructed
frequency-domain three-dimensional audio signal.
[0174] In some embodiments, spatial decoding is per-
formed on the frequency-domain signals of the N trans-
mission channels based on the frame type of the current
frame and the spatial encoding parameter to obtain the
reconstructed frequency-domain three-dimensional au-
dio signal. The frame type of the current frame is deter-
mined based on the global transient state detection re-
sult. In other words, the frame type of the current frame
is determined based on the global transient state detec-
tion result, and then spatial decoding is performed on the
frequency-domain signals of the N transmission chan-
nels based on the frame type of the current frame and
the spatial encoding parameter to obtain the reconstruct-
ed frequency-domain three-dimensional audio signal.
[0175] For an implementation process of performing

37 38 



EP 4 398 242 A1

21

5

10

15

20

25

30

35

40

45

50

55

spatial decoding on the frequency-domain signals of the
N transmission channels based on the frame type of the
current frame and the spatial encoding parameter, refer
to a related technology. Details are not described in this
embodiment of this application.
[0176] Step 904: Determine a reconstructed time-do-
main three-dimensional audio signal based on the global
transient state detection result and the reconstructed fre-
quency-domain three-dimensional audio signal.
[0177] In some embodiments, a target encoding pa-
rameter is determined based on the global transient state
detection result. The target encoding parameter includes
a window function type of the current frame and/or the
frame type of the current frame. The reconstructed fre-
quency-domain three-dimensional audio signal is con-
verted into the reconstructed time-domain three-dimen-
sional audio signal based on the target encoding param-
eter.
[0178] For an implementation of determining the target
encoding parameter based on the global transient state
detection result, refer to related descriptions in step 603.
Details are not described herein again.
[0179] Based on the foregoing descriptions, the target
encoding parameter includes the window function type
of the current frame and/or the frame type of the current
frame. To be specific, the target encoding parameter in-
cludes the window function type of the current frame, or
the target encoding parameter includes the frame type
of the current frame, or the target encoding parameter
includes the window function type and the frame type of
the current frame. When parameters included in the tar-
get encoding parameter are different, processes of con-
verting the reconstructed frequency-domain three-di-
mensional audio signal into the reconstructed time-do-
main three-dimensional audio signal based on the target
encoding parameter are different. Therefore, descrip-
tions are separately provided below.
[0180] In a first case, the target encoding parameter
includes the window function type of the current frame.
In this case, windowing removal processing is performed
on the reconstructed frequency-domain three-dimen-
sional audio signal based on a window function indicated
by the window function type of the current frame. Then,
a frequency-domain three-dimensional audio signal ob-
tained through the windowing removal processing is con-
verted into the reconstructed time-domain three-dimen-
sional audio signal.
[0181] The windowing removal processing is also re-
ferred to as windowing and overlap-add processing.
[0182] In a second case, the target encoding parame-
ter includes the frame type of the current frame. In this
case, if the frame type of the current frame is a first type,
it indicates that the current frame includes a plurality of
short frames. In this case, a reconstructed frequency-
domain three-dimensional audio signal of each short
frame is converted into a time-domain three-dimensional
audio signal to obtain a reconstructed time-domain three-
dimensional audio signal. If the frame type of the current

frame is a second type, it indicates that the current frame
includes a long frame. In this case, a reconstructed fre-
quency-domain three-dimensional audio signal of the
long frame included in the current frame is directly con-
verted into a time-domain three-dimensional audio signal
to obtain a reconstructed time-domain three-dimensional
audio signal. If the frame type of the current frame is a
third type, it indicates that the current frame includes a
plurality of ultra-short frames. In this case, a reconstruct-
ed frequency-domain three-dimensional audio signal of
each ultra-short frame is converted into a time-domain
three-dimensional audio signal to obtain a reconstructed
time-domain three-dimensional audio signal.
[0183] In a third case, the target encoding parameter
includes the window function type and the frame type of
the current frame. In this case, if the frame type of the
current frame is a first type, it indicates that the current
frame includes a plurality of short frames. In this case,
windowing removal processing is performed, based on
the window function indicated by the window function
type of the current frame, on a frequency-domain three-
dimensional audio signal of each short frame included in
the current frame, and a reconstructed frequency-do-
main three-dimensional audio signal of each short frame
obtained through the windowing removal processing is
converted into a time-domain three-dimensional audio
signal to obtain a reconstructed time-domain three-di-
mensional audio signal. If the frame type of the current
frame is a second type, it indicates that the current frame
includes a long frame. In this case, windowing removal
processing is performed, based on the window function
indicated by the window function type of the current
frame, on a reconstructed frequency-domain three-di-
mensional audio signal of the long frame included in the
current frame, and a frequency-domain three-dimension-
al audio signal of the long frame obtained through the
windowing removal processing is converted into a time-
domain three-dimensional audio signal to obtain a recon-
structed time-domain three-dimensional audio signal. If
the frame type of the current frame is a third type, it in-
dicates that the current frame includes a plurality of ultra-
short frames. In this case, windowing removal processing
is performed, based on the window function indicated by
the window function type of the current frame, on a fre-
quency-domain three-dimensional audio signal of each
ultra-short frame included in the current frame, and a
reconstructed frequency-domain three-dimensional au-
dio signal of each ultra-short frame obtained through the
windowing removal processing is converted into a time-
domain three-dimensional audio signal to obtain a recon-
structed time-domain three-dimensional audio signal.
[0184] In this embodiment of this application, a decod-
er side parses a bitstream to obtain the global transient
state detection result and the spatial encoding parame-
ter. In this way, the time-domain three-dimensional audio
signal can be reconstructed based on the global transient
state detection result and the spatial encoding parame-
ter, and there is no need to parse the bitstream to obtain
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a transient state detection result of each transmission
channel. This can reduce decoding complexity and im-
prove decoding efficiency. In addition, when the target
encoding parameter is not encoded into the bitstream,
the target encoding parameter may be directly deter-
mined based on the global transient state detection re-
sult, to reconstruct the time-domain three-dimensional
audio signal.
[0185] FIG. 10 is a block diagram of an example de-
coding method according to an embodiment of this ap-
plication. FIG. 10 mainly describes an example of the
decoding method shown in FIG. 9. In FIG. 10, a bitstream
is parsed to obtain a global transient state detection result
and a spatial encoding parameter. Decoding is per-
formed based on the global transient state detection re-
sult and the bistream to obtain frequency-domain signals
of N transmission channels. Spatial decoding is per-
formed on the frequency-domain signals of the N trans-
mission channels based on the global transient state de-
tection result and the spatial encoding parameter to ob-
tain a reconstructed frequency-domain three-dimension-
al audio signal. A reconstructed time-domain three-di-
mensional audio signal is determined through windowing
removal processing and time-frequency inverse trans-
form based on the global transient state detection result
and the reconstructed frequency-domain three-dimen-
sional audio signal.
[0186] FIG. 11 is a flowchart of a second encoding
method according to an embodiment of this application.
The encoding method is applied to an encoder side de-
vice, and includes the following steps.
[0187] Step 1101: Separately perform transient state
detection on signals of M channels included in a time-
domain three-dimensional audio signal of a current
frame, to obtain M transient state detection results cor-
responding to the M channels, where M is an integer
greater than 1.
[0188] For an implementation of determining the M
transient state detection results corresponding to the M
channels, refer to related descriptions in step 601. Details
are not described herein again.
[0189] Step 1102: Determine a global transient state
detection result based on the M transient state detection
results.
[0190] For an implementation of determining global
transient state position information based on the M tran-
sient state detection results, refer to related descriptions
in step 602. Details are not described herein again.
[0191] Step 1103: Convert the time-domain three-di-
mensional audio signal of the current frame into a fre-
quency-domain three-dimensional audio signal based on
the global transient state detection result.
[0192] For a manner of converting the time-domain
three-dimensional audio signal of the current frame into
the frequency-domain three-dimensional audio signal
based on the global transient state detection result, refer
to related descriptions in step 603. Details are not de-
scribed herein again.

[0193] Step 1104: Perform spatial encoding on the fre-
quency-domain three-dimensional audio signal of the
current frame based on the global transient state detec-
tion result to obtain a spatial encoding parameter and
frequency-domain signals of N transmission channels,
where N is an integer greater than or equal to 1 and less
than or equal to M.
[0194] For an implementation of performing spatial en-
coding on the frequency-domain three-dimensional au-
dio signal of the current frame based on the global tran-
sient state detection result, refer to related descriptions
in step 604. Details are not described herein again.
[0195] Step 1105: Determine N transient state detec-
tion results corresponding to the N transmission channels
based on the M transient state detection results.
[0196] In some embodiments, transient state flags of
virtual speaker signals of one or more channels included
in the N transmission channels are determined based on
the M transient state flags by using a first preset rule.
Transient state flags of residual signals of one or more
channels included in the N transmission channels are
determined based on the M transient state flags by using
a second preset rule.
[0197] In an example, the first preset rule includes: if
a quantity of transient state flags that are a first value in
the M transient state flags is greater than or equal to P,
all the transient state flags of the virtual speaker signals
of the one or more channels included in the N transmis-
sion channels are the first value. The second preset rule
includes: if a quantity of transient state flags that are the
first value in the M transient state flags is greater than or
equal to Q, all the transient state flags of the residual
signals of the one or more channels included in the N
transmission channels are the first value.
[0198] Both P and Q are positive integers less than M.
P and Q are preset values, and P and Q can also be
adjusted based on different requirements. Optionally, be-
cause the virtual speaker signal is used for recording a
real three-dimensional audio signal and is more impor-
tant than the residual signal, P is less than Q.
[0199] In another example, the first preset rule in-
cludes: if a quantity of transient state flags that are a first
value in the M transient state flags is greater than or equal
to P, all the transient state flags corresponding to the
virtual speaker signals of the one or more channels in-
cluded in the N transmission channels are the first value.
The second preset rule includes: if a quantity of channels
that meet a first preset condition and whose correspond-
ing transient state flags are the first value in the M tran-
sient state flags is greater than or equal to R, all the tran-
sient state flags corresponding to the residual signals of
the one or more channels included in the N transmission
channels are the first value.
[0200] Both P and R are positive integers less than M.
P and R are preset values, and P and R can also be
adjusted based on different requirements. If the three-
dimensional audio signal is an HOA signal, the first preset
condition includes belonging to channels of an FOA sig-
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nal. A channel that meets the first preset condition in the
M channels is a channel in which the FOA signal in the
three-dimensional audio signal of the current frame is
located. The FOA signal is signals of first four channels
of the HOA signal. Certainly, the first preset condition
may alternatively be another condition.
[0201] In some other embodiments, the N transient
state flags may be further determined based on the M
transient state flags according to a mapping relationship
between the M transient state flags and the N transmis-
sion channels. The mapping relationship is pre-deter-
mined.
[0202] For example, a transmission channel included
in the N transmission channels is mapped to a plurality
of channels in the M channels. If at least one transient
state flag in the M transient state flags is the first value,
a transient state flag of the transmission channel in the
N transmission channels is the first value.
[0203] It should be noted that step 1105 may be per-
formed on any occasion after step 1101 and before step
1106. An occasion for performing step 1105 is not limited
in this embodiment of this application.
[0204] Step 1106: Encode the frequency-domain sig-
nals of the N transmission channels based on the N tran-
sient state detection results to obtain a frequency-domain
signal encoding result.
[0205] In some embodiments, the frame type corre-
sponding to each of the N transmission channels is de-
termined based on the N transient state detection results.
The frequency-domain signal of the corresponding trans-
mission channel in the N transmission channels is en-
coded based on the frame type corresponding to each
of the N transmission channels.
[0206] Because implementations of determining the
frame type corresponding to each of the N transmission
channels are the same, the following describes an ex-
ample of one of the transmission channels. For ease of
description, the transmission channel is referred to as a
target transmission channel.
[0207] An implementation process of determining a
frame type corresponding to the target transmission
channel based on a transient state detection result cor-
responding to the target transmission channel includes:
if a transient state flag corresponding to the target trans-
mission channel is the first value, determining that the
frame type corresponding to the target transmission
channel is a first type, where the first type indicates that
a signal of the target transmission channel includes a
plurality of short frames; or if the transient state flag cor-
responding to the target transmission channel is the sec-
ond value, determining that the frame type corresponding
to the target transmission channel is a second type,
where the second type indicates that the signal of the
target transmission channel includes a long frame.
[0208] It should be noted that the frame type of the
current frame indicates whether the current frame is a
short frame or a long frame. The short frame and the long
frame may be distinguished based on duration of the

frames. The specific duration may be set based on dif-
ferent requirements. This is not limited in this embodi-
ment of this application.
[0209] After the frame type corresponding to each
transmission channel is determined, noise shaping
processing may be performed on the frequency-domain
signal of each transmission channel based on the frame
type corresponding to each transmission channel. Then,
transmission channel downmixing processing is per-
formed on the frequency-domain signals of the N trans-
mission channels obtained through the noise shaping
processing, to obtain a downmixed signal. Quantization
and encoding processing are performed on a low-fre-
quency part of the downmixed signal, and an encoding
result is written into a bitstream. Bandwidth expansion
and encoding processing are performed on a high-fre-
quency part of the downmixed signal, and an encoding
result is written into the bitstream.
[0210] For related content of the noise shaping
processing, the transmission channel downmixing
processing, the quantization and encoding processing of
the low-frequency part, and the bandwidth expansion and
encoding processing, refer to related descriptions in step
605. Details are not described herein again.
[0211] Step 1107: Encode the spatial encoding pa-
rameter and the N transient state detection results to ob-
tain a spatial encoding parameter encoding result and N
transient state detection result encoding results, and
write the spatial encoding parameter encoding result and
the N transient state detection result encoding results
into the bitstream.
[0212] Optionally, the method may further include: en-
coding the global transient state detection result to obtain
a global transient state detection result encoding result,
and writing the global transient state detection result en-
coding result into the bitstream; or encoding the target
encoding parameter to obtain a target encoding param-
eter encoding result, and writing the target encoding pa-
rameter encoding result into the bitstream.
[0213] In this embodiment of this application, the virtual
speaker signal included in each transmission channel
and the transient state detection result corresponding to
the residual signal are determined based on the M tran-
sient state detection results corresponding to the M chan-
nels included in the three-dimensional audio signal. This
can improve encoding accuracy when the frequency-do-
main signal of each transmission channel is encoded. In
addition, the transient state detection result correspond-
ing to each transmission channel is determined based
on the M transient state detection results, and the fre-
quency-domain signal of each transmission channel
does not need to be converted into a time domain to
determine the transient state detection result corre-
sponding to each transmission channel. Therefore, the
three-dimensional audio signal does not need to be trans-
formed between a time domain and a frequency domain
for a plurality of times. This can reduce encoding com-
plexity and improve encoding efficiency.
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[0214] FIG. 12 and FIG. 13 are both block diagrams of
another example encoding method according to an em-
bodiment of this application. FIG. 12 and FIG. 13 mainly
describe an example of the encoding method shown in
FIG. 11. In FIG. 12, transient state detection is separately
performed on signals of M channels included in a time-
domain three-dimensional audio signal of a current
frame, to obtain M transient state detection results cor-
responding to the M channels. A global transient state
detection result is determined based on the M transient
state detection results. The global transient state detec-
tion result is encoded to obtain a global transient state
detection result encoding result. The global transient
state detection result encoding result is written into a bit-
stream. A time-domain three-dimensional audio signal
of a current frame is converted into a frequency-domain
three-dimensional audio signal based on the global tran-
sient state detection result. Spatial encoding is performed
on the frequency-domain three-dimensional audio signal
of the current frame based on the global transient state
detection result to obtain a spatial encoding parameter
and frequency-domain signals of N transmission chan-
nels. The spatial encoding parameter is encoded to ob-
tain a spatial encoding parameter encoding result. The
spatial encoding parameter encoding result is written into
the bitstream. N transient state detection results corre-
sponding to the N transmission channels are determined
based on the M transient state detection results. The N
transient state detection results are encoded to obtain N
transient state detection result encoding results. The N
transient state detection result encoding results are writ-
ten into the bitstream. The frequency-domain signals of
the N transmission channels are encoded based on the
N transient state detection results. Further, in FIG. 13,
after the N transient state detection results are deter-
mined, noise shaping processing is performed on the fre-
quency-domain signals of the N transmission channels
based on the N transient state detection results. Then,
transmission channel downmixing processing, quantiza-
tion and encoding processing, and bandwidth expansion
processing are performed on a frequency-domain signal
of each transmission channel obtained through the noise
shaping processing, and an encoding result of a signal
obtained through the bandwidth expansion processing
is written into the bitstream.
[0215] Based on the descriptions in step 1107, the en-
coder side device may encode the global transient state
detection result into the bitstream, or may not encode the
global transient state detection result into the bitstream.
In addition, the encoder side device may encode the tar-
get encoding parameter into the bitstream, or may not
encode the target encoding parameter into the bitstream.
If the encoder side device encodes the global transient
state detection result into the bitstream, a decoder side
device may perform decoding by using the following
method shown in FIG. 14. When the encoder side device
encodes the target encoding parameter into the bit-
stream, the decoder side device may parse the bitstream

to obtain the target encoding parameter, and then per-
form decoding based on the frame type of the current
frame included in the target encoding parameter. A spe-
cific implementation process is similar to the process in
FIG. 14. Certainly, the encoder side device may not en-
code the global transient state detection result into the
bitstream, and may not encode the target encoding pa-
rameter into the bitstream. In this case, for a process of
decoding the three-dimensional audio signal, refer to a
related technology. Details are not described in this em-
bodiment of this application.
[0216] FIG. 14 is a flowchart of a second decoding
method according to an embodiment of this application.
The method is applied to a decoder side, and includes
the following steps.
[0217] Step 1401: Parse a bitstream to obtain a global
transient state detection result, N transient state detec-
tion results corresponding to N transmission channels,
and a spatial encoding parameter.
[0218] Step 1402: Perform decoding based on the N
transient state detection results and the bistream to ob-
tain frequency-domain signals of the N transmission
channels.
[0219] In some embodiments, a frame type corre-
sponding to each transmission channel is determined
based on the N transient state detection results. Decod-
ing is performed based on the frame type corresponding
to each transmission channel and the bitstream to obtain
the frequency-domain signals of the N transmission
channels.
[0220] For an implementation of determining the frame
type corresponding to each transmission channel based
on the N transient state detection results, refer to related
descriptions in step 1106. Details are not described here-
in again. For an implementation of performing decoding
based on the frame type corresponding to each trans-
mission channel and the bitstream, refer to a related tech-
nology. Details are not described in this embodiment of
this application.
[0221] Step 1403: Perform spatial decoding on the fre-
quency-domain signals of the N transmission channels
based on the frequency-domain signals of the N trans-
mission channels and the spatial encoding parameter to
obtain a reconstructed frequency-domain three-dimen-
sional audio signal.
[0222] In some embodiments, the frame type corre-
sponding to each transmission channel is determined
based on the N transient state detection results. Spatial
decoding is performed on the frequency-domain signals
of the N transmission channels based on the frame type
corresponding to each transmission channel and the spa-
tial encoding parameter to obtain the reconstructed fre-
quency-domain three-dimensional audio signal.
[0223] For an implementation process of performing
the spatial decoding on the frequency-domain signals of
the N transmission channels based on the frame type
corresponding to each transmission channel and the spa-
tial encoding parameter, refer to a related technology.
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Details are not described in this embodiment of this ap-
plication.
[0224] Step 1404: Determine a reconstructed time-do-
main three-dimensional audio signal based on the global
transient state detection result and the reconstructed fre-
quency-domain three-dimensional audio signal.
[0225] For an implementation of determining the re-
constructed time-domain three-dimensional audio signal
based on the global transient state detection result and
the reconstructed frequency-domain three-dimensional
audio signal, refer to related descriptions in step 904.
Details are not described herein again.
[0226] In this embodiment of this application, the de-
coder side parses the bitstream to obtain the global tran-
sient state detection result, the transient state detection
result corresponding to each transmission channel, and
the spatial encoding parameter. In this way, when de-
coding is performed based on the transient state detec-
tion result corresponding to each transmission channel,
the frequency-domain signal of each transmission chan-
nel can be accurately obtained. In addition, when a target
encoding parameter is not encoded into the bitstream,
the target encoding parameter may be directly deter-
mined based on the global transient state detection re-
sult, to reconstruct the time-domain three-dimensional
audio signal.
[0227] FIG. 15 is a block diagram of another example
decoding method according to an embodiment of this
application. FIG. 15 mainly describes an example of the
decoding method shown in FIG. 14. In FIG. 15, a global
transient state detection result, N transient state detec-
tion results corresponding to N transmission channels,
and a bitstream is parsed to obtain a spatial encoding
parameter. Decoding is performed based on the N tran-
sient state detection results and the bistream to obtain
frequency-domain signals of the N transmission chan-
nels. Spatial decoding is performed on the frequency-
domain signals of the N transmission channels based on
the frequency-domain signals of the N transmission
channels and the spatial encoding parameter to obtain
a reconstructed frequency-domain three-dimensional
audio signal. A reconstructed time-domain three-dimen-
sional audio signal is determined based on the global
transient state detection result and the reconstructed fre-
quency-domain three-dimensional audio signal.
[0228] FIG. 16 is a schematic diagram of a structure
of an encoding apparatus according to an embodiment
of this application. The encoding apparatus may be im-
plemented as a part or entire of an encoder side device
by using software, hardware, or a combination thereof.
The encoder side device may be the source apparatus
shown in FIG. 1. As shown in FIG. 16, the apparatus
includes: a transient state detection module 1601, a de-
termining module 1602, a conversion module 1603, a
spatial encoding module 1604, a first encoding module
1605, a second encoding module 1606, and a first writing
module 1607.
[0229] The transient state detection module 1601 is

configured to separately perform transient state detec-
tion on signals of M channels included in a time-domain
three-dimensional audio signal of a current frame, to ob-
tain M transient state detection results corresponding to
the M channels, where M is an integer greater than 1.
For a detailed implementation process, refer to corre-
sponding content in the foregoing embodiments. Details
are not described herein again.
[0230] The determining module 1602 is configured to
determine a global transient state detection result based
on the M transient state detection results. For a detailed
implementation process, refer to corresponding content
in the foregoing embodiments. Details are not described
herein again.
[0231] The conversion module 1603 is configured to
convert the time-domain three-dimensional audio signal
into a frequency-domain three-dimensional audio signal
based on the global transient state detection result. For
a detailed implementation process, refer to correspond-
ing content in the foregoing embodiments. Details are
not described herein again.
[0232] The spatial encoding module 1604 is configured
to perform spatial encoding on the frequency-domain
three-dimensional audio signal based on the global tran-
sient state detection result to obtain a spatial encoding
parameter and frequency-domain signals of N transmis-
sion channels, where N is an integer greater than or equal
to 1 and less than or equal to M. For a detailed imple-
mentation process, refer to corresponding content in the
foregoing embodiments. Details are not described herein
again.
[0233] The first encoding module 1605 is configured
to encode the frequency-domain signals of the N trans-
mission channels based on the global transient state de-
tection result to obtain a frequency-domain signal encod-
ing result. For a detailed implementation process, refer
to corresponding content in the foregoing embodiments.
Details are not described herein again.
[0234] The second encoding module 1606 is config-
ured to encode the spatial encoding parameter to obtain
a spatial encoding parameter encoding result. For a de-
tailed implementation process, refer to corresponding
content in the foregoing embodiments. Details are not
described herein again.
[0235] The first writing module 1607 is configured to
write the spatial encoding parameter encoding result and
the frequency-domain signal encoding result into a bis-
tream. For a detailed implementation process, refer to
corresponding content in the foregoing embodiments.
Details are not described herein again.
[0236] Optionally, the conversion module 1603 in-
cludes:

a determining unit, configured to determine a target
encoding parameter based on the global transient
state detection result, where the target encoding pa-
rameter includes a window function type of a current
frame and/or a frame type of the current frame; and
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a conversion unit, configured to convert the time-
domain three-dimensional audio signal into the fre-
quency-domain three-dimensional audio signal
based on the target encoding parameter.

[0237] Optionally, the global transient state detection
result includes a global transient state flag. The target
encoding parameter includes the window function type
of the current frame.
[0238] The determining unit is specifically configured
to:

if the global transient state flag is a first value, deter-
mine a type of a first preset window function as the
window function type of the current frame; or
if the global transient state flag is a second value,
determine a type of a second preset window function
as the window function type of the current frame.

[0239] A window length of the first preset window func-
tion is less than a window length of the second preset
window function.
[0240] Optionally, the global transient state detection
result includes a global transient state flag and global
transient state position information. The target encoding
parameter includes the window function type of the cur-
rent frame.
[0241] The determining unit is specifically configured
to:
if the global transient state flag is the first value, determine
the window function type of the current frame based on
the global transient state position information.
[0242] Optionally, the apparatus further includes:

a third encoding module, configured to encode the
target encoding parameter to obtain a target encod-
ing parameter encoding result; and
a second writing module, configured to write the tar-
get encoding parameter encoding result into the bis-
tream.

[0243] Optionally, the spatial encoding module 1604
is specifically configured to:
perform spatial encoding on the frequency-domain three-
dimensional audio signal based on the frame type.
[0244] Optionally, the first encoding module 1605 is
specifically configured to:
encode the frequency-domain signals of the N transmis-
sion channels based on the frame type of the current
frame.
[0245] Optionally, the transient state detection result
includes the transient state flag. The global transient
state detection result includes the global transient state
flag. The transient state flag indicates whether a signal
of a corresponding channel is a transient state signal.
[0246] The determining module 1602 is specifically
configured to:

if a quantity of transient state flags that are the first
value in the M transient state flags is greater than or
equal to m, determine that the global transient state
flag is the first value, where m is a positive integer
greater than 0 and less than M; or
if a quantity of channels that meet a first preset con-
dition and whose corresponding transient state flags
are the first value in the M channels is greater than
or equal to n, determine that the global transient state
flag is the first value, where n is a positive integer
greater than 0 and less than M.

[0247] Optionally, the transient state detection result
further includes transient state position information. The
global transient state detection result further includes the
global transient state position information. The transient
state position information indicates a position in which a
transient state occurs in the signal of the corresponding
channel.
[0248] The determining module 1602 is specifically
configured to:

if only one transient state flag in the M transient state
flags is the first value, determine transient state po-
sition information corresponding to a channel whose
transient state flag is the first value as the global
transient state position information; or
if at least two transient state flags in the M transient
state flags are the first value, determine transient
state position information, as the global transient
state position information, corresponding to a chan-
nel with a largest transient state detection parameter
in at least two channels corresponding to the at least
two transient state flags.

[0249] Optionally, the apparatus further includes:

a fourth encoding module, configured to encode the
global transient state detection result to obtain a glo-
bal transient state detection result encoding result;
and
a third writing module, configured to write the global
transient state detection result encoding result into
the bistream.

[0250] In this embodiment of this application, transient
state detection may be performed on the signals of the
M channels included in the time-domain three-dimen-
sional audio signal of the current frame, to determine the
global transient state detection result. Then, based on
the global transient state detection result, time-frequency
transform and spatial encoding of the audio signal are
sequentially performed, and the frequency-domain sig-
nal of each transmission channel is encoded. Especially,
when the frequency-domain signal of each transmission
channel obtained through the spatial encoding is encod-
ed, the global transient state detection result is used as
the transient state detection result of each transmission
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channel, and the frequency-domain signal of each trans-
mission channel does not need to be converted into a
time domain to determine the transient state detection
result corresponding to each transmission channel.
Therefore, the three-dimensional audio signal does not
need to be transformed between a time domain and a
frequency domain for a plurality of times. This can reduce
encoding complexity and improve encoding efficiency.
In addition, in this embodiment of this application, the
transient state detection result of each transmission
channel does not need to be encoded, and only the global
transient state detection result needs to be encoded into
the bitstream. This can reduce a quantity of bits for en-
coding.
[0251] It should be noted that, when the encoding ap-
paratus provided in the foregoing embodiment performs
encoding, division of the foregoing functional modules is
merely used as an example for description. In actual ap-
plication, the foregoing functions may be allocated to dif-
ferent functional modules for implementation based on
a requirement. In other words, an internal structure of the
apparatus is divided into different functional modules, to
implement all or some of the functions described above.
In addition, the encoding apparatus provided in the fore-
going embodiment has a same concept as the encoding
method embodiment. For details about a specific imple-
mentation process of the encoding apparatus, refer to
the method embodiment. Details are not described here-
in again.
[0252] FIG. 17 is a schematic diagram of a structure
of a decoding apparatus according to an embodiment of
this application. The decoding apparatus may be imple-
mented as a part or entire of a decoder side device by
using software, hardware, or a combination thereof. The
decoder side device may be the destination apparatus
shown in FIG. 1. As shown in FIG. 17, the apparatus
includes a parsing module 1701, a decoding module
1702, a spatial decoding module 1703, and a determining
module 1704.
[0253] The parsing module 1701 is configured to parse
a bitstream to obtain a global transient state detection
result and a spatial encoding parameter. For a detailed
implementation process, refer to corresponding content
in the foregoing embodiments. Details are not described
herein again.
[0254] The decoding module 1702 is configured to per-
form decoding based on the global transient state detec-
tion result and the bistream to obtain frequency-domain
signals of N transmission channels. For a detailed imple-
mentation process, refer to corresponding content in the
foregoing embodiments. Details are not described herein
again.
[0255] The spatial decoding module 1703 is configured
to perform spatial decoding on the frequency-domain sig-
nals of the N transmission channels based on the global
transient state detection result and the spatial encoding
parameter to obtain a reconstructed frequency-domain
three-dimensional audio signal. For a detailed implemen-

tation process, refer to corresponding content in the fore-
going embodiments. Details are not described herein
again.
[0256] The determining module 1704 is configured to
determine a reconstructed time-domain three-dimen-
sional audio signal based on the global transient state
detection result and the reconstructed frequency-domain
three-dimensional audio signal. For a detailed implemen-
tation process, refer to corresponding content in the fore-
going embodiments. Details are not described herein
again.
[0257] Optionally, the determining module 1704 in-
cludes:

a determining unit, configured to determine a target
encoding parameter based on the global transient
state detection result, where the target encoding pa-
rameter includes a window function type of a current
frame and/or a frame type of the current frame; and
a conversion unit, configured to convert the recon-
structed frequency-domain three-dimensional audio
signal into the reconstructed time-domain three-di-
mensional audio signal based on the target encoding
parameter.

[0258] Optionally, the global transient state detection
result includes a global transient state flag. The target
encoding parameter includes the window function type
of the current frame.
[0259] The determining unit is specifically configured
to:

if the global transient state flag is a first value, deter-
mine a type of a first preset window function as the
window function type of the current frame; or
if the global transient state flag is a second value,
determine a type of a second preset window function
as the window function type of the current frame.

[0260] A window length of the first preset window func-
tion is less than a window length of the second preset
window function.
[0261] Optionally, the global transient state detection
result includes a global transient state flag and global
transient state position information. The target encoding
parameter includes the window function type of the cur-
rent frame.
[0262] The determining unit is specifically configured
to:
if the global transient state flag is the first value, determine
the window function type of the current frame based on
the global transient state position information.
[0263] In this embodiment of this application, a decod-
er side parses the bitstream to obtain the global transient
state detection result and the spatial encoding parame-
ter. In this way, the time-domain three-dimensional audio
signal can be reconstructed based on the global transient
state detection result and the spatial encoding parame-
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ter, and there is no need to parse the bitstream to obtain
a transient state detection result of each transmission
channel. This can reduce decoding complexity and im-
prove decoding efficiency. In addition, when the target
encoding parameter is not encoded into the bitstream,
the target encoding parameter may be directly deter-
mined based on the global transient state detection re-
sult, to reconstruct the time-domain three-dimensional
audio signal.
[0264] It should be noted that, when the decoding ap-
paratus provided in the foregoing embodiment performs
decoding, division of the foregoing functional modules is
merely used as an example for description. In actual ap-
plication, the foregoing functions may be allocated to dif-
ferent functional modules for implementation based on
a requirement. In other words, an internal structure of the
apparatus is divided into different functional modules, to
implement all or some of the functions described above.
In addition, the decoding apparatus provided in the fore-
going embodiment has a same concept as the decoding
method embodiment. For details about a specific imple-
mentation process of the decoding apparatus, refer to
the method embodiment. Details are not described here-
in again.
[0265] FIG. 18 is a schematic block diagram of an en-
coding and decoding apparatus 1800 according to an
embodiment of this application. The encoding and de-
coding apparatus 1800 may include a processor 1801,
a memory 1802, and a bus system 1803. The processor
1801 and the memory 1802 are connected through the
bus system 1803. The memory 1802 is configured to
store instructions. The processor 1801 is configured to
execute the instructions stored in the memory 1802, to
perform the encoding or decoding methods described in
embodiments of this application. To avoid repetition, de-
tails are not described herein again.
[0266] In this embodiment of this application, the proc-
essor 1801 may be a central processing unit (central
processing unit, CPU), or the processor 1801 may be
another general-purpose processor, a DSP, an ASIC, an
FPGA or another programmable logic device, a discrete
gate or a transistor logic device, a discrete hardware com-
ponent, or the like. The general-purpose processor may
be a microprocessor, or the processor may be any con-
ventional processor, or the like.
[0267] The memory 1802 may include a ROM device
or a RAM device. Any another suitable type of storage
device may also be used as the memory 1802. The mem-
ory 1802 may include code and data 18021 accessed by
the processor 1801 through the bus 1803. The memory
1802 may further include an operating system 18023 and
an application 18022. The application 18022 includes at
least one program that enables the processor 1801 to
perform the encoding or decoding methods described in
embodiments of this application. For example, the appli-
cation 18022 may include applications 1 to N, and further
includes an encoding or decoding application (a coding
application for short) that performs the encoding or de-

coding methods described in embodiments of this appli-
cation.
[0268] In addition to a data bus, the bus system 1803
may further include a power bus, a control bus, a status
signal bus, and the like. However, for clear description,
various types of buses in the figure are marked as the
bus system 1803.
[0269] Optionally, the encoding and decoding appara-
tus 1800 may further include one or more output devices,
such as a display 1804. In an example, the display 1804
may be a touch-sensitive display that combines the dis-
play with a touch-sensitive unit operable to sense a touch
input. The display 1804 may be connected to the proc-
essor 1801 through the bus 1803.
[0270] It should be noted that the encoding and decod-
ing apparatus 1800 may perform the encoding method
in embodiments of this application, and may also perform
the decoding method in embodiments of this application.
[0271] A person skilled in the art can understand that
functions described with reference to various illustrative
logical blocks, modules, and algorithm steps disclosed
in this specification may be implemented by using hard-
ware, software, firmware, or any combination thereof. If
implemented by using software, the functions described
with reference to the illustrative logical blocks, modules,
and steps may be stored in or transmitted over a com-
puter-readable medium as one or more instructions or
code and executed by a hardware-based processing unit.
The computer-readable medium may include a compu-
ter-readable storage medium, which corresponds to a
tangible medium such as a data storage medium, or a
communication medium including any medium that facil-
itates transfer of a computer program from one place to
another (for example, according to a communication pro-
tocol). In this manner, the computer-readable medium
may generally correspond to a non-transitory tangible
computer-readable storage medium (1), or a communi-
cation medium (2) such as a signal or a carrier. The data
storage medium may be any usable medium that can be
accessed by one or more computers or one or more proc-
essors to retrieve instructions, code, and/or data struc-
tures for implementing the technologies described in this
application. A computer program product may include a
computer-readable medium.
[0272] By way of example and not limitation, such com-
puter-readable storage media may include a RAM, a
ROM, an EEPROM, a CD-ROM or another optical disc
storage apparatus, a magnetic disk storage apparatus
or another magnetic storage apparatus, a flash memory,
or any other medium that can store required program
code in a form of instructions or data structures and that
can be accessed by a computer. In addition, any con-
nection is properly referred to as a computer-readable
medium. For example, if an instruction is transmitted from
a website, a server, or another remote source through a
coaxial cable, an optical fiber, a twisted pair, a digital
subscriber line (digital subscriber line, DSL), or a wireless
technology such as infrared, radio, or microwave, the co-
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axial cable, the optical fiber, the twisted pair, the DSL, or
the wireless technology such as infrared, radio, or micro-
wave is included in a definition of the medium. However,
it should be understood that the computer-readable stor-
age medium and the data storage medium do not include
connections, carriers, signals, or other transitory media,
but actually mean non-transitory tangible storage media.
A disk and an optical disc used in this specification in-
clude a compact disc (CD), a laser disc, an optical disc,
a DVD, and a Blu-ray disc, where the disk generally mag-
netically reproduces data, and the optical disc optically
reproduces data by using a laser. A combination of the
foregoing items should also be included in the scope of
the computer-readable medium.
[0273] An instruction may be executed by one or more
processors such as one or more digital signal processors
(DSP), a general microprocessor, an application-specific
integrated circuit (ASIC), a field programmable gate array
(FPGA), or an equivalent integrated circuit or discrete
logic circuits. Therefore, the term "processor" used in this
specification may refer to the foregoing structure, or any
other structure that may be applied to implementation of
the technologies described in this specification. In addi-
tion, in some aspects, the functions described with ref-
erence to the illustrative logical blocks, modules, and
steps described in this specification may be provided
within dedicated hardware and/or software modules con-
figured for encoding and decoding, or may be incorpo-
rated into a combined codec. In addition, the technolo-
gies may be completely implemented in one or more cir-
cuits or logic elements. In an example, various illustrative
logic blocks, units, and modules in the encoder 100 and
the decoder 200 may be understood as corresponding
circuit devices or logic elements.
[0274] The technologies in embodiments of this appli-
cation may be implemented in various apparatuses or
devices, including a wireless handset, an integrated cir-
cuit (IC), or a set of ICs (for example, a chip set). Various
components, modules, or units are described in embod-
iments of this application to emphasize functional as-
pects of the apparatuses configured to perform the dis-
closed technologies, but are not necessarily implement-
ed by different hardware units. Actually, as described
above, various units may be combined in an encoder and
decoder hardware unit in combination with appropriate
software and/or firmware, or may be provided by inter-
operable hardware units (including one or more proces-
sors described above).
[0275] In other words, all or a part of the foregoing em-
bodiments may be implemented by using software, hard-
ware, firmware, or any combination thereof. When the
software is used for implementing embodiments, all or
some of embodiments may be implemented in a form of
a computer program product. The computer program
product includes one or more computer instructions.
When the computer instructions are loaded and executed
on the computer, the procedure or functions according
to the embodiments of this application are all or partially

generated. The computer may be a general-purpose
computer, a dedicated computer, a computer network,
or other programmable apparatuses. The computer in-
structions may be stored in a computer-readable storage
medium or may be transmitted from a computer-readable
storage medium to another computer-readable storage
medium. For example, the computer instructions may be
transmitted from a website, computer, server, or data
center to another website, computer, server, or data cent-
er in a wired (for example, a coaxial cable, an optical
fiber, or a digital subscriber line (digital subscriber line,
DSL)) or wireless (for example, infrared, radio, or micro-
wave) manner. The computer-readable storage medium
may be any usable medium accessible by a computer,
or a data storage device, such as a server or a data cent-
er, integrating one or more usable media. The usable
medium may be a magnetic medium (for example, a flop-
py disk, a hard disk, or a magnetic tape), an optical me-
dium (for example, a digital versatile disc (digital versatile
disc, DVD)), a semiconductor medium (for example, a
solid-state drive (solid state drive, SSD)), or the like. It
should be noted that the computer-readable storage me-
dium mentioned in this embodiment of this application
may be a non-volatile storage medium, or in other words,
may be a non-transitory storage medium.
[0276] It should be understood that "a plurality of" in
this specification means two or more. In the descriptions
of embodiments of this application, "/" means "or" unless
otherwise specified. For example, A/B may represent A
or B. In this specification, "and/or" describes only an as-
sociation relationship between associated objects and
represents that three relationships may exist. For exam-
ple, A and/or B may represent the following three cases:
Only A exists, both A and B exist, and only B exists. In
addition, to clearly describe the technical solutions in em-
bodiments of this application, terms such as "first" and
"second" are used in embodiments of this application to
distinguish between same items or similar items that pro-
vide basically same functions or purposes. A person
skilled in the art may understand that the terms such as
"first" and "second" do not limit a quantity or an execution
sequence, and the terms such as "first" and "second" do
not indicate a definite difference.
[0277] The foregoing descriptions are merely embod-
iments of this application, but are not intended to limit
this application. Any modification, equivalent replace-
ment, or improvement made without departing from the
spirit and principle of this application should fall within
the protection scope of this application.

Claims

1. An encoding method, wherein the method compris-
es:

separately performing transient state detection
on signals of M channels comprised in a time-
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domain three-dimensional audio signal of a cur-
rent frame, to obtain M transient state detection
results corresponding to the M channels, where-
in M is an integer greater than 1;
determining a global transient state detection re-
sult based on the M transient state detection re-
sults;
converting the time-domain three-dimensional
audio signal into a frequency-domain three-di-
mensional audio signal based on the global tran-
sient state detection result;
performing spatial encoding on the frequency-
domain three-dimensional audio signal based
on the global transient state detection result to
obtain a spatial encoding parameter and fre-
quency-domain signals of N transmission chan-
nels, wherein N is an integer greater than or
equal to 1 and less than or equal to M;
encoding the frequency-domain signals of the
N transmission channels based on the global
transient state detection result to obtain a fre-
quency-domain signal encoding result;
encoding the spatial encoding parameter to ob-
tain a spatial encoding parameter encoding re-
sult; and
writing the spatial encoding parameter encoding
result and the frequency-domain signal encod-
ing result into a bistream.

2. The method according to claim 1, wherein the con-
verting the time-domain three-dimensional audio
signal into a frequency-domain three-dimensional
audio signal based on the global transient state de-
tection result comprises:

determining a target encoding parameter based
on the global transient state detection result,
wherein the target encoding parameter compris-
es a window function type of the current frame
and/or a frame type of the current frame; and
converting the time-domain three-dimensional
audio signal into the frequency-domain three-
dimensional audio signal based on the target
encoding parameter.

3. The method according to claim 2, wherein the global
transient state detection result comprises a global
transient state flag, and the target encoding param-
eter comprises the window function type of the cur-
rent frame; and
the determining a target encoding parameter based
on the global transient state detection result com-
prises:

if the global transient state flag is a first value,
determining a type of a first preset window func-
tion as the window function type of the current
frame; or

if the global transient state flag is a second value,
determining a type of a second preset window
function as the window function type of the cur-
rent frame, wherein
a window length of the first preset window func-
tion is less than a window length of the second
preset window function.

4. The method according to claim 2, wherein the global
transient state detection result comprises a global
transient state flag and global transient state position
information, and the target encoding parameter com-
prises the window function type of the current frame;
and
the determining a target encoding parameter based
on the global transient state detection result com-
prises:
if the global transient state flag is a first value, deter-
mining the window function type of the current frame
based on the global transient state position informa-
tion.

5. The method according to any one of claims 2 to 4,
wherein the method further comprises:

encoding the target encoding parameter to ob-
tain a target encoding parameter encoding re-
sult; and
writing the target encoding parameter encoding
result into the bistream.

6. The method according to any one of claims 2 to 5,
wherein the performing spatial encoding on the fre-
quency-domain three-dimensional audio signal
based on the global transient state detection result
comprises:
performing spatial encoding on the frequency-do-
main three-dimensional audio signal based on the
frame type.

7. The method according to any one of claims 2 to 6,
wherein the encoding the frequency-domain signals
of the N transmission channels based on the global
transient state detection result comprises:
encoding the frequency-domain signals of the N
transmission channels based on the frame type of
the current frame.

8. The method according to any one of claims 1 to 7,
wherein the transient state detection result compris-
es a transient state flag, the global transient state
detection result comprises the global transient state
flag, and the transient state flag indicates whether a
signal of a corresponding channel is a transient state
signal; and
the determining a global transient state detection re-
sult based on the M transient state detection results
comprises:

57 58 



EP 4 398 242 A1

31

5

10

15

20

25

30

35

40

45

50

55

if a quantity of transient state flags that are the
first value in the M transient state flags is greater
than or equal to m, determining that the global
transient state flag is the first value, wherein m
is a positive integer greater than 0 and less than
M; or
if a quantity of channels that meet a first preset
condition and whose corresponding transient
state flags are the first value in the M channels
is greater than or equal to n, determining that
the global transient state flag is the first value,
wherein n is a positive integer greater than 0 and
less than M.

9. The method according to claim 8, wherein the tran-
sient state detection result further comprises tran-
sient state position information, the global transient
state detection result further comprises global tran-
sient state position information, and the transient
state position information indicates a position in
which a transient state occurs in the signal of the
corresponding channel; and
the determining a global transient state detection re-
sult based on the M transient state detection results
comprises:

if only one transient state flag in the M transient
state flags is the first value, determining tran-
sient state position information corresponding
to a channel whose transient state flag is the
first value as the global transient state position
information; or
if at least two transient state flags in the M tran-
sient state flags are the first value, determining
transient state position information, as the global
transient state position information, correspond-
ing to a channel with a largest transient state
detection parameter in at least two channels cor-
responding to the at least two transient state
flags.

10. The method according to any one of claims 1 to 9,
wherein the method further comprises:

encoding the global transient state detection re-
sult to obtain a global transient state detection
result encoding result; and
writing the global transient state detection result
encoding result into the bistream.

11. A decoding method, wherein the method comprises:

parsing a bitstream to obtain a global transient
state detection result and a spatial encoding pa-
rameter;
performing decoding based on the global tran-
sient state detection result and the bistream to
obtain frequency-domain signals of N transmis-

sion channels;
performing spatial decoding on the frequency-
domain signals of the N transmission channels
based on the global transient state detection re-
sult and the spatial encoding parameter to obtain
a reconstructed frequency-domain three-di-
mensional audio signal; and
determining a reconstructed time-domain three-
dimensional audio signal based on the global
transient state detection result and the recon-
structed frequency-domain three-dimensional
audio signal.

12. The method according to claim 11, wherein the de-
termining a reconstructed time-domain three-dimen-
sional audio signal based on the global transient
state detection result and the reconstructed frequen-
cy-domain three-dimensional audio signal compris-
es:

determining a target encoding parameter based
on the global transient state detection result,
wherein the target encoding parameter compris-
es a window function type of a current frame
and/or a frame type of the current frame; and
converting the reconstructed frequency-domain
three-dimensional audio signal into the recon-
structed time-domain three-dimensional audio
signal based on the target encoding parameter.

13. The method according to claim 12, wherein the glo-
bal transient state detection result comprises a glo-
bal transient state flag, and the target encoding pa-
rameter comprises the window function type of the
current frame; and
the determining a target encoding parameter based
on the global transient state detection result com-
prises:

if the global transient state flag is a first value,
determining a type of a first preset window func-
tion as the window function type of the current
frame; or
if the global transient state flag is a second value,
determining a type of a second preset window
function as the window function type of the cur-
rent frame, wherein
a window length of the first preset window func-
tion is less than a window length of the second
preset window function.

14. The method according to claim 12, wherein the glo-
bal transient state detection result comprises a glo-
bal transient state flag and global transient state po-
sition information, and the target encoding parame-
ter comprises the window function type of the current
frame; and
the determining a target encoding parameter based
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on the global transient state detection result com-
prises:
if the global transient state flag is a first value, deter-
mining the window function type of the current frame
based on the global transient state position informa-
tion.

15. An encoding apparatus, wherein the apparatus com-
prises:

a transient state detection module, configured
to separately perform transient state detection
on signals of M channels comprised in a time-
domain three-dimensional audio signal of a cur-
rent frame, to obtain M transient state detection
results corresponding to the M channels, where-
in M is an integer greater than 1;
a determining module, configured to determine
a global transient state detection result based
on the M transient state detection results;
a conversion module, configured to convert the
time-domain three-dimensional audio signal in-
to a frequency-domain three-dimensional audio
signal based on the global transient state detec-
tion result;
a spatial encoding module, configured to per-
form spatial encoding on the frequency-domain
three-dimensional audio signal based on the
global transient state detection result to obtain
a spatial encoding parameter and frequency-do-
main signals of N transmission channels, where-
in N is an integer greater than or equal to 1 and
less than or equal to M;
a first encoding module, configured to encode
the frequency-domain signals of the N transmis-
sion channels based on the global transient
state detection result to obtain a frequency-do-
main signal encoding result;
a second encoding module, configured to en-
code the spatial encoding parameter to obtain
a spatial encoding parameter encoding result;
and
a first writing module, configured to write the
spatial encoding parameter encoding result and
the frequency-domain signal encoding result in-
to a bistream.

16. The apparatus according to claim 15, wherein the
conversion module comprises:

a determining unit, configured to determine a
target encoding parameter based on the global
transient state detection result, wherein the tar-
get encoding parameter comprises a window
function type of the current frame and/or a frame
type of the current frame; and
a conversion unit, configured to convert the time-
domain three-dimensional audio signal into the

frequency-domain three-dimensional audio sig-
nal based on the target encoding parameter.

17. The apparatus according to claim 16, wherein the
global transient state detection result comprises a
global transient state flag, and the target encoding
parameter comprises the window function type of
the current frame; and
the determining unit is specifically configured to:

if the global transient state flag is a first value,
determine a type of a first preset window function
as the window function type of the current frame;
or
if the global transient state flag is a second value,
determine a type of a second preset window
function as the window function type of the cur-
rent frame, wherein
a window length of the first preset window func-
tion is less than a window length of the second
preset window function.

18. The apparatus according to claim 16, wherein the
global transient state detection result comprises a
global transient state flag and global transient state
position information, and the target encoding param-
eter comprises the window function type of the cur-
rent frame; and
the determining unit is specifically configured to:
if the global transient state flag is a first value, deter-
mine the window function type of the current frame
based on the global transient state position informa-
tion.

19. The apparatus according to any one of claims 16 to
18, wherein the apparatus further comprises:

a third encoding module, configured to encode
the target encoding parameter to obtain a target
encoding parameter encoding result; and
a second writing module, configured to write the
target encoding parameter encoding result into
the bistream.

20. The apparatus according to any one of claims 16 to
19, wherein the spatial encoding module is specifi-
cally configured to:
perform spatial encoding on the frequency-domain
three-dimensional audio signal based on the frame
type.

21. The apparatus according to any one of claims 16 to
20, wherein the first encoding module is specifically
configured to:
encode the frequency-domain signals of the N trans-
mission channels based on the frame type of the
current frame.
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22. The apparatus according to any one of claims 15 to
21, wherein the transient state detection result com-
prises a transient state flag, the global transient state
detection result comprises the global transient state
flag, and the transient state flag indicates whether a
signal of a corresponding channel is a transient state
signal; and
the determining module is specifically configured to:

if a quantity of transient state flags that are the
first value in the M transient state flags is greater
than or equal to m, determine that the global
transient state flag is the first value, wherein m
is a positive integer greater than 0 and less than
M; or
if a quantity of channels that meet a first preset
condition and whose corresponding transient
state flags are the first value in the M channels
is greater than or equal to n, determine that the
global transient state flag is the first value,
wherein n is a positive integer greater than 0 and
less than M.

23. The apparatus according to claim 22, wherein the
transient state detection result further comprises
transient state position information, the global tran-
sient state detection result further comprises global
transient state position information, and the transient
state position information indicates a position in
which a transient state occurs in the signal of the
corresponding channel; and
the determining module is specifically configured to:

if only one transient state flag in the M transient
state flags is the first value, determine transient
state position information corresponding to a
channel whose transient state flag is the first val-
ue as the global transient state position informa-
tion; or
if at least two transient state flags in the M tran-
sient state flags are the first value, determine
transient state position information, as the global
transient state position information, correspond-
ing to a channel with a largest transient state
detection parameter in at least two channels cor-
responding to the at least two transient state
flags.

24. The apparatus according to any one of claims 15 to
23, wherein the apparatus further comprises:

a fourth encoding module, configured to encode
the global transient state detection result to ob-
tain a global transient state detection result en-
coding result; and
a third writing module, configured to write the
global transient state detection result encoding
result into the bistream.

25. A decoding apparatus, wherein the apparatus com-
prises:

a parsing module, configured to parse a bit-
stream to obtain a global transient state detec-
tion result and a spatial encoding parameter;
a decoding module, configured to perform de-
coding based on the global transient state de-
tection result and the bistream to obtain frequen-
cy-domain signals of N transmission channels;
a spatial decoding module, configured to per-
form spatial decoding on the frequency-domain
signals of the N transmission channels based
on the global transient state detection result and
the spatial encoding parameter to obtain a re-
constructed frequency-domain three-dimen-
sional audio signal; and
a determining module, configured to determine
a reconstructed time-domain three-dimensional
audio signal based on the global transient state
detection result and the reconstructed frequen-
cy-domain three-dimensional audio signal.

26. The apparatus according to claim 25, wherein the
determining module comprises:

a determining unit, configured to determine a
target encoding parameter based on the global
transient state detection result, wherein the tar-
get encoding parameter comprises a window
function type of a current frame and/or a frame
type of the current frame; and
a conversion unit, configured to convert the re-
constructed frequency-domain three-dimen-
sional audio signal into the reconstructed time-
domain three-dimensional audio signal based
on the target encoding parameter.

27. The apparatus according to claim 26, wherein the
global transient state detection result comprises a
global transient state flag, and the target encoding
parameter comprises the window function type of
the current frame; and
the determining unit is specifically configured to:

if the global transient state flag is a first value,
determine a type of a first preset window function
as the window function type of the current frame;
or
if the global transient state flag is a second value,
determine a type of a second preset window
function as the window function type of the cur-
rent frame, wherein
a window length of the first preset window func-
tion is less than a window length of the second
preset window function.

28. The apparatus according to claim 26, wherein the
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global transient state detection result comprises a
global transient state flag and global transient state
position information, and the target encoding param-
eter comprises the window function type of the cur-
rent frame; and
the determining unit is specifically configured to:
if the global transient state flag is a first value, deter-
mine the window function type of the current frame
based on the global transient state position informa-
tion.

29. An encoder side device, wherein the encoder side
device comprises a memory and a processor; and
the memory is configured to store a computer pro-
gram, and the processor is configured to execute the
computer program stored in the memory, to imple-
ment the encoding method according to any one of
claims 1 to 10.

30. A decoder side device, wherein the decoder side de-
vice comprises a memory and a processor; and
the memory is configured to store a computer pro-
gram, and the processor is configured to execute the
computer program stored in the memory, to imple-
ment the decoding method according to any one of
claims 11 to 14.

31. A computer-readable storage medium, wherein the
storage medium stores instructions, and when the
instructions run on a computer, the computer is en-
abled to perform the method according to any one
of claims 1 to 14.

32. A computer-readable storage medium, comprising
a bistream obtained by using the encoding method
according to any one of claims 1 to 10.

33. A computer program, wherein when the computer
program is executed, the method according to any
one of claims 1 to 14 is implemented.
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