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METHOD AND APPARATUS FOR
CALCULATING DOWNMIXED SIGNAL AND
RESIDUAL SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/104,425, filed on Nov. 25, 2020,
which is a continuation of International Application No.
PCT/CN2019/089232, filed on May 30, 2019, which claims
priority to Chinese Patent Application No. 201810548874.9,
filed on May 31, 2018. All of the afore-mentioned patent
applications are hereby incorporated by reference in their
entireties.

TECHNICAL FIELD

[0002] This application relates to the audio field, and more
specifically, to a method and an apparatus for calculating a
downmixed signal and a residual signal.

BACKGROUND

[0003] As quality of life improves, people have increasing
demands on high-quality audio. In comparison with a mono-
phonic signal, a stereo signal has a sense of direction and
distribution of all sound sources, so that information clarity,
intelligibility, and immersive sense can be improved. There-
fore, the stereo signal is highly favored by people.

[0004] To better transmit a stereo signal on a limited
bandwidth, the stereo signal usually needs to be encoded
first, and then an encoding-processed bitstream is transmit-
ted to a decoder side. The decoder side performs decoding
processing on the received bitstream to obtain a decoded
stereo signal, and the decoded stereo signal is used for
playback.

[0005] There are a plurality of encoding and decoding
technologies for a stereo signal. A parameter stereo encoding
and decoding technology is a common stereo encoding and
decoding technology. In the parameter stereo encoding and
decoding technology, after a stereo signal is analyzed, a
spatial perception parameter, a downmixed signal, and a
residual signal may be obtained.

[0006] In a frame processing-based parametric stereo
encoding and decoding technology, when a coding rate is
comparatively low, for example, when the coding rate is 26
kilobits per second (kbps), 16.4 kbps, 24.4 kbps, or 32 kbps,
to improve a spatial sense and stability during playback of
an encoded and decoded stereo signal and reduce high-
frequency distortion of the stereo signal, when a preset
condition is met, a downmixed signal of each frame of a
stereo signal may be encoded, and a residual signal of a
subband that meets a preset bandwidth range may also be
encoded. For example, when the residual signal is encoded,
if the preset condition is met, only the residual signal that
meets the preset bandwidth range is encoded. If the preset
condition is not met, the residual signal is not encoded.
[0007] By using this stereo encoding method, encoding
statuses of residual signals of two adjacent frames may be
inconsistent. For example, a residual signal of a previous
frame of the two adjacent frames is in an encoded state, and
a residual signal of a current frame of the two adjacent
frames is in a non-encoded state. For another example, a
residual signal of a previous frame of the two adjacent
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frames is in a non-encoded state, and a residual signal of a
current frame of the two adjacent frames is in an encoded
state.

[0008] When the encoded statuses of the residual signals
of'the two adjacent frames are inconsistent, a latter frame of
the two frames may be referred to as a switching frame.
[0009] When there is a switching frame in a stereo signal
encoding process, when the encoded and decoded stereo
signal is played back, transition between the switching
frame and a previous frame of the switching frame is
unsmooth, thereby affecting auditory quality of the encoded
and decoded stereo signal.

SUMMARY

[0010] This application provides a method and an appa-
ratus for calculating a downmixed signal and a residual
signal, to enable transition between a switching frame and a
previous frame of the switching frame to be more smooth
when an encoded and decoded stereo signal is played back,
thereby providing better auditory quality of the encoded and
decoded stereo signal.

[0011] According to a first aspect, this application pro-
vides a method for calculating a downmixed signal and a
residual signal. The method includes:

[0012] obtaining an initial downmixed signal and an
initial residual signal of a subband corresponding to a
preset frequency band in a current frame of an audio
signal, where the audio signal is a stereo signal;

[0013] determining whether a first target frame of the
audio signal is a switching frame, where the first target
frame is the current frame or a previous frame of the
current frame; and

[0014] if the first target frame is a switching frame,
calculating, based on a switch fade-in/fade-out factor of
a second target frame, and the initial downmixed signal
and the initial residual signal of the subband corre-
sponding to the preset frequency band, a to-be-encoded
downmixed signal and a to-be-encoded residual signal
of the subband corresponding to the preset frequency
band in the current frame, where the second target
frame is the current frame or the previous frame of the
first target frame, and the switch fade-in/fade-out factor
of the second target frame is determined based on a
residual signal coding parameter of the second target
frame and at least one of an inter-frame energy fluc-
tuation parameter or an inter-frame amplitude fluctua-
tion parameter of the second target frame; and the
residual signal coding parameter of the second target
frame is used to represent an energy relationship
between a downmixed signal and a residual signal of
the second target frame, and the inter-frame energy
fluctuation parameter or the inter-frame amplitude fluc-
tuation parameter of the second target frame is used to
represent an energy or amplitude relationship between
a signal of the second target frame and signals of M
frames previous to the second target frame, where M is
a positive integer.

[0015] The first target frame and the second target frame
may be a same frame or different frames.

[0016] In an embodiment, the residual signal coding
parameter of the second target frame is used to represent an
energy ratio of the downmixed signal of the second target
frame to the residual signal of the second target frame;
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[0017] the residual signal coding parameter of the sec-
ond target frame is used to represent an energy differ-
ence between the downmixed signal of the second
target frame and the residual signal of the second target
frame; or

[0018] the residual signal coding parameter of the sec-
ond target frame is used to represent a logarithmic
energy difference between the downmixed signal of the
second target frame and the residual signal of the
second target frame.

[0019] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame is used to represent
a ratio of total energy of the downmixed signal of the second
target frame and the residual signal of the second target
frame to total energy of a downmixed signal of a previous
frame of the second target frame and a residual signal of the
previous frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame is
used to represent a difference between total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame and total energy of
a downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame;

[0020] the inter-frame energy fluctuation parameter of
the second target frame may be used to represent a
difference between a logarithm of total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame and a loga-
rithm of total energy of a downmixed signal of a
previous frame of the second target frame and a
residual signal of the previous frame of the second
target frame;

[0021] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the downmixed signal of the second target
frame to energy of a downmixed signal of a previous
frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame
is used to represent a difference between energy of the
downmixed signal of the second target frame and
energy of a downmixed signal of a previous frame of
the second target frame;

[0022] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the downmixed signal
of the second target frame and a logarithm of energy of
a downmixed signal of a previous frame of the second
target frame;

[0023] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the residual signal of the second target frame
to energy of a residual signal of a previous frame of the
second target frame, or the inter-frame energy fluctua-
tion parameter of the second target frame is used to
represent a difference between energy of the residual
signal of the second target frame and energy of a
residual signal of a previous frame of the second target
frame; or

[0024] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the residual signal of
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the second target frame and a logarithm of energy of a

residual signal of a previous frame of the second target

frame.
[0025] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame is used to
represent a ratio of a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame to
a sum of an amplitude sum of the downmixed signal of the
previous frame of the second target frame and an amplitude
sum of the residual signal of the previous frame of the
second target frame, or the inter-frame amplitude fluctuation
parameter of the second target frame is used to represent a
difference between a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame
and a sum of an amplitude sum of the downmixed signal of
the previous frame of the second target frame and an
amplitude sum of the residual signal of the previous frame
of the second target frame;

[0026] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of a sum of an ampli-
tude sum of the downmixed signal of the second target
frame and an amplitude sum of the residual signal of
the second target frame and a logarithm of a sum of an
amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum
of the residual signal of the previous frame of the
second target frame;

[0027] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the downmixed signal of the
second target frame to an amplitude sum of the down-
mixed signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation param-
eter of the second target frame is used to represent a
difference between an amplitude sum of the down-
mixed signal of the second target frame and an ampli-
tude sum of the downmixed signal of the previous
frame of the second target frame;

[0028] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the downmixed signal of the second target frame and a
logarithm of an amplitude sum of the downmixed
signal of the previous frame of the second target frame;

[0029] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the residual signal of the second
target frame to an amplitude sum of the residual signal
of the previous frame of the second target frame, or the
inter-frame amplitude fluctuation parameter of the sec-
ond target frame is used to represent a difference
between an amplitude sum of the residual signal of the
second target frame and an amplitude sum of the
residual signal of the previous frame of the second
target frame; or

[0030] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the residual signal of the second target frame and a
logarithm of an amplitude sum of the residual signal of
the previous frame of the second target frame.
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[0031] In an embodiment, the switch fade-in/fade-out fac-
tor of the second target frame is determined in the following
manner:

[0032] when frame_nrg ratio>NRG_TH1 and res_
dmx_ratio<RATIO_THI, switch_fade
factor=FACTOR_1;

[0033] when frame_nrg ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade
factor=FACTOR_2; or

[0034] in another case, switch_fade_factor=FACTOR_
3; where
[0035] frame_nrg ratio represents the inter-frame

energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_TH1 represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI, represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH2 represents a preset second threshold of
the residual signal coding parameter; switch_fade_
factor represents the switch fade-in/fade-out factor of
the second target frame; and FACTOR_1, FACTOR_2,
and FACTOR_3 represent preset values; and

[0036] NRG_THI>NRG_TH2, RATIO_THI<RATIO_
TH2, and FACTOR_1>FACTOR_3>FACTOR_2.

[0037] In an embodiment, the switch fade-in/fade-out fac-
tor of the second target frame is determined in the following
manner:

[0038] when frame_nrg ratio>NRG_TH1 and res_
dmx_ratio<RATIO_THI;

[0039] when frame_nrg ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade_factor=(1-
frame_nrg_ratio)*rem_dmx_ratio*FADE_FACTOR _
2; or

[0040] in another case, switch_fade factor=FADE_
FACTOR_3; where

[0041] frame_nrg ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_TH1 represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI, represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH2 represents a preset second threshold of
the residual signal coding parameter; switch_fade_
factor represents the switch fade-in/fade-out factor of
the second target frame; and FADE_FACTOR_1,
FADE_FACTOR_2, and FADE_FACTOR_3 represent
preset values; and

[0042] NRG_THI>NRG_TH2, RATIO_THI<RATIO_
TH2, and FADE_FACTOR_1>FADE_FACTOR_
3>FADE_FACTOR_2.

[0043] In an embodiment, FADE_FACTOR_3=0.5.
[0044] In an embodiment, FADE_FACTOR_1=0.75.
[0045] In an embodiment, FADE_FACTOR_2=0.25.
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[0046] In an embodiment, the calculating, based on a
switch fade-in/fade-out factor of a second target frame, the
initial downmixed signal, and the initial residual signal, a
to-be-encoded downmixed signal and a to-be-encoded
residual signal of the subband corresponding to the preset
frequency band in the current frame includes:

[0047] calculating the to-be-encoded downmixed signal

according to formula
DMX; ,(k)=DMX, ,(k)+(1-switch_fade_factor)*DMX_comp, ,(k);
and

[0048] calculating the to-be-encoded residual signal

according to formula
RES, ,(k)=switch_fade_factor*RES, ,'(k); where

[0049] DMX, (k) represents a to-be-encoded down-
mixed signal of a subband b in a subframe i in the
current frame; DMX, ,(k) represents an initial down-
mixed signal of the subband b in the subframe i in the
current frame; switch_fade_factor represents the switch
fade-in/fade-out factor; DMX_comp;, ,(k) represents a
compensated downmixed signal of the subband b in the
subframe i in the current frame; RES, ,'(k) represents
an initial residual signal of the subband b in the
subframe i in the current frame; RES, ,(k) represents a
to-be-encoded residual signal of the subband b in the
subframe i in the current frame; the subband b in the
subframe i in the current frame is a subband in the at
least one subband corresponding to the preset fre-
quency band; k represents a frequency bin index of the
subband b in the subframe i in the current frame; and
O=ix< P-1, where P represents a quantity of subframes
included in the current frame.

[0050] In an embodiment, Thl=b<Th2, Thl<b<Th2,
Thl=b<Th2, or Th1<b<Th2, where Thl represents an index
value of a subband with a smallest index value in the
subband corresponding to the preset frequency band, Th2
represents an index value of a subband with a largest index
value in the subband corresponding to the preset frequency
band, and 0=<Th1<Th2<M-1, where M represents a quantity
of the subbands corresponding to the preset frequency band,
and M=2.

[0051] In an embodiment, the determining whether the
first target frame is a switching frame includes: determining,
based on a residual coding switching flag value of the first
target frame, whether the first target frame is a switching
frame.

[0052] In an embodiment, when the residual coding flag
value of the first target frame is unequal to a residual coding
flag value of a previous frame of the first target frame, the
residual coding switching flag value of the first target frame
indicates that the first target frame is a switching frame;

[0053] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
modification flag value of the residual coding flag of
the previous frame of the first target frame indicates
that the residual coding flag value of the previous frame
of the first target frame has not been modified, the
residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; or

[0054] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of the previous frame of the first target frame, and a
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residual coding switching flag of the previous frame of
the first target frame indicates that the previous frame
of the first target frame is not a switching frame, the
residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; where

[0055] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.

[0056] In an embodiment, the determining whether the
first target frame is a switching frame includes:

[0057] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, determin-
ing that the first target frame is a switching frame,
where

[0058] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.

[0059] According to a second aspect, this application
provides an apparatus for calculating a downmixed signal
and a residual signal. The apparatus includes:

[0060] an obtaining module, configured to obtain an
initial downmixed signal and an initial residual signal
of a subband corresponding to a preset frequency band
in a current frame of an audio signal, where the audio
signal is a stereo signal;

[0061] a determining module, configured to determine
whether a first target frame of the audio signal is a
switching frame, where the first target frame is the
current frame or a previous frame of the current frame;
and

[0062] a calculation module, configured to: if the first
target frame is a switching frame, calculate, based on a
switch fade-in/fade-out factor of a second target frame,
the initial downmixed signal, and the initial residual
signal, a to-be-encoded downmixed signal and a to-be-
encoded residual signal of the subband corresponding
to the preset frequency band in the current frame, where
the second target frame is the current frame or the
previous frame of the current frame, and the switch
fade-in/fade-out factor of the second target frame is
determined based on a residual signal coding parameter
of the second target frame and at least one of an
inter-frame energy fluctuation parameter or an inter-
frame amplitude fluctuation parameter of the second
target frame; and the residual signal coding parameter
of the second target frame is used to represent an
energy relationship between a downmixed signal and a
residual signal of the second target frame, and the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter of the second
target frame is used to represent an energy or amplitude
relationship between a signal of the second target frame
and signals of M frames previous to the second target
frame, where M is a positive integer.
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[0063] In an embodiment, the residual signal coding
parameter of the second target frame is used to represent an
energy difference between the downmixed signal of the
second target frame and the residual signal of the second
target frame;

[0064] the residual signal coding parameter of the sec-
ond target frame is used to represent an energy differ-
ence between the downmixed signal of the second
target frame and the residual signal of the second target
frame; or

[0065] the residual signal coding parameter of the sec-
ond target frame is used to represent a logarithmic
energy difference between the downmixed signal of the
second target frame and the residual signal of the
second target frame.

[0066] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame is used to represent
a ratio of total energy of the downmixed signal of the second
target frame and the residual signal of the second target
frame to total energy of a downmixed signal of a previous
frame of the second target frame and a residual signal of the
previous frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame is
used to represent a difference between total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame and total energy of
a downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame;

[0067] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of total energy of the downmixed
signal of the second target frame and the residual signal
of the second target frame and a logarithm of total
energy of a downmixed signal of a previous frame of
the second target frame and a residual signal of the
previous frame of the second target frame;

[0068] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the downmixed signal of the second target
frame to energy of a downmixed signal of a previous
frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame
is used to represent a difference between energy of the
downmixed signal of the second target frame and
energy of a downmixed signal of a previous frame of
the second target frame;

[0069] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the downmixed signal
of the second target frame and a logarithm of energy of
a downmixed signal of a previous frame of the second
target frame;

[0070] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the residual signal of the second target frame
to energy of a residual signal of a previous frame of the
second target frame, or the inter-frame energy fluctua-
tion parameter of the second target frame is used to
represent a difference between energy of the residual
signal of the second target frame and energy of a
residual signal of a previous frame of the second target
frame; or
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[0071] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the residual signal of
the second target frame and a logarithm of energy of a
residual signal of a previous frame of the second target
frame.

[0072] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame is used to
represent a ratio of a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame to
a sum of an amplitude sum of the downmixed signal of the
previous frame of the second target frame and an amplitude
sum of the residual signal of the previous frame of the
second target frame, or the inter-frame amplitude fluctuation
parameter of the second target frame is used to represent a
difference between and a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame
between a sum of an amplitude sum of the downmixed
signal of the previous frame of the second target frame and
an amplitude sum of the residual signal of the previous
frame of the second target frame;

[0073] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of a sum of an ampli-
tude sum of the downmixed signal of the second target
frame and an amplitude sum of the residual signal of
the second target frame and a logarithm of a sum of an
amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum
of the residual signal of the previous frame of the
second target frame;

[0074] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the downmixed signal of the
second target frame to an amplitude sum of the down-
mixed signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation param-
eter of the second target frame is used to represent a
difference between an amplitude sum of the down-
mixed signal of the second target frame and an ampli-
tude sum of the downmixed signal of the previous
frame of the second target frame;

[0075] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the downmixed signal of the second target frame and a
logarithm of an amplitude sum of the downmixed
signal of the previous frame of the second target frame;

[0076] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the residual signal of the second
target frame to an amplitude sum of the residual signal
of the previous frame of the second target frame, or the
inter-frame amplitude fluctuation parameter of the sec-
ond target frame is used to represent a difference
between an amplitude sum of the residual signal of the
second target frame and an amplitude sum of the
residual signal of the previous frame of the second
target frame; or

[0077] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
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the residual signal of the second target frame and a
logarithm of an amplitude sum of the residual signal of
the previous frame of the second target frame.
[0078] In an embodiment, the calculation module is con-
figured to calculate the switch fade-in/fade-out factor of the
second target frame in the following manner:

[0079] when frame_nrg_ratio>NRG_TH1 and res_
dmx_ratioKRATIO_THI, switch_fade_
factor=FACTOR_1;

[0080] when frame_nrg_ratioKNRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade_
factor=FACTOR_2; or

[0081] in another case, switch_fade factor=FACTOR_
3; where

[0082] frame nrg_ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI1 represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI, represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor of
the second target frame; and FACTOR_1, FACTOR_2,
and FACTOR_3 represent preset values; and

[0083] NRG_THI>NRG_TH2, RATIO_THI1<RATIO_
TH2, and FACTOR_1>FACTOR_3>FACTOR_2.

[0084] In an embodiment, the calculation module is con-
figured to calculate the switch fade-in/fade-out factor of the
second target frame in the following manner:

[0085] when frame_nrg_ratio>NRG_TH1 and res_
dmx_ratioKRATIO_THI,

switch_fade_factor =

(1 - —) % (1 —rem_dmx_ratio) s FADE_FACTOR_1;
frame_nrg_ratio

[0086] when frame_nrg_ratioKNRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade_factor=(1—
frame_nrg_ratio)*rem_dmx_ratio*FADE_FACTOR _
2; or

[0087] in another case, switch_fade factor=FADE_
FACTOR_3; where

[0088] frame nrg_ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI1 represents a first threshold of the inter-
frame energy fluctuation parameter or the inter-frame
amplitude fluctuation parameter; NRG_TH?2 represents
a preset second threshold of the inter-frame energy
fluctuation parameter or the inter-frame amplitude fluc-
tuation parameter; res_dmx_ratio represents the
residual signal coding parameter of the second target
frame; RATIO_THI, represents a preset first threshold
of the residual signal coding parameter; RATIO_TH2
represents a preset second threshold of the residual
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signal coding parameter; switch_fade_factor represents
the switch fade-in/fade-out factor of the second target
frame; and FADE_FACTOR_1 FADE_FACTOR_2,
and FADE_FACTOR_3 represent preset values; and

[0089] NRG_THI>NRG_TH2, RATIO_THI<RATIO_
TH2, and FADE_FACTOR_1>FADE_FACTOR_
3>FADE_FACTOR_2.

[0090] In an embodiment, FADE_FACTOR_3=0.5.
[0091] In an embodiment, FADE_FACTOR_1=0.75.
[0092] In an embodiment, FADE_FACTOR_2=0.25.
[0093] In an embodiment, the calculation module is spe-

cifically configured to:

[0094] calculate, according to formula
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residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; or

[0102] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
residual coding switching flag of the previous frame of
the first target frame indicates that the previous frame
of the first target frame is not a switching frame, the
residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; where

[0103] the residual coding flag value of the first target

DMX, ,(k)=DMX, ,(k)+(1-switch_fade_factor)*DMX_comp, ,(ifame is used to indicate whether a residual signal of

the to-be-encoded downmixed signal of the subband
corresponding to the preset frequency band; and

[0095] calculate, according to formula
RES, ,(k)=switch_fade_factor*RES, ,'(k) the to-be-en-
coded residual signal of the subband corresponding to
the preset frequency band; where

[0096] DMX, (k) represents a to-be-encoded down-
mixed signal of a subband b in a subframe i in the
current frame; DMX, ,(k) represents an initial down-
mixed signal of the subband b in the subframe i in the
current frame; switch_fade_factor represents the switch
fade-in/fade-out factor; DMX_comp, ,(k) represents a
compensated downmixed signal of the subband b in the
subframe i in the current frame; RES, ,'(k) represents
an initial residual signal of the subband b in the
subframe i in the current frame; RES; (k) represents a
to-be-encoded residual signal of the subband b in the
subframe i in the current frame; the subband b in the
subframe i in the current frame is a subband in the at
least one subband corresponding to the preset fre-
quency band; k represents a frequency bin index of the
subband b in the subframe i in the current frame; and
O=ix< P-1, where P represents a quantity of subframes
included in the current frame.

[0097] In an embodiment, Thl=b<Th2, Thl<bs<Th2,
Th1=b<Th2, or Th1<b<Th2, where Thl represents an index
value of a subband with a smallest index value in the
subband corresponding to the preset frequency band, Th2
represents an index value of a subband with a largest index
value in the subband corresponding to the preset frequency
band, and 0=<Th1<Th2<M-1, where M represents a quantity
of subbands corresponding to the preset frequency band, and
M=z2.

[0098] In an embodiment, the determining module is
specifically configured to:

[0099] determine, based on a residual coding switching
flag value of the first target frame, whether the first
target frame is a switching frame.

[0100] In an embodiment, when a residual coding flag
value of the first target frame is unequal to a residual coding
flag value of a previous frame of the first target frame, the
residual coding switching flag value of the first target frame
indicates that the first target frame is a switching frame;

[0101] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
modification flag value of the residual coding flag of
the previous frame of the first target frame indicates
that the residual coding flag value of the previous frame
of the first target frame has not been modified, the

the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.
[0104] In an embodiment, the determining module is
specifically configured to:

[0105] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, determine
that the first target frame is a switching frame, where

[0106] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.

[0107] According to a third aspect, this application pro-
vides an apparatus for calculating a downmixed signal and
a residual signal. The apparatus includes a processor and a
memory. The processor is configured to execute a program
in the memory. When the processor executes the program,
the method according to any one of the first aspect or the
possible implementations of the first aspect is implemented.
[0108] According to a fourth aspect, this application pro-
vides a computer-readable storage medium. The computer-
readable storage medium stores program code executed by
an apparatus for calculating a downmixed signal and a
residual signal. The program code includes an instruction
used to perform the method according to any one of the first
aspect or the possible implementations of the first aspect.
[0109] According to a fifth aspect, this application pro-
vides a computer program product including an instruction.
When the computer program product is run on an apparatus
for calculating a downmixed signal and a residual signal, the
apparatus is enabled to perform the method according to any
one of the first aspect or the possible implementations of the
first aspect.

[0110] According to a sixth aspect, a chip is provided. The
chip includes a processor and a communications interface.
The communications interface is configured to communicate
with an external component, and the processor is configured
to perform the method according to any one of the first
aspect or the possible implementations of the first aspect.
[0111] In an embodiment, the chip may further include a
memory. The memory stores an instruction, and the proces-
sor is configured to execute the instruction stored in the
memory. When executing the instruction, the processor is
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configured to perform the method according to any one of
the first aspect or the possible implementations of the first
aspect.

[0112] In an embodiment, the chip is integrated into a
terminal device or a network device.

[0113] According to the method and the apparatus for
calculating a downmixed signal and a residual signal pro-
vided in this application, when the current frame or the
previous frame of the current frame is a switching frame, the
downmixed signal and the residual signal of the subband
corresponding to the preset frequency band in the current
frame are recalculated based on an energy relationship
between the downmixed signal and the residual signal of the
current frame or the previous frame and based on the energy
or amplitude relationship between the current frame of
signal or the previous frame of signal and the signals of the
M frames previous to the current frame or the previous
frame. In this way, transition between the switching frame
and the previous frame is enabled to be smoother when an
encoded and decoded stereo signal is played back, and better
auditory quality of the encoded and decoded stereo signal is
provided.

BRIEF DESCRIPTION OF DRAWINGS

[0114] FIG. 1 is a schematic structural diagram of a stereo
encoding and decoding system in time domain;

[0115] FIG. 2 is a schematic flowchart of a stereo encoding
method;
[0116] FIG. 3 is a schematic flowchart of another stereo

encoding method;

[0117] FIG. 4 is a schematic diagram of a mobile terminal
according to an embodiment of this application;

[0118] FIG. 5 is a schematic diagram of a network element
according to an embodiment of this application;

[0119] FIG. 6 is a schematic flowchart of a method for
calculating a downmixed signal and a residual signal accord-
ing to an embodiment of this application;

[0120] FIG. 7A and FIG. 7B are a schematic flowchart of
a stereo signal encoding method according to an embodi-
ment of this application;

[0121] FIG. 8A and FIG. 8B are a schematic flowchart of
a stereo signal encoding method according to an embodi-
ment of this application;

[0122] FIG. 9A and FIG. 9B are a schematic flowchart of
a stereo signal encoding method according to an embodi-
ment of this application;

[0123] FIG. 10A and FIG. 10B are a schematic flowchart
of a stereo signal encoding method according to an embodi-
ment of this application;

[0124] FIG. 11A and FIG. 11B are a schematic flowchart
of a stereo signal encoding method according to an embodi-
ment of this application;

[0125] FIG. 12 is a schematic structural diagram of an
apparatus for calculating a downmixed signal and a residual
signal according to an embodiment of this application; and
[0126] FIG. 13 is a schematic structural diagram of an
apparatus for calculating a downmixed signal and a residual
signal according to another embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0127] The following describes the technical solutions of
this application with reference to the accompanying draw-
ings.

Jul. 25, 2024

[0128] It should be understood that a stereo signal in this
application may be an original stereo signal, may be a stereo
signal constituted by two channels of signals included in a
multichannel signal, or may be a stereo signal constituted by
two channels of signals generated based on at least three
channels of signals included in a multichannel signal.
[0129] A stereo encoding method in this application may
be a stereo encoding method that can be independently
applied, or may be a stereo encoding method applied to
multichannel signal encoding.

[0130] FIG. 1 is a schematic structural diagram of a stereo
encoding and decoding system according to an example
embodiment of this application. The stereo encoding and
decoding system includes an encoding component 110 and
a decoding component 120.

[0131] The encoding component 110 is configured to
encode a stereo signal in frequency domain. Optionally, the
encoding component 110 may be implemented by using
software, may be implemented by using hardware, or may
be implemented by using a combination of software and
hardware. This is not limited in this embodiment of this
application.

[0132] When the encoding component 110 encodes the
stereo signal in frequency domain, in a possible embodi-
ment, operations shown in FIG. 2 may be included.

[0133] S210. Convert a time-domain stereo signal into a
frequency-domain stereo signal.

[0134] S220. Perform frequency-domain analysis on the
frequency-domain stereo signal to obtain a frequency-do-
main stereo parameter.

[0135] S230. Perform downmix processing on the fre-
quency-domain stereo signal to obtain a downmixed signal
and a residual signal.

[0136] The downmixed signal may be referred to as a mid
channel signal or a primary channel signal, and the residual
signal may be referred to as a side channel signal or a
secondary channel signal.

[0137] S240. Encode the downmixed signal to obtain a
coding parameter corresponding to the downmixed signal,
and write the coding parameter corresponding to the down-
mixed signal into an encoded bitstream.

[0138] S250. Encode the residual signal to obtain a coding
parameter corresponding to the residual signal, and write the
coding parameter corresponding to the residual signal into
the encoded bitstream. It should be noted that, in some
coding modes, S250 is not a mandatory operation, that is, the
residual signal is not necessarily encoded.

[0139] S260. Encode the frequency-domain stereo param-
eter to obtain a coding parameter corresponding to the
frequency-domain stereo parameter, and write the coding
parameter corresponding to the frequency-domain stereo
parameter into the encoded bitstream.

[0140] S270. Multiplex the obtained encoded bitstream.
[0141] When the encoding component 110 encodes the
stereo signal in frequency domain, in another possible
embodiment, operations shown in FIG. 3 may be included.
[0142] S310. Perform time-domain analysis on a time-
domain stereo signal to obtain a time-domain stereo param-
eter.

[0143] S320. Convert the time-domain stereo signal into a
frequency-domain stereo signal.

[0144] S330. Perform frequency-domain analysis on the
frequency-domain stereo signal to obtain a frequency-do-
main stereo parameter.
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[0145] S340. Encode the frequency-domain stereo param-
eter and the time-domain stereo parameter to obtain corre-
sponding coding parameters, and write the coding param-
eters into an encoded bitstream.

[0146] S350. Perform downmix processing on the fre-
quency-domain stereo signal to obtain a downmixed signal
and a residual signal.

[0147] S360. Encode the downmixed signal to obtain a
coding parameter corresponding to the downmixed signal,
and write the coding parameter corresponding to the down-
mixed signal into the encoded bitstream.

[0148] S370. Encode the residual signal to obtain a coding
parameter corresponding to the residual signal, and write the
coding parameter corresponding to the residual signal into
the encoded bitstream. It should be noted that, in some
coding modes, S370 is not a mandatory operation, that is, the
residual signal is not necessarily encoded.

[0149] S380. Multiplex the obtained encoded bitstream.
[0150] The decoding component 120 is configured to
decode the stereo encoded bitstream generated by the encod-
ing component 110, to obtain the stereo signal.

[0151] In an embodiment, the encoding component 110
and the decoding component 120 may be wiredly or wire-
lessly connected to each other. The decoding component 120
may obtain, over this connection between the decoding
component 120 and the encoding component 110, the stereo
encoded bitstream generated by the encoding component
110. Alternatively, the encoding component 110 may store
the generated stereo encoded bitstream in a memory, and the
decoding component 120 reads the stereo encoded bitstream
from the memory.

[0152] In an embodiment, the decoding component 120
may be implemented by using software, may be imple-
mented by using hardware, or may be implemented by using
a combination of software and hardware. This is not limited
in this embodiment of this application.

[0153] A process in which the decoding component 120
decodes the stereo encoded bitstream to obtain the stereo
signal may include the following several operations:
[0154] (1) Decode a first monophonic encoded bitstream
and a second monophonic encoded bitstream in the stereo
encoded bitstream to obtain a downmixed signal and a
residual signal.

[0155] (2) Obtain, based on the stereo encoded bitstream,
a coding index of a stereo parameter used for upmix pro-
cessing, and perform upmix processing on the downmixed
signal and the residual signal to obtain an upmix-processed
left channel signal and an upmix-processed right channel
signal.

[0156] (3) Adjust the upmix-processed left channel signal
and the upmix-processed right channel signal to obtain the
stereo signal.

[0157] In an embodiment, the encoding component 110
and the decoding component 120 may be disposed in one
device, or may be disposed in different devices. The device
may be a terminal having an audio signal processing func-
tion, such as a mobile phone, a tablet computer, a laptop
portable computer, a desktop computer, a Bluetooth speaker,
a recording pen, or a wearable device. Alternatively, the
device may be a network element having an audio signal
processing capability in a core network or a wireless net-
work. This is not limited in this embodiment.

[0158] For example, as shown in FIG. 4, the following
example is used for description in this embodiment. The
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encoding component 110 is disposed in a mobile terminal
130, and the decoding component 120 is disposed in a
mobile terminal 140. The mobile terminal 130 and the
mobile terminal 140 are mutually independent electronic
devices having an audio signal processing capability. For
example, the mobile terminal 130 and the mobile terminal
140 may be mobile phones, wearable devices, virtual reality
(virtual reality, VR) devices, augmented reality (augmented
reality, AR) devices, or the like. In addition, the mobile
terminal 130 and the mobile terminal 140 are connected by
using a wireless or wired network.

[0159] In an embodiment, the mobile terminal 130 may
include a collection component 131, the encoding compo-
nent 110, and a channel encoding component 132. The
collection component 131 is connected to the encoding
component 110, and the encoding component 110 is con-
nected to the channel encoding component 132.

[0160] In an embodiment, the mobile terminal 140 may
include an audio playing component 141, the decoding
component 120, and a channel decoding component 142.
The audio playing component 141 is connected to the
decoding component 120, and the decoding component 120
is connected to the channel decoding component 142.

[0161] After collecting a stereo signal by using the col-
lection component 131, the mobile terminal 130 encodes the
stereo signal by using the encoding component 110, to
obtain a stereo encoded bitstream; and then, encodes the
stereo encoded bitstream by using the channel encoding
component 132, to obtain a transmission signal.

[0162] The mobile terminal 130 sends the transmission
signal to the mobile terminal 140 by using the wireless or
wired network.

[0163] After receiving the transmission signal, the mobile
terminal 140 decodes the transmission signal by using the
channel decoding component 142, to obtain the stereo
encoded bitstream; decodes the stereo encoded bitstream by
using the decoding component 120, to obtain the stereo
signal; and plays the stereo signal by using the audio playing
component. It may be understood that the mobile terminal
130 may alternatively include the components included in
the mobile terminal 140, and the mobile terminal 140 may
alternatively include the components included in the mobile
terminal 130.

[0164] For example, as shown in FIG. 5, the following
example is used for description. The encoding component
110 and the decoding component 120 are disposed in one
network element 150 having an audio signal processing
capability in a core network or wireless network.

[0165] In an embodiment, the network element 150
includes a channel decoding component 151, the decoding
component 120, the encoding component 110, and a channel
encoding component 152. The channel decoding component
151 is connected to the decoding component 120, the
decoding component 120 is connected to the encoding
component 110, and the encoding component 110 is con-
nected to the channel encoding component 152.

[0166] After receiving a transmission signal sent by
another device, the channel decoding component 151
decodes the transmission signal to obtain a first stereo
encoded bitstream. The decoding component 120 decodes
the stereo encoded bitstream to obtain a stereo signal. The
encoding component 110 encodes the stereo signal to obtain
a second stereo encoded bitstream. The channel encoding
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component 152 encodes the second stereo encoded bitstream
to obtain a transmission signal.

[0167] The another device may be a mobile terminal
having an audio signal processing capability, or may be
another network element having an audio signal processing
capability. This is not limited in this embodiment.

[0168] In an embodiment, the encoding component 110
and the decoding component 120 in the network element
may transcode a stereo encoded bitstream sent by the mobile
terminal.

[0169] Optionally, in an embodiment of this application, a
device equipped with the encoding component 110 may be
referred to as an audio encoding device. In actual imple-
mentation, the audio encoding device may also have an
audio decoding function. This is not limited in this embodi-
ment of this application.

[0170] Optionally, an embodiment of this application is
described by using only an example of a stereo signal. In this
application, the audio encoding device may alternatively
process a multichannel signal, and the multichannel signal
includes at least two channels of signals.

[0171] This application provides a method for calculating
a downmixed signal and a residual signal in a stereo signal
encoding process. In the method, when a current frame or a
previous frame of the current frame is a switching frame, a
downmixed signal and a residual signal of a subband that
meets a preset bandwidth range in the current frame are
calculated, and the downmixed signal and the residual signal
are encoded, to enable transition between a previous frame
of the switching frame and the switching frame of a stereo
signal that is decoded and played back by a decoder side to
be smoother, thereby improving auditory quality of the
encoded and decoded stereo signal.

[0172] The method for calculating a downmixed signal
and a residual signal provided in this application may be
applied to S230 or S340.

[0173] FIG. 6 is a schematic flowchart of a method for
calculating a downmixed signal and a residual signal accord-
ing to an embodiment of this application. The method may
be performed by an encoder or performed by a device having
a stereo signal encoding function.

[0174] S610. Obtain an initial downmixed signal and an
initial residual signal of a subband corresponding to a preset
frequency band in a current frame of an audio signal, where
the audio signal is a stereo signal.

[0175] Subbands corresponding to the preset frequency
band may be all subbands in the preset frequency band, or
may be some subbands in the preset frequency band.
[0176] For this operation, refer to the prior art. Details are
not described herein.

[0177] S620. Determine whether a first target frame of the
audio signal is a switching frame, where the first target frame
is the current frame or a previous frame of the current frame.
[0178] Whether the first target frame is a switching frame
may be determined in a plurality of manners. The following
provides some possible implementations of determining
whether the first target frame is a switching frame.

[0179] In an embodiment, whether the first target frame is
a switching frame may be determined based on a residual
coding switching flag value of the first target frame. For
example, when the residual coding switching flag value of
the first target frame indicates that the first target frame is a
switching frame, the first target frame is a switching frame.

Jul. 25, 2024

[0180] Whether the residual coding switching flag value of
the first target frame indicates “the first target frame is a
switching frame” or “the first target frame is not a switching
frame” may be determined in a plurality of manners.
[0181] For example, when a residual coding flag value of
the first target frame is unequal to a residual coding flag
value of a previous frame of the first target frame, the
residual coding switching flag value of the first target frame
indicates that the first target frame is a switching frame.
When a residual coding flag value of the first target frame is
equal to a residual coding flag value of a previous frame of
the first target frame, the residual coding switching flag
value of the first target frame indicates that the first target
frame is not a switching frame.

[0182] For ease of description, the residual coding flag
value of the first target frame may be referred to as a first
residual coding flag value, and the residual coding flag value
of the previous frame of the first target frame may be
referred to as a second residual coding flag value. The first
residual coding flag value is used to indicate whether a
residual signal of the first target frame needs to be encoded,
and the second residual coding flag value is used to indicate
whether a residual signal of the previous frame of the first
target frame needs to be encoded.

[0183] For another example, when the first residual coding
flag value is unequal to the second residual coding flag
value, and a modification flag value of a second residual
coding flag indicates that the second residual coding flag
value has not been modified, the residual coding switching
flag value of the first target frame indicates that the first
target frame is a switching frame. When the first residual
coding flag value is unequal to the second residual coding
flag value, and a modification flag value of a second residual
coding flag indicates that the second residual coding flag
value has been modified, or when the first residual coding
flag value is equal to the second residual coding flag value,
the residual coding switching flag value of the first target
frame indicates that the first target frame is not a switching
frame.

[0184] After the residual coding switching flag value of
the first target frame is determined, a modification flag value
of the first residual coding flag may be further updated, so
as to facilitate processing for a subsequent frame. The
modification flag value of the first residual coding flag of the
first target frame has not been modified by default.

[0185] For example, when the first residual coding flag
value is unequal to the second residual coding flag value, a
modification flag value of a second residual coding flag
indicates that the second residual coding flag has been
modified, and the first residual coding flag indicates that the
residual signal of the first target frame does not need to be
encoded, the first residual coding flag value is modified, to
indicate that the residual signal of the first target frame needs
to be encoded, and the modification flag value of the first
residual coding flag is set, to indicate that the first residual
coding flag value has been modified. When the first residual
coding flag value is unequal to the second residual coding
flag value, and a modification flag value of a second residual
coding flag indicates that the second residual coding flag
value has been modified, or when the first residual coding
flag value is equal to the second residual coding flag value,
the modification flag value of the first residual coding flag
value is set, to indicate that the first residual coding flag
value has not been modified.
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[0186] The residual coding flag value of the first target
frame may be determined by using a calculated parameter
that is of the first target frame and that represents an energy
relationship between the downmixed signal and the residual
signal.

[0187] For example, if the calculated parameter that is of
the first target frame and that represents the energy relation-
ship between the downmixed signal and the residual signal
is greater than or equal to a preset threshold, the residual
coding flag value of the first target frame may be set, to
indicate that the residual signal of the first target frame needs
to be encoded; otherwise, the residual coding flag value of
the first target frame may be set, to indicate that the residual
signal of the first target frame does not need to be encoded.
[0188] Alternatively, the residual coding flag value of the
first target frame may be determined based on the parameter
that represents the energy relationship between the down-
mixed signal and the residual signal and/or based on another
parameter

[0189] For example, in addition to the calculated param-
eter that is of the first target frame and that represents the
energy relationship between the downmixed signal and the
residual signal, the residual coding flag value of the first
target frame may be alternatively determined based on one
or more of parameters such as a voice/music classification
result, a voice activation detection result, residual signal
energy, and a correlation between a left channel frequency-
domain signal and a right channel frequency-domain signal.
[0190] For another example, first the first residual coding
switching flag value may be set, to indicate that the first
target frame is not a switching frame. Then, if the first
residual coding flag value is unequal to the second residual
coding flag value, and the residual coding switching flag
value of the previous frame of the first target frame indicates
that the previous frame of the first target frame is not a
switching frame, the first residual coding switching flag
value is modified, to indicate that the first target frame is a
switching frame. Next, if the first residual coding flag value
is unequal to the second residual coding flag value, the
residual coding switching flag value of the previous frame of
the first target frame indicates that the previous frame of the
first target frame is not a switching frame, and the first
residual coding flag value indicates that the residual signal
of'the first target frame does not need to be encoded, the first
residual coding flag value is modified, to indicate that the
residual signal of the first target frame needs to be encoded.
Finally, the residual coding switching flag value of the
previous frame of the first target frame is updated based on
the residual coding switching flag value of the first target
frame.

[0191] The residual coding flag value of the previous
frame of the first target frame may be obtained in a similar
manner. Details are not described herein.

[0192] In an embodiment, whether the first target frame is
a switching frame may be directly determined based on the
residual coding flag value of the first target frame and the
residual coding flag value of the previous frame of the first
target frame.

[0193] For example, when the residual coding flag value
of'the first target frame is unequal to the residual coding flag
value of the previous frame of the first target frame, it is
determined that the first target frame is a switching frame.
[0194] S630. If the first target frame is a switching frame,
calculate, based on a switch fade-in/fade-out factor of a
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second target frame, and the initial downmixed signal and
the initial residual signal of the subband corresponding to
the preset frequency band, a to-be-encoded downmixed
signal and a to-be-encoded residual signal of the subband
corresponding to the preset frequency band in the current
frame, where the second target frame is the current frame or
the previous frame of the first target frame, and the switch
fade-in/fade-out factor of the second target frame is deter-
mined based on a residual signal coding parameter of the
second target frame and at least one of an inter-frame energy
fluctuation parameter or an inter-frame amplitude fluctuation
parameter of the second target frame; and the residual signal
coding parameter of the second target frame is used to
represent an energy relationship between a downmixed
signal and a residual signal of the second target frame, and
the inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter of the second target
frame is used to represent an energy or amplitude relation-
ship between a signal of the second target frame and signals
of M frames previous to the second target frame, where M
is a positive integer.

[0195] The residual signal coding parameter of the second
target frame may be specifically used to represent an energy
ratio of the downmixed signal of the second target frame to
the residual signal of the second target frame;

[0196] the residual signal coding parameter of the sec-
ond target frame may be specifically used to represent
an energy difference between the downmixed signal of
the second target frame and the residual signal of the
second target frame; or

[0197] the residual signal coding parameter of the sec-
ond target frame may be specifically used to represent
a logarithmic energy difference between the down-
mixed signal of the second target frame and the residual
signal of the second target frame.

[0198] An inter-frame energy or amplitude fluctuation
parameter of the second target frame may be one of the
inter-frame energy fluctuation parameter of the second target
frame or the inter-frame amplitude fluctuation parameter of
the second target frame.

[0199] The inter-frame energy fluctuation parameter of the
second target frame may be used to represent a ratio of total
energy of the downmixed signal of the second target frame
and the residual signal of the second target frame to total
energy of a downmixed signal of a previous frame of the
second target frame and a residual signal of the previous
frame of the second target frame, or the inter-frame energy
fluctuation parameter of the second target frame may be used
to represent a difference between total energy of the down-
mixed signal of the second target frame and the residual
signal of the second target frame and total energy of a
downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame.

[0200] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame may be used to
represent a difference between a logarithm of total energy of
the downmixed signal of the second target frame and the
residual signal of the second target frame and a logarithm of
total energy of a downmixed signal of a previous frame of
the second target frame and a residual signal of the previous
frame of the second target frame.

[0201] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame may be used to
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represent a ratio of energy of the downmixed signal of the
second target frame to energy of a downmixed signal of a
previous frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame may
be used to represent a difference between energy of the
downmixed signal of the second target frame and energy of
a downmixed signal of a previous frame of the second target
frame.

[0202] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame may be used to
represent a difference between a logarithm of energy of the
downmixed signal of the second target frame and a loga-
rithm of energy of a downmixed signal of a previous frame
of the second target frame.

[0203] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame may be used to
represent a ratio of energy of the residual signal of the
second target frame to energy of a residual signal of a
previous frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame may
be used to represent a difference between energy of the
residual signal of the second target frame and energy of a
residual signal of a previous frame of the second target
frame.

[0204] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame is used to represent
a difference between a logarithm of energy of the residual
signal of the second target frame and a logarithm of energy
of a residual signal of a previous frame of the second target
frame.

[0205] The inter-frame amplitude fluctuation parameter of
the second target frame may be used to represent a ratio of
a sum of an amplitude sum of the downmixed signal of the
second target frame and an amplitude sum of the residual
signal of the second target frame to a sum of an amplitude
sum of the downmixed signal of the previous frame of the
second target frame and an amplitude sum of the residual
signal of the previous frame of the second target frame, or
the inter-frame amplitude fluctuation parameter of the sec-
ond target frame may be used to represent a difference
between a sum of an amplitude sum of the downmixed
signal of the second target frame and an amplitude sum of
the residual signal of the second target frame and a sum of
an amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum of
the residual signal of the previous frame of the second target
frame.

[0206] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame may be used to
represent a difference between a logarithm of a sum of an
amplitude sum of the downmixed signal of the second target
frame and an amplitude sum of the residual signal of the
second target frame and a logarithm of a sum of an ampli-
tude sum of the downmixed signal of the previous frame of
the second target frame and an amplitude sum of the residual
signal of the previous frame of the second target frame.
[0207] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame may be used to
represent a ratio of an amplitude sum of the downmixed
signal of the second target frame to an amplitude sum of the
downmixed signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation parameter of
the second target frame may be used to represent a difference
between an amplitude sum of the downmixed signal of the
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second target frame and an amplitude sum of the downmixed
signal of the previous frame of the second target frame.
[0208] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame may be used to
represent a difference between a logarithm of an amplitude
sum of the downmixed signal of the second target frame and
a logarithm of an amplitude sum of the downmixed signal of
the previous frame of the second target frame.
[0209] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame may be used to
represent a ratio of an amplitude sum of the residual signal
of the second target frame to an amplitude sum of the
residual signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation parameter of
the second target frame may be used to represent a difference
between an amplitude sum of the residual signal of the
second target frame and an amplitude sum of the residual
signal of the previous frame of the second target frame.
[0210] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame may be used to
represent a difference between a logarithm of an amplitude
sum of the residual signal of the second target frame and a
logarithm of an amplitude sum of the residual signal of the
previous frame of the second target frame.
[0211] In a method in an embodiment of this application,
the switch fade-in/fade-out factor of the second target frame
may be determined in a plurality of manners based on the
residual signal coding parameter of the second target frame
and at least one of the inter-frame energy fluctuation param-
eter or the inter-frame amplitude fluctuation parameter of the
second target frame.
[0212] For example, the switch fade-in/fade-out factor of
the second target frame may be determined based on the
residual signal coding parameter of the second target frame
and the inter-frame energy fluctuation parameter of the
second target frame. Alternatively, the switch fade-in/fade-
out factor of the second target frame may be determined
based on the residual signal coding parameter of the second
target frame and the inter-frame amplitude fluctuation
parameter of the second target frame. Alternatively, the
switch fade-in/fade-out factor of the second target frame
may be determined based on the residual signal coding
parameter of the second target frame, the inter-frame energy
fluctuation parameter of the second target frame, and the
inter-frame amplitude fluctuation parameter of the second
target frame.
[0213] In an embodiment, the switch fade-in/fade-out fac-
tor of the second target frame meets the following formula:
[0214] when frame_nrg_ratio>NRG_TH1 and res_
dmx_ratio<RATIO_THI, switch_fade_
factor=FACTOR_1;
[0215] when frame_nrg_ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH2, switch_fade_
factor=FACTOR_2; or

[0216] in another case, switch_fade_factor=FACTOR_
3, where
[0217] frame_nrg ratio represents the inter-frame

energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
res_dmx_ratio represents the residual signal coding
parameter of the second target frame; NRG_TH1 rep-
resents a preset first threshold of the inter-frame energy
fluctuation parameter or the inter-frame amplitude fluc-
tuation parameter; NRG_TH2 represents a preset sec-
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ond threshold of the inter-frame energy fluctuation
parameter or the inter-frame amplitude fluctuation
parameter; RATIO_THI represents a preset first thresh-
old of the residual signal coding parameter; RATIO_
TH2 represents a preset second threshold of the
residual signal coding parameter; switch_fade_factor
represents the switch fade-in/fade-out factor of the
second target frame; FACTOR_1 FACTOR_2, and
FACTOR_3 represent preset values; and NRG_
THI>NRG_TH2, RATIO_THI<RATIO_TH2, and
FACTOR_1>FACTOR_3>FACTOR_2.

[0218] In other words, the switch fade-in/fade-out factor

of the second target frame may be determined according to

the foregoing formula.

[0219] In an embodiment, the switch fade-in/fade-out fac-

tor of the second target frame meets the following formula:

[0220] when frame_nrg_ratio>NRG_TH1 and res_

dmx_ratioKRATIO_TH]1,

switch_fade_factor =

1
( - —) % (1 —rem_dmx_ratio) *x FADE_FACTOR_1;
frame_nrg_ratio

[0221] when frame_nrg_ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade factor=(1—
frame_nrg_ratio)*rem_dmx_ratio*FADE_FACTOR _
2; or

[0222] in another case, switch_fade_factor=FADE_
FACTOR_3; where

[0223] frame nrg ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI1 represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor of
the second target frame; FADE_FACTOR_1, FADE_
FACTOR_2, and FADE_FACTOR_3 represent preset
values; and NRG_THI>NRG_TH2, RATIO_
THI1<RATIO_TH2, and FADE_FACTOR_1>FADE_
FACTOR_3>FADE_FACTOR_2.

[0224] In other words, the switch fade-in/fade-out factor
of the second target frame may be determined according to
the foregoing formula.

[0225] In an embodiment, an example value of FADE_
FACTOR_3 is 0.5.

[0226] For another example, a value of FADE_FAC-
TOR_1 may be 0.65, 0.7, 0.75, or 0.8; a value of FADE_
FACTOR_2 may be 0.15, 0.20, 0.25, 0.30, or 0.35; and a
value of FADE_FACTOR_3 may be 0.45 or 0.55.

[0227] In an embodiment, a value of NRG_THI may be
3.2, 2.7, 3.0, 3.1, 3.3, 3.4, 3.7, or the like; a value of
NRG_TH2 may be 0.21, 0.16, 0.19, 0.20, 0.22, 0.23, 0.26,
or the like; a value of RATIO_TH1 may be 0.10, 0.05, 0.08,
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0.09, 0.11, 0.12, 0.15, or the like; and a value of RATIO
TH2 may be 0.40, 0.30, 0.35, 0.45, 0.50, or the like.

[0228] In an embodiment of this application, when the
residual signal coding parameter of the second target frame
is used to represent the energy ratio of the downmixed signal
of the second target frame to the residual signal of the second
target frame, the residual signal coding parameter of the
second target frame may be determined based on energy of
an initial downmixed signal of the second target frame,
energy of an initial residual signal of the second target
frame, and a subband side gain of the second target frame.
[0229] For example, the second target frame may be
divided into P subframes, and a frequency-domain signal of
each subframe is divided into M subbands. Then, an energy
ratio of an initial downmixed signal to an initial residual
signal of each of the P subframes may be calculated by using
downmixed signals, residual signals, and subband side gains
of first res_flag_band_max subbands in each subframe, and
the energy ratio may be used as the residual signal coding
parameter of the second target frame.

[0230] For example, using an example in which a band-
width or a bitrate is 26 kbps, the second target frame is
divided into 2 (P=2) subframes, each subframe is divided
into 10 (M=10) subbands, and a subband index starts from
0. An energy ratio of an initial downmixed signal to an initial
residual signal of each of the two subframes is calculated
based on downmixed signals, residual signals, and subband
side gains of first five (res_flag_band_max=5) subbands in
each subframe, so as to obtain res_dmx_ratio. An example
calculation process is as follows:

g(b) = flx(side_gainl[b], side_gain2[b]),

where

[0231] side_gainl[b] represents a side gain of a subband
b in the first subframe; side_gain2[b] represents a side
gain of a subband b in the second subframe; fl1x(*)
represents a function relation expression, indicating
that side_gain1[b] and side_gain2[b] are used as input
parameters to obtain g(b) by using any direct propor-
tional relationship; and b is an integer less than 5.
[0232] An example calculation manner for g(b) is as
follows:

g(b) = 0.5 xside_gainl[b] + 0.5 x side_gain2[5].

[0233] An energy ratio tmp[b] of the initial downmixed
signal to the initial residual signal of the subband b is as
follows:

tmp[b] = f2x(g(b), res_cod_NRG_M[b], res_cod_NRG_S[b]),

where
[0234] res_cod_NRG_M]Jb] represents energy of the
downmixed signal of the subband b; res_cod_NRG_S
[b] represents energy of the residual signal of the
subband b; f2x(*) represents a function expression,
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indicating that res_cod_NRG_M][b], g(b), and res_cod_
NRG_S[b] are used as input parameters to obtain
trap[b].
[0235] An example calculation manner for tmp[b] is as
follows

tmp[b] =

res_cod_NRG_M[b]
res_cod_NRG_M[b] + (1 — g(b)) x (1 — g(h)) xres_cod_NRG_S[b]"

[0236] A residual signal coding parameter res_dmx_ratio
of each subframe meets the following formula:

res_dmx_ratio =

MAX(tem[0], temp[1], ... , tmp[res_{flag_band_max — 1]),

where
[0237] MAX(*) represents taking a maximum value.

[0238] In an embodiment of this application, when the
inter-frame energy fluctuation parameter of the second target
frame is used to represent the ratio of the total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame to the total energy
of the downmixed signal of the previous frame of the second
target frame and the residual signal of the previous frame of
the second target frame, the inter-frame energy fluctuation
parameter of the second target frame may be calculated
according to the following formula:

. dmx_res_all
frame_nrg_ratio = ————————,
dmx_res_all_prev

where
[0239] frame nrg ratio represents the inter-frame

energy fluctuation parameter of the second target
frame, dmx_res_all represents the total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame, and dmx_
res_all_prev represents the total energy of the down-
mixed signal and the residual signal of the previous
frame of the second target frame.

[0240] In an embodiment, frame_nrg_ratio may be calcu-

lated according to the following formula:

. dmx_res_all
frame_nrg_ratio = MIN(S.O, MAX(O.Z )),

” dmx_res_all_prev

where

[0241] MIN(*) represents taking a minimum value.
[0242] In an embodiment of this application, an example
calculation process for the total energy dmx_res_all of the
downmixed signal and the residual signal of the second
target frame is as follows.
[0243] Total energy dmx_nrg_all curr of downmixed sig-
nals of first five (res_flag_band_max=5) subbands in the
second target frame is as follows:

Jul. 25, 2024

dmx_nrg_all_curr =

b=4
Z(yl xtes_cod_NRG_MIb] + (1 —y;) xres_cod_NRG_M_prev[d]),
b=0
where
[0244] res_cod_NRG_M_prev[b]) represents energy of

a downmixed signal of a subband b in the previous

frame of the second target frame, and 7, represents a

smooth factor, where y; may be generally 0, 1, or a real

number between 0 and 1. For example, v, may be 0.1.
[0245] Total energy res_nrg_all_curr of residual signals of
the first five subbands in the second target frame is as
follows:

res_nrg_all_curr =

b=4
Z(yz xtes_cod_NRG_S[b] + (1 — y2) xres_cod_NRG_S_prev[b]),
b=0
where
[0246] res_cod_NRG_S_prev[b]) represents energy of

a residual signal of the subband b in the previous frame
of the second target frame, and 7, represents a smooth
factor, where v, may be generally 0, 1, or a real number
between O and 1. For example, Y, may be 0.1.
[0247] Total energy dmx_res_all of the downmixed sig-
nals and the residual signals of the first five subbands of the
second target frame is as follows:

dmx_res_all = res_nrg_all_curr + dmx_nrg_all_curr,

where
[0248] dmx_res_all may be used as the total energy of

the downmixed signal and the residual signal of the

second target frame.
[0249] It should be understood that the five subbands in
the foregoing example are merely an example, and a process
of calculating total energy of downmixed signals and
residual signals of another quantity of subbands is similar.
[0250] For a manner of calculating the total energy of the
downmixed signal and the residual signal of the previous
frame of the second target frame, refer to the manner of
calculating the total energy of the downmixed signal and the
residual signal of the second target frame. Details are not
described herein again.
[0251] In an embodiment of this application, a possible
calculation manner of calculating, based on the switch
fade-in/fade-out factor of the second target frame, the to-be-
encoded downmixed signal and the to-be-encoded residual
signal of the subband corresponding to the preset frequency
band in the current frame is as follows:
[0252] The to-be-encoded downmixed signal is calculated
according to formula
DMX, ,(k)=DMX, ,(k)+(1—switch_fade_factor)*DMX_co-
mp;, ,(k), and the to-be-encoded residual signal is calculated
according to formula
RES; ,(k)=switch_fade_factor*RES, ,'(k); where

[0253] DMX, (k) represents a to-be-encoded down-
mixed signal of a subband b in a subframe i in the
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current frame; DMX, ,(k) represents an initial down-
mixed signal of the subband b in the subframe i in the
current frame; switch_fade_factor represents the switch
fade-in/fade-out factor; DMX_comp, ,(k) represents a
compensated downmixed signal of the subband b in the
subframe i in the current frame; RES, ,'(k) represents
an initial residual signal of the subband b in the
subframe i in the current frame; RES; ,(k) represents a
to-be-encoded residual signal of the subband b in the
subframe i in the current frame; the subband b in the
subframe i in the current frame is a subband in the at
least one subband corresponding to the preset fre-
quency band; k represents a frequency bin index of the
subband b in the subframe i in the current frame; and
O=i<P-1, where P represents a quantity of subframes
included in the current frame.
[0254] When the to-be-encoded downmixed signal and the
to-be-encoded residual signal of the subband corresponding
to the preset frequency band in the current frame are
calculated based on the switch fade-in/fade-out factor of the
second target frame, the subband b in the preset frequency
band may meet that b is greater than or equal to Thl and b
is less than or equal to Th2. Thl represents an index value
of a subband with a smallest index value in the subband
corresponding to the preset frequency band. Th2 represents
an index value of a subband with a largest index value in the
subband corresponding to the preset frequency band.
0<Th1<Th2=<M-1, where M represents a quantity of sub-
bands corresponding to the preset frequency band, and M=2.

Optionally, Thl<b<Th2, Thl<b=Th2, Thl=<b<Th2, or
Th1<b<Th2.
[0255] In other words, when the to-be-encoded mixed

signal and the to-be-encoded residual signal of the subband
corresponding to the preset frequency band in the current
frame are calculated, all or some subbands corresponding to
the preset frequency band may be used.

[0256] For example, Thl=<b<Th2 indicates that all the
subbands corresponding to the preset frequency band are
used to calculate the to-be-encoded downmixed signal and
the to-be-encoded residual signal.

[0257] For example, Th1<b<Th2 indicates that some sub-
bands corresponding to the preset frequency band are used
to calculate the to-be-encoded downmixed signal and the
to-be-encoded residual signal.

[0258] A range of the subband corresponding to the preset
frequency band may be consistent or inconsistent with a
range of a subband that corresponds to a frequency band and
that is used when the residual signal coding parameter of the
second target frame is calculated or when the inter-frame
energy fluctuation parameter or the inter-frame amplitude
fluctuation parameter of the second target frame is calcu-
lated.

[0259] For example, in this embodiment of this applica-
tion, the range of the subband that corresponds to the
frequency band and that is used when the residual signal
coding parameter of the second target frame is calculated or
when the inter-frame energy fluctuation parameter or the
inter-frame amplitude fluctuation parameter of the second
target frame is calculated includes first res_flag_band_max
subbands, and the range of the subband corresponding to the
preset frequency band also includes the first res_flag_band_
max subbands.

[0260] For another example, the range of the subband that
corresponds to the frequency band and that is used when the
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residual signal coding parameter of the second target frame
is calculated or when the inter-frame energy fluctuation
parameter or the inter-frame amplitude fluctuation parameter
of the second target frame is calculated includes first res_
flag_band_max subbands, but the range of the subband
corresponding to the preset frequency band is O<b<res_flag
band_max.

[0261] In an embodiment, switch_fade_factor in
DMX, ,(k)=DMX, , (k)+(1-switch_fade_factor)*DMX_co-
mp, (k) and RES, ,(k)=switch_fade_factor*RES', ,(k) may
be preset to 0.5.

[0262] If the first target frame is not a switching frame, in
some possible implementations, the initial downmixed sig-
nal and the initial residual signal of the subband correspond-
ing to the preset frequency band in the current frame may be
calculated by using a prior-art method, and the initial
downmixed signal and the initial residual signal are respec-
tively used as the to-be-encoded downmixed signal and the
to-be-encoded residual signal of the subband corresponding
to the preset frequency band in the current frame.

[0263] The method for calculating a downmixed signal
and a residual signal shown in FIG. 6 may be applied to a
stereo encoding process. The following describes, with
reference to F1G. 7A and FIG. 7B to FIG. 11A and FIG. 11B,
example embodiments of the method for calculating a
downmixed signal and a residual signal shown in FIG. 6 in
the stereo encoding process.

[0264] FIG. 7A and FIG. 7B are a schematic flowchart of
a stereo signal encoding method according to an embodi-
ment of this application by using the following example.
Both a first target frame and a second target frame are
current frames; a residual signal encoding parameter of the
second target frame is used to represent an energy ratio of a
downmixed signal of the second target frame to a residual
signal of the second target frame; and an inter-frame energy
fluctuation parameter of the second target frame is used to
represent a ratio of total energy of the downmixed signal of
the second target frame and the residual signal of the second
target frame to total energy of a downmixed signal of a
previous frame of the second target frame and a residual
signal of the previous frame of the second target frame. The
method may be performed by an encoder or performed by a
device having a stereo signal encoding function. The method
may include S701 to S719.

[0265] S701. Perform time-domain preprocessing on a left
channel time-domain signal and a right channel time-domain
signal.

[0266] A sterco signal is generally encoded by frame. If a
sampling rate of a stereo audio signal is 16 kHz (KHz), each
frame of signal is 20 milliseconds (ms), and a frame length
is denoted as N, N=320, that is, the frame length includes
320 sampling points.

[0267] A stereo signal of the current frame includes a left
channel time-domain signal of the current frame and a right
channel time-domain signal of the current frame. The left
channel time-domain signal of the current frame is denoted
as x;(n), and the right channel time-domain signal of the
current frame is denoted as Xp(n) where n represents a
sampling point number, and n=0, 1, . . ., N-1.

[0268] Performing time-domain preprocessing on the left
channel time-domain signal and the right channel time-
domain signal of the current frame may include: performing
high-pass filtering processing on both the left channel time-
domain signal and the right channel time-domain signal of
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the current frame to obtain a preprocessed left channel
time-domain signal of the current frame and a preprocessed
right channel time-domain signal of the current frame. The
preprocessed left channel time-domain signal of the current
frame is denoted as X, ,p(n), and the preprocessed right
channel time-domain signal of the current frame is denoted
as X yp(n), where n represents a sampling point number,
and n=0, 1, ..., N-1. An infinite impulse response (Infinite
Impulse Response, [IR) filter with a cut-off frequency of 20
Hz (Hz) may be used or a filter of another type may be used
for high-pass filtering processing.

[0269] For example, when a sampling rate of the stereo
signal is 16 KHz, a corresponding transfer function of the
high-pass filter with a cut-off frequency of 20 Hz may be as
follows:

bo+ b1z 4 byz?

o gz(2) = 7>

1+amz " +apz”

where
[0270] by=0.994461788958195, b,=1.
988923577916390, b,=0.994461788958195, a,=1.

988892905899653, a,=—0.988954249933127, and z
represents a Z transform factor. Correspondingly, the
preprocessed left channel time-domain signal is as
follows:

Xr gp(n) =boxxp(n) + by xxp(n—1)+

byxxp(n—2)—ayxxp gp(n—1)—ayxxp_gp(n—2).

[0271] S702. Perform time-domain analysis on the pre-
processed left channel signal and the preprocessed right
channel signal.

[0272] For example, the time-domain analysis may
include transient detection. The transient detection means
that energy detection may be performed on both the prepro-
cessed left channel time-domain signal of the current frame
and the preprocessed right channel time-domain signal of
the current frame, to detect whether an energy burst occurs
in the current frame.

[0273] Forexample, energy E_,,, , of the preprocessed left
channel time-domain signal of the current frame is calcu-
lated. Transient detection is performed based on an absolute
value of a difference between energy E,, , of a prepro-
cessed left channel time-domain signal of a previous frame
and the energy E_,, , of the preprocessed left channel
time-domain signal of the current frame, to obtain a transient
detection result of the preprocessed left channel time-do-
main signal of the current frame. Transient detection may be
performed on the preprocessed right channel time-domain
signal of the cwrrent frame by using the same method.
[0274] The time-domain analysis may include other time-
domain analysis in the prior art in addition to the transient
detection. For example, the time-domain analysis may
include time-domain inter-channel time difference (Inter-
channel Time Difference, [TD) parameter determining,
time-domain delay alignment processing, and band spread-
ing preprocessing.

[0275] S703. Perform time-frequency transform on the
preprocessed left channel signal and the preprocessed right
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channel signal, to obtain a left channel frequency-domain
signal and a right channel frequency-domain signal.
[0276] For example, discrete Fourier transform may be
performed on the preprocessed left channel signal to obtain
the left channel frequency-domain signal, and discrete Fou-
rier transform may be performed on the preprocessed right
channel signal to obtain the right channel frequency-domain
signal.

[0277] To overcome a problem of spectral aliasing, an
overlap-add method may be used for processing between
two consecutive times of discrete Fourier transform, and
sometimes, zero may be added to an input signal of discrete
Fourier transform.

[0278] Discrete Fourier transform may be performed once
for each frame. Alternatively, each frame of signal may be
divided into P subframes, and discrete Fourier transform is
performed once for each subframe.

[0279] If discrete Fourier transform is performed once for
each frame, a transformed left channel frequency-domain
signal may be denoted as L(k), where k=0, 1, ..., a/2—1; and
a transformed right channel frequency-domain signal may
be denoted as R(k), where k=0, 1, . . ., a/2—1, k represents
a frequency bin index value, and a represents a length of
each frame for which discrete Fourier transform is per-
formed once.

[0280] If discrete Fourier transform is performed once for
each subframe, a transformed left channel frequency-do-
main signal of a subframe i may be denoted as L,(k), where
k=0, 1, . . ., L/2-1; and a transformed right channel
frequency-domain signal of the subframe i may be denoted
as R(k), where k=0, 1, . .. , L/2-1, k represents a frequency
bin index value, represents a subframe index value, i=0, 1,
..., P—1, and L represents a length of each subframe for
which discrete Fourier transform is performed once.
[0281] For example, a sampling rate is 16000 Hz, and a
coding bandwidth is 8000 Hz. Each frame of left channel
signal or each frame of right channel signal is 20 ms, and a
frame length is denoted as N, N=320, that is, the frame
length includes 320 sampling points. Each frame of signal is
divided into two subframes, that is, P=2. Each subframe of
signal is 10 ms, and a subframe length includes 160 sam-
pling points.

[0282] Discrete Fourier transform is performed once for
each subframe, and a length of each subframe for which
discrete Fourier transform is performed is denoted as a,
where a=400, that is, the length of each subframe for which
discrete Fourier transform is performed includes 400 sam-
pling points. In this case, the transformed left channel
frequency-domain signal of the subframe i may be denoted
as L(k), where k=0, 1, . . ., L/2—1; and the transformed right
channel frequency-domain signal of the subframe i may be
denoted as R,(k), where k=—0, 1, . . ., L/2—1, k represents
the frequency bin index value, i represents the subframe
index value, i=0, 1, . . ., P—1, and L represents the length of
each subframe for which discrete Fourier transform is per-
formed once.

[0283] In an embodiment, time-frequency transform tech-
nologies such as fast Fourier transform (FFT) and modified
discrete cosine transform (MDCT) may be alternatively used
to transform a time-domain signal into a frequency-domain
signal. This is not specifically limited in this embodiment of
this application.

[0284] S704. Determine an ITD parameter, and encode the
ITD parameter.
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[0285] There are a plurality of methods for determining
the ITD parameter. The ITD parameter may be determined
only in frequency domain, may be determined only in time
domain, or may be determined in time-frequency domain.
This is not limited in this application.

[0286] If the ITD is determined in time domain, an ITD
between the left channel time-domain signal and the right
channel time-domain signal may be determined.

[0287] For example, in a range of 0<i<T

max?

N-1-i
euld = Y xr_mp(j)-xr_mp(i+ ) and
7=0
N-1-i

= Y xi_ap()-xp_ap(+1)

=0
are calculated. If

max (c (D)) > max (c,(),
ax 0=i=Tmax

O=i=Tm:

an [TD parameter value is an opposite number of an index
value corresponding to MAX(Cn(i)); otherwise, an ITD
parameter value is an index value corresponding to MAX
(Cp(1)), where i represents an index value for calculating a
cross-correlation coefficient, j represents an index value of a
sampling point, T, corresponds to a maximum value of
ITD values at different sampling rates, and N represents a
frame length. Different values of MAX(Cp(i)) may corre-
spond to different values, and the values corresponding to
MAX(Cp(i)) are index values corresponding to MAX(Cn

@).

[0288] If the ITD is determined in frequency domain, an
ITD between the left channel frequency-domain signal and
the right channel frequency-domain signal may be deter-
mined.

[0289] For example, in this embodiment of this applica-
tion, a DFT-transformed left channel frequency-domain sig-
nal of the subframe i is denoted as L,(k) where k=0, 1, . ..
, L/2—1; and a transformed right channel frequency-domain
signal of the subframe i is denoted as, where k=0, 1, . . .,
L/2-1and i=0, 1, ..., P-1.

[0290] A frequency-domain correlation coefficient of the
subframe i is calculated according to XCORR (k)=L(k)*R,*
(k), where R*(k) represents a conjugation of the trans-
formed right channel frequency-domain signal of the sub-
frame i. A frequency-domain cross-correlation coefficient is
transformed into time-domain cross-correlation coefficient
xcorr,(n), where n=0, 1, . . ., L-1. A maximum value of
xcorry(n) is searched for in arange of L/2-T,,, <n<L/2+T,, .
to obtain that an ITD parameter value of the subframe i is

L
(xcorri(n)) — —.

T, =arg max
)2~ Ty <n=L{2+ Ty 2
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[0291] For another example, an amplitude value may be
calculated according to

1 72-1

mag(j)= ), 3" Loy R exe

=0 k=0

2axkxj
)

in a search range of -T,,,.<j<T,, .. based on the DFT-
transformed left channel frequency-domain signal in the
subframe i and the DFT-transformed right channel fre-
quency-domain signal in the subframe i, and the ITD param-
eter value is

T=arg  max_ (mag(j),

~Tnax=j=Tm,

to be specific, the ITD parameter value is an index value
corresponding to a maximum amplitude value.

[0292] Certainly, the ITD may be alternatively determined
in time-frequency domain. For brevity, details are not
described herein.

[0293] After the ITD parameter is determined, the ITD
parameter may be encoded and written into a stereo encoded
bitstream. In this embodiment of this application, any exist-
ing quantization encoding technology may be used to
encode the ITD parameter. This is not specifically limited in
this embodiment of this application.

[0294] S705. Perform time-shift adjustment on the left
channel frequency-domain signal and the right channel
frequency-domain signal based on the ITD parameter.
[0295] Time-shift adjustment may be performed on the
left channel frequency-domain signal and the right channel
frequency-domain signal by using any technology. This is
not limited in this embodiment of this application.

[0296] For example, each frame of signal is divided into P
subframes, where P=2. A time-shift-adjusted left channel
frequency-domain signal of a subframe i may be denoted as
L,'(k), where k=0, 1, . . ., L/2-1; and a time-shift-adjusted
right channel frequency-domain signal of the subframe i
may be denoted as R,'(k), where k=0, 1, ..., L/2-1, k
represents a frequency bin index value, i=0, 1, ..., P-1, and

T,
L) = Lk« e 75T

T,
R = Ry« e T,

[0297] T, represents an ITD parameter value of the sub-
frame i, L represents a length of the discrete Fourier trans-
form, L,(k) represents a transformed left channel frequency-
domain signal of the subframe i, R,k) represents a
transformed right channel frequency-domain signal of the
subframe i, and i represents a subframe index value, where
i=0,1,...,P-1.

[0298] If DFT is not performed by frame, time shift
adjustment may be alternatively performed once in the entire
frame.

[0299] S706. Calculate a frequency-domain stereo param-
eter based on a time-shift-adjusted left channel frequency-
domain signal and a time-shift-adjusted right channel fre-
quency-domain signal, and encode the frequency-domain
stereo parameter obtained through calculation.

[0300] The frequency-domain stereo parameter obtained
through calculation may include one or more of an inter-
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channel phase difference (Inter-channel Phase Difference,
IPD) parameter, an inter-channel level difference (Inter-
channel Level Difference, [1.D) parameter, and a subband
side gain. The ILD may also be referred to as an inter-
channel amplitude difference.

[0301] After the frequency-domain stereo parameter is
obtained through calculation, the frequency-domain stereo
parameter may be encoded and written into the stereo
encoded bitstream. In this embodiment of this application,
any existing quantization encoding technology may be used
to encode the frequency-domain stereo parameter. This is
not specifically limited in this embodiment of this applica-
tion.

[0302] S707. Determine whether a frequency-domain sig-
nal of the current frame or each subband index of each of
subframes obtained by dividing the current frame meets a
preset condition. If the frequency-domain signal of the
current frame or each subband index of each of subframes
obtained by dividing the current frame meets the preset
condition, perform S708; or if the frequency-domain signal
of the current frame or each subband index of each of
subframes obtained by dividing the current frame does not
meet the preset condition, perform S709.

[0303] For example, subband division is performed on the
frequency-domain signal of the current frame or the fre-
quency-domain signal of each of the subframes obtained by
dividing the current frame, and a frequency bin included in
a subband b is ke [band_limits(b), band_limits(b+1)—1]
where band_limits(b) represents a minimum index value of
the frequency bin included in the subband b. In this embodi-
ment of this application, the frequency-domain signal of
each subframe is divided into M subbands, and frequency
bin included in each subband may be determined based on
band_limits(b).

[0304] The preset condition may be that a subband index
value is less than a maximum subband index value for
residual coding decision, that is, b<res_cod_band_max,
where res_cod_band_max represents the maximum subband
index value for residual coding decision.

[0305] The preset condition may be that a subband index
value is less than or equal to a maximum subband index
value for residual coding decision, that is, b< res_cod_band_
max.

[0306] The preset condition may be that a subband index
value is less than a maximum subband index value for
residual coding decision and is greater than a minimum
subband index value for residual coding decision, that is,
res_cod_band_min<b<res_cod_band_max where res_band_
max represents the maximum subband index value for
residual coding decision, and res_cod_band_min represents
the minimum subband index value for residual coding
decision.

[0307] The preset condition may be that a subband index
value is less than or equal to a maximum subband index
value for residual coding decision and is greater than or
equal to a minimum subband index value for residual coding
decision, that is, res_cod_band_min<b<res_cod_band_max.
[0308] The preset condition may be that a subband index
value is less than or equal to a maximum subband index
value for residual coding decision and is greater than a
minimum subband index value for residual coding decision,
that is, res_cod_band_min<b<res_cod_band_max.

[0309] The preset condition may be that a subband index
value is less than a maximum subband index value for
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residual coding decision and is greater than or equal to a
minimum subband index value for residual coding decision,
that is, res_cod_band_min<b<res_cod_band_max.

[0310] Different preset conditions may be set for different
coding rates and/or different coding bandwidths. For
example, when a coding bandwidth is wideband, and coding
rate is 26 kbps, the preset condition may be that the subband
index value b<5. When a coding bandwidth is wideband,
and coding rate is 44 kbps, the preset condition may be that
the subband index value b<6 When a coding bandwidth is
wideband, and coding rate is 56 kbps, the preset condition
may be that the subband index value b<7.

[0311] In an embodiment of this application, for example,
the coding bandwidth is the wideband, and coding rate is 26
kbps. Each frame of signal is divided into P subframes,
where P=2; and a frequency-domain signal of each subframe
is divided into M subbands, where M=10. In this case, for
each frame of signal, whether each subband index meets the
preset condition needs to be determined, and the preset
condition is the subband index value b<res_flag_band_max,
where res_flag_band_max=5.

[0312] S708. Calculate an initial downmixed signal and an
initial residual signal based on the time-shift-adjusted left
channel frequency-domain signal and the time-shift-ad-
justed right channel frequency-domain signal.

[0313] For example, if the subband index value b<res_
flag_band_max, and res_flag_band_max=>5, the downmixed
signal and the residual signal are calculated based on the
time-shift-adjusted left channel frequency-domain signal
and the time-shift-adjusted right channel frequency-domain
signal.

[0314] If an initial downmixed signal of the subband b in
the subframe i may be denoted as DMX, ,(k), and an initial
residual signal of the subband b in the subframe i may be
denoted as RES;,'(k), DMX, ,(k) and RES, ,'(k) meet the
following:

L7y + R (k)
2
RES,{)b(k) =RES, ,(k) - g,EDi *« DMX; (k)

DM (k) =

L7, (k) + R, (k)
2
LYyl = LUy xe P
Ry(k) = R, (k) e 7TPPOH

RES; (k) =

B = arctan(sinPD;(b)), cos(IPD;(b)) + 2*¢)

where
[0315] IPD,(b) represents the IPD parameter of the
subband b in the subframe i; g-IL.D; represents the
subband side gain of the subframe 1; L; ,'(k) represents
the time-shift-adjusted left channel frequency-domain
signal of the subband b in the subframe i; R,,'(k)
represents the time-shift-adjusted right channel fre-
quency-domain signal of the subband b in the subframe
i; L, ,"(k) represents a left channel frequency-domain
signal, obtained after a plurality of stereo parameters
are adjusted, of the subband b in the subframe i; R, ,"(k)
represents a right channel frequency-domain signal,
obtained after stereo parameters (such as the IC, the
[L.D, the ITD, and the IPD) are adjusted, of the subband
b in the subframe i; k represents the frequency bin
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index value, where ke [band_limits(b), band_limits(b+
1)-1], band_limits(b) represents a minimum index
value of a frequency bin included in the subband b; and
i represents the subframe index value, where i=0, 1, . .
., -1
[0316] For another example, the initial downmixed signal
of the subband b in the subframe i may be alternatively
calculated by using the following method:

DM (k) = [L], (k) + R}, (6)] x ¢

L7, (07 + R (k)

1
c= ==« 5
2 (L0 + RGOV

where

[0317] L,,"(k) represents a left channel frequency-do-
main signal, obtained after a plurality of stereo param-
eters are adjusted, of the subband b in the subframe i;
R;,"(k) represents a right channel frequency-domain
signal, obtained after the plurality of stereo parameters
are adjusted, of the subband b in the subframe i; k
represents the frequency bin index value, where
ke [band_limits(b), band_limits(b+1)—1], and band_
limits(b) represents the minimum index value of a
frequency bin included in the subband b; and Z repre-
sents the subframe index value, where i=0, 1, ..., P—1.
A method for calculating the initial downmixed signal
and the initial residual signal is not limited in this
embodiment of this application.

[0318] S709. Calculate the initial downmixed signal based
on the time-shift-adjusted left channel frequency-domain
signal and the time-shift-adjusted right channel frequency-
domain signal.

[0319] For example, if the subband index value b>_res_
flag_band_max, and res_flag_band_max=>5, the initial
downmixed signal may be calculated based on the time-
shift-adjusted left channel frequency-domain signal and the
time-shift-adjusted right channel frequency-domain signal.
An initial downmixed signal in a subband that does not meet
the preset condition may be calculated in a same manner of
calculating the initial downmixed signal in the subband that
meets the preset condition, or may be calculated by using
another downmixed signal calculation method.

[0320] S710. Determine a residual coding flag value of the
current frame and a residual coding switching flag value of
the current frame.

[0321] The residual coding flag value of the current frame
and the residual coding switching flag value of the current
frame may be determined by using the method in $S620.
[0322] In an embodiment, when the residual coding
switching flag value of the current frame is determined, the
switch fade-in/fade-out factor of the current frame may be
updated.

[0323] The switch fade-in/fade-out factor of the current
frame may be determined by using the method in S630.
[0324] S711. Determine whether the residual coding
switching flag value of the current frame indicates that the
current frame is a switching frame. If the residual coding
switching flag value of the current frame indicates that the
current frame is a switching frame, perform S712, S713, and
S714; or if the residual coding switching flag value of the
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current frame indicates that the current frame is not a
switching frame, perform S715.

[0325] S712. Calculate a to-be-encoded downmixed sig-
nal and a to-be-encoded residual signal of a subband corre-
sponding to a preset frequency band.

[0326] It should be understood that S712 of calculating the
to-be-encoded residual signal is not a mandatory operation.
Generally, when a determining result in S707 is that the
preset condition is met, the residual signal may be encoded.
[0327] For example, the to-be-encoded downmixed signal
and the to-be-encoded residual signal of the subband corre-
sponding to the preset frequency band are calculated based
on a switch fade-in/fade-out factor of the current frame.
[0328] For example, when a preset low frequency band is
a subband with a subband index greater than 0 and less than
5, if the residual coding switching flag value of the current
frame is greater than 0, when the subband index is greater
than 0 and less than 5, to be specific, when the subband index
is 1, 2, 3, or 4, the to-be-encoded downmixed signal and the
to-be-encoded residual signal of the subband corresponding
to the preset frequency band may be calculated based on the
switch fade-in/fade-out factor of the current frame.

[0329] Forexample, a to-be-encoded downmixed signal of
the subband b in the subframe i in the current frame meets
the following:

DMX; (k) = DMX; (k) + (1 — switch_fade_factor) DMX_comp; , (k),

where
[0330] DMX_comp, (k) represents a compensated
downmixed signal of the subband b in the subframe i;
DMX, ,(k) represents the initial downmixed signal of
the subband b in the subframe i; DMX ,(k) represents
a to-be-encoded downmixed signal of a switching
frame of the subband b in the subframe i; k represents
the frequency bin index value, where ke [band_limits
(b), band_limits(b+1)—1], and band_limits(b) repre-
sents the minimum frequency bin index value of the
subband b; and switch_fade_factor represents the
switch fade-in/fade-out factor of the current frame.
[0331] Forexample, a to-be-encoded residual signal of the
subband b in the subframe i in the current frame-meets the
following:

RES; 5 (k) = switch_fade_factor « RES]; (k),

where
[0332] RES; ,'(k) represents the initial residual signal of
the subband b in the subframe i; RES; ,(k) represents a
to-be-encoded residual signal of the switching frame of
the subband b in the subframe i; k represents the
frequency bin index value, where ke [band_limits(b),
band_limits(b+1)—1], and band_limits(b) represents the
minimum frequency bin index value of the subband b;
and switch_fade_factor represents the switch fade-in/
fade-out factor of the current frame.
[0333] The preset frequency band may be a preset low
frequency band. If a minimum subband index value of the
preset low frequency band is denoted as res_cod_band_min
and a maximum subband index value of the preset low
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frequency band is denoted as res_cod_band_max, a subband
index b of the preset low frequency band may meet res_
cod_band_min<b<res_cod_band_max, or a subband index b
of the preset low frequency band may meet res_cod_band_
minsbsres_cod_band_max, or a subband index b of the
preset low frequency band may meet res_cod_band_
min<bsres_cod_band_max, or a subband index b of the
preset low frequency band may meet res_cod_band_
minsb<res_cod_band_max.

[0334] A range of the preset frequency band may be the
same as a subband range that is set when it is determined
whether each subband index meets the preset condition, or
may be different from a subband range that is set when it is
determined whether each subband index meets the preset
condition. For example, if the range of the subband range
that is set when it is determined whether each subband index
meets the preset condition is that b<S5, the preset low
frequency band may include all subbands with subband
indexes less than 5, or may include all subbands with
subband indexes greater than O and less than 5, or may
include all subbands with subband indexes greater than 1
and less than 7.

[0335] S713. Transform the initial downmixed signal of
the current frame to time domain to obtain a time-domain
downmixed signal, and encode the time-domain downmixed
signal.

[0336] In an embodiment, after the initial downmixed
signal of the current frame is transformed to time domain to
obtain the time-domain downmixed signal, the time-domain
downmixed signal obtained through transform is encoded to
obtain an encoded bitstream of the downmixed signal, and
the encoded bitstream of the downmixed signal is written
into the stereo encoded bitstream.

[0337] If frame division processing is performed on the
current frame of signal, and band division processing is
performed on each subframe obtained through frame divi-
sion, downmixed signals of all subbands of each subframe
need to be combined to constitute a downmixed signal of the
subframe 1, which is denoted as DMX,"(k), where k=0, 1, .
. ., L/2-1 The downmixed signal of the subframe i is
transformed to time domain to obtain the time-domain
downmixed signal through inverse discrete Fourier trans-
form, and an overlap-add method may be used for process-
ing between subframes, to obtain the time-domain down-
mixed signal of the current frame.

[0338] S714. Transform the initial residual signal of the
current frame to time domain to obtain a time-domain
residual signal, and encode the time-domain residual signal.
[0339] It should be understood that S714 is not a manda-
tory operation. Generally, S714 may be performed when the
to-be-encoded residual signal is calculated in S712.

[0340] In an embodiment, after the residual signal of the
current frame is transformed to time domain to obtain the
time-domain residual signal, the time-domain residual signal
obtained through transform is encoded to obtain an encoded
bitstream of the residual signal, and the encoded bitstream of
the residual signal is written into the stereo encoded bit-
stream.

[0341] If frame division processing is performed on the
current frame of signal, and band division processing is
performed on each subframe obtained through frame divi-
sion, residual signals of all subbands of each subframe need
to be combined to constitute a residual signal of the sub-
frame i, which is denoted as RES,"(k), where k=0, 1, . . .,
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L/2-1. The residual signal of the subframe i is transformed
to time domain to obtain the time-domain residual signal
through inverse discrete Fourier transform, and an overlap-
add method may be used for processing between subframes,
to obtain the time-domain residual signal of the current
frame.
[0342] S715. Determine whether the residual coding flag
value of the current frame meets a condition 1. If the residual
coding flag value of the current frame meets the condition 1,
S716 and S717 are performed; or if the residual coding flag
value of the current frame does not meet the condition 1,
S718 and S719 are performed.
[0343] The condition 1 may include: The residual signal
does not need to be encoded. For example, when the residual
coding flag value of the current frame indicates that the
residual signal does not need to be encoded, the condition 1
is met.
[0344] For example, the condition 1 may be a bit value
“0”, indicating that the residual signal does not need to be
encoded. If the residual coding flag value of the current
frame is “07, it indicates that the residual coding flag value
of the current frame meets the condition 1.
[0345] S716. Calculate a modified downmixed signal of
the current frame, and determine the modified downmixed
signal of the current frame in the preset frequency band as
the to-be-encoded downmixed signal of the current frame in
the preset frequency band.
[0346] The calculating a modified downmixed signal of
the current frame may include:
[0347] obtaining the initial downmixed signal of the
current frame;
[0348] obtaining a downmix compensation factor of the
current frame; and
[0349] modifying the initial downmixed signal of the
current frame based on the downmix compensation
factor of the current frame, to obtain the modified
downmixed signal of the current frame.

[0350] For the entire stereo encoding, if the initial down-
mixed signal is not calculated before S716, the initial
downmixed signal needs to be calculated first.

[0351] For example, the initial downmixed signal of the
current frame may be calculated based on the left channel
frequency-domain signal of the current frame and the right
channel frequency-domain signal of the current frame.
Alternatively, an initial downmixed signal of each subband
corresponding to the preset frequency band in the current
frame may be calculated based on a left channel frequency-
domain signal of the subband corresponding to the preset
frequency band in the current frame and a right channel
frequency-domain signal of the subband corresponding to
the preset frequency band in the current frame. Alternatively,
an initial downmixed signal of each subframe in the current
frame may be calculated based on a left channel frequency-
domain signal of the subframe in the current frame and a
right channel frequency-domain signal of the subframe in
the current frame. Alternatively, an initial downmixed signal
of'each subband corresponding to the preset frequency band
in each subframe in the current frame may be calculated
based on a left channel frequency-domain signal of the
subband corresponding to the preset frequency band in the
subframe in the current frame and a right channel frequency-
domain signal of the subband corresponding to the preset
frequency band in the subframe in the current frame.
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[0352] In an embodiment of this application, the initial
downmixed signal DMX, ,(k) of the subband b in the
subframe i in the range of the preset frequency band has
been calculated in S707. Therefore, no calculation is
required herein. Certainly, if the range of the preset fre-
quency band does not belong to the subband range that
meets the preset condition when it is determined whether
each subband index meets the preset condition, an initial
downmixed signal that is within the range of the preset
frequency band but does not belong to the subband range
that meets the preset condition when it is determined
whether each subband index meets the preset condition
needs to be calculated.

[0353] If the downmix compensation factor has not been
calculated before operation S716, the downmix compensa-
tion factor needs to be calculated first.

[0354] When the downmix compensation factor is calcu-
lated, the downmix compensation factor of the current frame
may be calculated based on the left channel frequency-
domain signal of the current frame and the right channel
frequency-domain signal of the current frame. Alternatively,
a downmix compensation factor of each subband in the
current frame may be calculated based on a left channel
frequency-domain signal of the subband in the current frame
and a right channel frequency-domain signal of the subband
in the current frame. Alternatively, a downmix compensation
factor of each subband corresponding to the preset low
frequency band in the current frame may be calculated based
on a left channel frequency-domain signal of the subband
corresponding to the preset low frequency band in the
current frame and a right channel frequency-domain signal
of the subband corresponding to the preset low frequency
band in the current frame.

[0355] If the current frame of signal is divided into several
subframes for processing, a downmix compensation factor
of each subframe in the current frame may be calculated
based on a left channel frequency-domain signal of the
subframe in the current frame and a right channel frequency-
domain signal of the subframe in the current frame. Alter-
natively, a downmix compensation factor of each subband in
each subframe in the current frame may be calculated based
on a left channel frequency-domain signal of the subband in
the subframe in the current frame and a right channel
frequency-domain signal of the subband in the subframe in
the current frame. Alternatively, a downmix compensation
factor of each subband corresponding to the preset low
frequency band in each subframe in the current frame may
be calculated based on a left channel frequency-domain
signal of the subband corresponding to the preset low
frequency band in the subframe in the cwrent frame and a
right channel frequency-domain signal of the subband cor-
responding to the preset low frequency band in the subframe
in the current frame.

[0356] The left channel frequency-domain signal may be
an original left channel frequency-domain signal, may be a
time-shift-adjusted left channel frequency-domain signal, or
may be a left channel frequency-domain signal obtained
after a plurality of stereo parameters are adjusted. Similarly,
the right channel frequency-domain signal may be an origi-
nal right channel frequency-domain signal, may be a time-
shift-adjusted right channel frequency-domain signal, or
may be a right channel frequency-domain signal obtained
after a plurality of stereo parameters are adjusted.

Jul. 25, 2024

[0357] For example, the current frame is divided into P
subframes, where P=2. Each subframe is divided into M
subbands, where M=10 When the preset low frequency band
is a subband with a subband index greater than 0 and less
than 5, the downmix compensation factor may be calculated
within the range of the preset frequency band, and a down-
mix compensation factor of a subband b in a subframe i in
the current frame is calculated based on a left channel
frequency-domain signal of the subband b in the subframe i
in the current frame and a right channel frequency-domain
signal of the subband b in the subframe i in the current
frame. The downmix compensation factor of the subband b
in the subframe i may be denoted o,(b), and may meet the
following:

JE_L (b +4E_R,(b) - JE_LR,(D)
2.JE_L;(®

k=band_limits(b+1)~1 5
E_L(b) = Liy
-Lib) Zk:band,zimirs(b) iy

k=band_limits(b+1)~1 5
E_R;(®) = Rip(k
-R,®) Zk:band,zimns(b) (k)

o;(b) =

k=band _limits(b+1)-1 [

B P2 pr 2
E_LR,6)= Zk:band,/imm(b) Lip ()" + Rip k) ]’

where
[0358] E_L,(b) represents an energy sum of the left
channel frequency-domain signal of the subband b in
the subframe i; E_R,(b) represents an energy sum of the
right channel frequency-domain signal of the subband
b in the subframe i; E_LR,(b) represents an energy sum
of the left channel frequency-domain signal and the
right channel frequency-domain signal of the subband
b in the subframe i; band_limits(b) represents a mini-
mum frequency bin index value of the subband b;
L;,"(k) represents the left channel frequency-domain
signal, obtained after stereo parameter adjustment, of
the subband b in the subframe i; R, ,"(k) represents a
right channel frequency-domain signal, obtained after
stereo parameter adjustment, of the subband b in the
subframe i. k represents a frequency bin index value;
and i represents a subframe index value, where i=0, 1,
..., P=1L
[0359] The stereo parameter adjustment may be adjust-
ment for a plurality of frequency-domain stereo parameters,
including time-shift adjustment performed based on the [TD
parameter. In addition to the ITD parameter, the plurality of
frequency-domain stereo parameters may include at least
one of stereo parameters in the prior art such as the IC, the
[L.D, the IPD, and the subband side gain.
[0360] When the initial downmixed signal of the current
frame is modified based on the downmix compensation
factor of the current frame to obtain the modified down-
mixed signal of the current frame, the compensated down-
mixed signal of the current frame may be calculated based
on the left channel frequency-domain signal of the current
frame or the right channel frequency-domain signal of the
current frame, and the downmix compensation factor. The
modified downmixed signal of the current frame is calcu-
lated based on the initial downmixed signal of the current
frame and the compensated downmixed signal of the current
frame.
[0361] That the compensated downmixed signal of the
current frame is calculated based on the left channel fre-
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quency-domain signal of the cwrrent frame or the right
channel frequency-domain signal of the current frame, and
the downmix compensation factor may be that a product of
the left channel frequency-domain signal of the current
frame and the downmix compensation factor is used as the
compensated downmixed signal of the current frame, or that
a product of the right channel frequency-domain signal of
the current frame and the downmix compensation factor is
used as the compensated downmixed signal of the current
frame.

[0362] That the modified downmixed signal of the current
frame is calculated based on the initial downmixed signal of
the current frame and the compensated downmixed signal of
the current frame may be that a sum of the compensated
downmixed signal of the current frame and the initial
downmixed signal of the current frame is used as the
modified downmixed signal of the current frame.

[0363] The downmix compensation factor may be calcu-
lated by frame, by subband in a frame, or by subband
corresponding to a preset frequency band in a frame; or may
be calculated by subframe, by subband in a subframe, or by
subband corresponding to a preset frequency band in a
subframe. Similarly, a process of calculating the compen-
sated downmixed signal and a process of calculating the
modified downmixed signal also need to be performed in a
same manner.

[0364] In this embodiment, a compensated downmixed
signal, of the subband b in the subframe i, calculated based
on a downmix compensation factor of the subband b in the
subframe i and the left channel frequency-domain signal of
the subband b in the subframe i meets the following:

DMX_comp; (k) = a;(b) Lx/{b (9}

where
[0365] L,,"(k) represents the left channel frequency-

domain signal, obtained after stereo parameter adjust-
ment, of the subband b in the subframe i; k represents
the frequency bin index value, where ke [band_limits
(b), band_limits(b+1)—1], and band_limits(b) repre-
sents the minimum frequency bin index value of the
subband b; o,(b) represents the downmix compensation
factor of the subband b in the subframe i, DMX_comp;
»(k) represents the compensated downmixed signal of
the subband b in the subframe i; and i represents the
subframe index value, where

[0366] A modified downmixed signal, of the subband b in

the subframe i, calculated based on the downmixed signal of

the subband b in the subframe i and the compensated

downmixed signal of the subband b in the subframe i meets

the following:

i (k) = DMX; (k) + DMX_comp, , (k),

where
[0367] DMX_comp,,(k) represents the compensated
downmixed signal of the subband b in the subframe i;
DMX, ,(k) represents the initial downmixed signal of

the subband b in the subframe i; D/AZ?,: (k) represents
the modified downmixed signal of the subband b in the

Jul. 25, 2024

subframe i; k represents the frequency bin index value,
where ke [band_limits(b), band_limits(b+1)—1], and
band_limits(b) represents the minimum frequency bin
index value of the subband b; and i represents the
subframe index value, where i=0, 1, . . ., P—1.
[0368] S717. Transform the modified downmixed signal
of the current frame to time domain to obtain a time-domain
downmixed signal, and encode the time-domain downmixed
signal. For this operation, refer to S713. Details are not
described herein again.
[0369] S718. Transform the initial downmixed signal of
the current frame to time domain to obtain a time-domain
downmixed signal, and encode the time-domain downmixed
signal. For this operation, refer to S713. Details are not
described herein again.
[0370] S719. Transform the initial residual signal of the
current frame to time domain to obtain a time-domain
residual signal, and encode the time-domain residual signal.
For a transform method, refer to S714. Details are not
described herein again.
[0371] It should be understood that S719 is not a manda-
tory operation. Generally, S719 is performed when a deter-
mining result in S707 is that the preset condition is met.
[0372] FIG. 8A and FIG. 8B are a schematic flowchart of
a stereo signal encoding method according to an embodi-
ment of this application by using the following example.
Both a first target frame and a second target frame are
previous frames of a current frame; a residual signal coding
parameter of the second target frame is used to represent an
energy ratio of a downmixed signal of the second target
frame to a residual signal of the second target frame; and an
inter-frame energy fluctuation parameter of the second target
frame is used to represent a ratio of total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame to total energy of
a downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame. The method may be performed by an
encoder or performed by a device having a stereo signal
encoding function. The method may include S801 to S819.
[0373] For S801 to S809, refer to S701 to S709. Details
are not described herein again.
[0374] S810. Determine a residual coding flag value of the
current frame.
[0375] For a method for determining the residual coding
flag value of the current frame, refer to the method for
determining the residual coding flag value of the current
frame in S710. Details are not described herein again.
[0376] S811. Determine whether a residual coding flag
value of the previous frame of the current frame is equal to
a residual coding flag value of a previous frame of the
previous frame. If the residual coding flag value of the
previous frame of the current frame is equal to the residual
coding flag value of the previous frame of the previous
frame, S812, S813, and S814 are performed; or if the
residual coding flag value of the previous frame of the
current frame is unequal to the residual coding flag value of
the previous frame of the previous frame, S815 is per-
formed.
[0377] The residual coding flag value of the previous
frame may be denoted as prev_res_cod_mode_flag. In this
embodiment of this application, for example, if prev_res_
cod_mode_flag is equal to 1, it may indicate that a residual
signal of the previous frame needs to be encoded; or if
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prev_res_cod_mode_flag is equal to 0, it indicates that a
residual signal of the previous frame does not need to be
encoded.

[0378] The residual coding flag value of the previous
frame of the previous frame may be denoted as prev2_res_
cod_mode_flag. In this embodiment of this application, for
example, when prev2_res_cod_mode_flag is equal to 1, it
may indicate that a residual signal of the previous frame of
the previous frame needs to be encoded; or if prev2_res_
cod_mode_flag is equal to 0, it indicates that a residual
signal of the previous frame of the previous frame does not
need to be encoded.

[0379] For S812 to S814, refer to S712 to S714. Details
are not described herein again.

[0380] S815. Determine whether the residual coding flag
value of the previous frame meets a condition 1. If the
residual coding flag value of the previous frame meets the
condition 1, S816 and S817 are performed; or if the residual
coding flag value of the previous frame does not meet the
condition 1, S818 and S819 are performed.

[0381] For S816 to S819, refer to S716 to S719. Details
are not described herein again.

[0382] It should be understood that concepts such as a
residual coding switching flag value and a modification flag
value of a residual signal coding flag may not be used in the
method shown in FIG. 8A and FIG. 8B. Therefore, when
reference is made to the operations in FIG. 8, a calculation
process related to these concepts may be ignored.

[0383] FIG. 9A and FIG. 9B are a schematic flowchart of
a stereo signal encoding method according to another
embodiment of this application by using the following
example. Both a first target frame and a second target frame
are current frames; a residual signal coding parameter of the
second target frame is used to represent an energy ratio of a
downmixed signal of the second target frame to a residual
signal of the second target frame; and an inter-frame energy
fluctuation parameter of the second target frame is used to
represent a ratio of total energy of the downmixed signal of
the second target frame and the residual signal of the second
target frame to total energy of a downmixed signal of a
previous frame of the second target frame and a residual
signal of the previous frame of the second target frame. The
method may be performed by an encoder or performed by a
device having a stereo signal encoding function. The method
may include S901 to S919.

[0384] For S901 to S910, refer to S801 to S810. Details
are not described herein again.

[0385] S911. Determine whether a residual coding flag
value of the current frame is equal to a residual coding flag
value of a previous frame of the current frame. If the residual
coding flag value of the current frame is equal to the residual
coding flag value of the current frame, S912, $913, and S914
are performed; or if the residual coding flag value of the
current frame is unequal to the residual coding flag value of
the current frame, S915 is performed.

[0386] The residual coding flag value of the previous
frame may be denoted as prev_res_cod_mode_flag. In this
embodiment of this application, for example, if prev_res_
cod_mode_flag is equal to 1, it may indicate that a residual
signal of the previous frame needs to be encoded; or if
prev_res_cod_mode_flag is equal to 0, it indicates that a
residual signal of the previous frame does not need to be
encoded.
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[0387] The residual coding flag value of the current frame
may be denoted as res_cod_mode_flag. In this embodiment
of this application, for example, if res_cod_mode_flag is
equal to 1, it may indicate that a residual signal of the current
frame needs to be encoded; or if res_cod_mode_flag is equal
to 0, it indicates that a residual signal of the current frame
does not need to be encoded.

[0388] For S912 to S914, refer to S712 to S714. Details
are not described herein again.

[0389] S915. Determine whether the residual coding flag
value of the current frame meets a condition 1. If the residual
coding flag value of the current frame meets the condition 1,
$916 and S917 are performed; or if the residual coding flag
value of the current frame does not meet the condition 1,
S918 and S919 are performed.

[0390] For S916 to S919, refer to S716 to S719. Details
are not described herein again.

[0391] It should be understood that concepts such as a
residual coding switching flag value and a modification flag
value of a residual signal coding flag may not be used in the
method shown in FIG. 9A and FIG. 9B. Therefore, when
reference is made to the operations in FIG. 7A and FIG. 7B,
a calculation process related to these concepts may be
ignored.

[0392] FIG. 10A and FIG. 10B are a schematic flowchart
of a stereo signal encoding method according to an embodi-
ment of this application by using the following example.
Both a first target frame and a second target frame are
previous frames of a current frame; a residual signal coding
parameter of the second target frame is used to represent an
energy ratio of a downmixed signal of the second target
frame to a residual signal of the second target frame; and an
inter-frame energy fluctuation parameter of the second target
frame is used to represent a ratio of total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame to total energy of
a downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame. The method may be performed by an
encoder or performed by a device having a stereo signal
encoding function. The method may include S1001 to
S1016.

[0393] For S1001 to S1009, refer to S701 to S709. Details
are not described herein again.

[0394] S1010. Determine a residual coding flag value of
the current frame. For this operation, refer to related content
in S710. Details are not described herein again.

[0395] S1011. Determine whether a residual coding
switching flag value of the previous frame indicates that the
previous frame is a switching frame. If the residual coding
switching flag value of the previous frame indicates that the
previous frame is a switching frame, S1012 is performed; or
if the residual coding switching flag value of the previous
frame indicates that the previous frame is not a switching
frame, S1013 is performed.

[0396] For S1012, refer to S712. For example, a to-be-
encoded downmixed signal of a subband b in a subframe i
in the current frame meets the following:

DMX; (k) = DMX; (k) + (1 —switch_fade_factor) = DMX_comp; , (k),
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where
[0397] DMX_comp, (k) represents a compensated

downmixed signal of the subband b in the subframe i;
b represents an initial downmixed signal of the subband
b in the subframe i; DMX, (k) represents a to-be-
encoded downmixed signal of a switching frame of the
subband b in the subframe i; k represents a frequency
bin index value, where ke [band_limits(b), band_limits
(b+1)—1], where band_limits(b) represents a minimum
frequency bin index value of the subband b; and
switch_fade_factor represents a switch fade-in/fade-
out factor of the previous frame.

[0398] Forexample, a to-be-encoded residual signal of the

subband b in the subframe i in the current frame meets the

following:

RES; (k) = switch_fade_factorx RES] , (k),

where
[0399] RES,, (k) represents an initial residual signal of
the subband b in the subframe i; RES, ;(k) represents a
to-be-encoded residual signal of a switching frame of
the subband b in the subframe i; k is a frequency bin
index value; ke [band_limits(b), band_limits(b+1)—1],
where band_limits(b) represents a minimum frequency
bin index value of the subband b; and switch_fade
factor represents a switch fade-in/fade-out factor of the
previous frame.
[0400] For example,
DMX, ,(k)=DMX, ,,(k)+0.5*DMX_comp, (k) and
RES(k)=0.5*RES; (k).
[0401] S1013. When a residual coding flag value of the
previous frame meets a condition 1, calculate a modified
downmixed signal of the current frame, and use the modified
downmixed signal as a downmixed signal of a subband
corresponding to a preset low frequency band.
[0402] The condition 1 may include that the residual
coding flag value of the previous frame indicates that a
residual signal of the previous frame does not need to be
encoded.
[0403] For example, when the residual signal coding flag
of the previous frame is prev_res_cod_mode_{flag, that the
residual coding flag value of the previous frame meets the
condition 1 may be equivalent to that prev_res_cod_mode_
flag is equal to O.
[0404] For related content of calculating the modified
downmixed signal of the current frame and the subband
corresponding to the preset frequency band, refer to S713,
and details are not described herein again.
[0405] S1014. Determine a residual coding switching flag
value of the current frame. For this operation, refer to related
content in S710. Details are not described herein again.
[0406] For S1015, refer to S713. Details are not described
herein again.
[0407] S1016. If the residual coding flag value of the
previous frame meets a condition 2, transform the residual
signal of the current frame to time domain to obtain a
time-domain residual signal, and encode the time-domain
residual signal by using a corresponding encoding method.
[0408] Forexample, the condition 2 is to encode a residual
signal. If the residual coding flag value of the previous frame
indicates that the residual signal is to be encoded, the
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residual signal of the cwrrent frame is transformed to time
domain to obtain the time-domain residual signal, and the
time-domain residual signal is encoded by using a corre-
sponding encoding method.

[0409] If frame division processing is performed on each
frame of signal, and band division processing is performed
on each subframe, residual signals of all subbands of each
subframe may be combined to constitute a residual signal of
the subframe i.

[0410] The residual signal of the subframe i is transformed
to time domain to obtain the time-domain residual signal
through inverse discrete Fourier transform, and an overlap-
add method is used for processing between subframes, to
obtain the time-domain residual signal of the current frame.

[0411] The time-domain residual signal of the current
frame may be encoded by using the prior art to obtain a
residual signal encoded bitstream, and the residual signal
encoded bitstream is written into a stereo encoded bitstream.

[0412] FIG. 11A and FIG. 11B are a schematic flowchart
of a stereo signal encoding method according to another
embodiment of this application by using the following
example. Both a first target frame and a second target frame
are previous frames of a current frame; a residual signal
coding parameter of the second target frame is used to
represent an energy ratio of a downmixed signal of the
second target frame to a residual signal of the second target
frame; and an inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of total
energy of the downmixed signal of the second target frame
and the residual signal of the second target frame to total
energy of a downmixed signal of a previous frame of the
second target frame and a residual signal of the previous
frame of the second target frame. The method may be
performed by an encoder or performed by a device having
a stereo signal encoding function. The method may include
S1101 to S1116.

[0413] For S1101 to S1109, refer to S1001 to S1009.
Details are not described herein again.

[0414] S1110. Calculate a residual signal coding param-
eter of the current frame and an inter-frame energy fluctua-
tion parameter of the current frame.

[0415] For a method for calculating the residual signal
coding parameter of the current frame and the inter-frame
energy fluctuation parameter of the current frame, refer to
S$620. Details are not described herein again.

[0416] S1111. Determine whether a residual coding
switching flag value of the previous frame indicates that the
previous frame is a switching frame. If the residual coding
switching flag value of the previous frame indicates that the
previous frame is a switching frame, S1112 is performed; or
if the residual coding switching flag value of the previous
frame indicates that the previous frame is not a switching
frame, S1113 is performed.

[0417] For S1112 and S1113, refer to S1012 and S1013.
Details are not described herein again.

[0418] For S1114 to S1116, refer to S1014 to S1016.
Details are not described herein again.

[0419] FIG. 12 is a schematic structural diagram of an
apparatus for calculating a downmixed signal and a residual
signal according to an embodiment of this application. It
should be understood that an apparatus 1200 shown in FIG.
12 is merely an example.
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[0420] The apparatus 1200 for calculating a downmixed
signal and a residual signal may include an obtaining
module 1210, a determining module 1220, and a calculation
module 1230.

[0421] In an embodiment, the obtaining module 1210, the
determining module 1220, and the calculation module 1230
may all be included in the encoding component 110 of the
mobile terminal 130.

[0422] Inan embodiment, the obtaining module 1210 may
be the collection component 131 of the mobile terminal 130,
and the determining module 1220 and the calculation mod-
ule 1230 may be included in the encoding component 110 of
the mobile terminal 130.

[0423] The obtaining module 1210 is configured to obtain
an initial downmixed signal and an initial residual signal of
a subband corresponding to a preset frequency band in a
current frame of an audio signal, where the audio signal is
a stereo signal.

[0424] The determining module 1220 is configured to
determine whether a first target frame of the audio signal is
a switching frame, where the first target frame is the current
frame or a previous frame of the current frame.

[0425] The calculation module 1230 is configured to: if
the first target frame is a switching frame, calculate, based
on a switch fade-in/fade-out factor of a second target frame,
the initial downmixed signal, and the initial residual signal,
a to-be-encoded downmixed signal and a to-be-encoded
residual signal of the subband corresponding to the preset
frequency band in the current frame, where the second target
frame is the current frame or the previous frame of the
current frame, and the switch fade-in/fade-out factor of the
second target frame is determined based on a residual signal
coding parameter of the second target frame and at least one
of an inter-frame energy fluctuation parameter or an inter-
frame amplitude fluctuation parameter of the second target
frame; and the residual signal coding parameter of the
second target frame is used to represent an energy relation-
ship between a downmixed signal and a residual signal of
the second target frame, and the inter-frame energy fluctua-
tion parameter or the inter-frame amplitude fluctuation
parameter of the second target frame is used to represent an
energy or amplitude relationship between a signal of the
second target frame and signals of M frames previous to the
second target frame, where M is a positive integer.

[0426] In an embodiment, the residual signal coding
parameter of the second target frame is used to represent an
energy difference between the downmixed signal of the
second target frame and the residual signal of the second
target frame;

[0427] the residual signal coding parameter of the sec-
ond target frame is used to represent an energy differ-
ence between the downmixed signal of the second
target frame and the residual signal of the second target
frame; or

[0428] the residual signal coding parameter of the sec-
ond target frame is used to represent a logarithmic
energy difference between the downmixed signal of the
second target frame and the residual signal of the
second target frame.

[0429] In an embodiment, the inter-frame energy fluctua-
tion parameter of the second target frame is used to represent
a ratio of total energy of the downmixed signal of the second
target frame and the residual signal of the second target
frame to total energy of a downmixed signal of a previous
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frame of the second target frame and a residual signal of the
previous frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame is
used to represent a difference between total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame and total energy of
a downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame;

[0430] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of total energy of the downmixed
signal of the second target frame and the residual signal
of the second target frame and a logarithm of total
energy of a downmixed signal of a previous frame of
the second target frame and a residual signal of the
previous frame of the second target frame;

[0431] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the downmixed signal of the second target
frame to energy of a downmixed signal of a previous
frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame
is used to represent a difference between energy of the
downmixed signal of the second target frame and
energy of a downmixed signal of a previous frame of
the second target frame;

[0432] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the downmixed signal
of the second target frame and a logarithm of energy of
a downmixed signal of a previous frame of the second
target frame;

[0433] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the residual signal of the second target frame
to energy of a residual signal of a previous frame of the
second target frame, or the inter-frame energy fluctua-
tion parameter of the second target frame is used to
represent a difference between energy of the residual
signal of the second target frame and energy of a
residual signal of a previous frame of the second target
frame; or

[0434] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the residual signal of
the second target frame and a logarithm of energy of a
residual signal of a previous frame of the second target
frame.

[0435] In an embodiment, the inter-frame amplitude fluc-
tuation parameter of the second target frame is used to
represent a ratio of a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame to
a sum of an amplitude sum of the downmixed signal of the
previous frame of the second target frame and an amplitude
sum of the residual signal of the previous frame of the
second target frame, or the inter-frame amplitude fluctuation
parameter of the second target frame is used to represent a
difference between and a sum of an amplitude sum of the
downmixed signal of the second target frame and an ampli-
tude sum of the residual signal of the second target frame
between a sum of an amplitude sum of the downmixed
signal of the previous frame of the second target frame and
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an amplitude sum of the residual signal of the previous tude fluctuation parameter of the second target frame;
frame of the second target frame; NRG_THI1 represents a preset first threshold of the

[0436] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of a sum of an ampli-
tude sum of the downmixed signal of the second target
frame and an amplitude sum of the residual signal of
the second target frame and a logarithm of a sum of an
amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum
of the residual signal of the previous frame of the
second target frame of the residual signal of the second
target frame and a logarithm of a sum of an amplitude
sum of the downmixed signal of the previous frame of
the second target frame and an amplitude sum of the
residual signal of the previous frame of the second
target frame;

[0437] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the downmixed signal of the
second target frame to an amplitude sum of the down-
mixed signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation param-
eter of the second target frame is used to represent a
difference between an amplitude sum of the down-
mixed signal of the second target frame and an ampli-
tude sum of the downmixed signal of the previous
frame of the second target frame;

[0438] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the downmixed signal of the second target frame and a
logarithm of an amplitude sum of the downmixed
signal of the previous frame of the second target frame;

[0439] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the residual signal of the second
target frame to an amplitude sum of the residual signal
of the previous frame of the second target frame, or the
inter-frame amplitude fluctuation parameter of the sec-
ond target frame is used to represent a difference
between an amplitude sum of the residual signal of the
second target frame and an amplitude sum of the
residual signal of the previous frame of the second
target frame; or

[0440] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the residual signal of the second target frame and a
logarithm of an amplitude sum of the residual signal of
the previous frame of the second target frame.

inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI1 represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor of
the second target frame; and FACTOR_1, FACTOR_2,
and FACTOR_3 represent preset values; and

[0446] NRG_THI>NRG_TH2, RATIO_THI1<RATIO_
TH2, and FACTOR_1>FACTOR_3>FACTOR_2.

[0447] In an embodiment, FADE_FACTOR_3=0.5.
[0448] In an embodiment, FADE_FACTOR_1=0.75.
[0449] In an embodiment, FADE_FACTOR_2=0.25.

[0450] In an embodiment, the calculation module is con-
figured to calculate the switch fade-in/fade-out factor of the
second target frame in the following manner:

[0451] when frame_nrg_ratio>NRG_TH1 and res_
dmx_ratioKRATIO_THI,

switch_fade_factor =

1
(1 - —) % (1 —rem_dmx_ratio) s FADE_FACTOR_1;
frame_nrg_ratio

[0452] when frame_nrg_ratioKNRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade_factor=(1—
frame_nrg_ratio)*rem_dmx_ratio*FADE_FACTOR _
2; or

[0453] in another case, switch_fade factor=FADE_
FACTOR_3; where

[0454] frame_nrg_ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI1 represents a first threshold of the inter-
frame energy fluctuation parameter or the inter-frame
amplitude fluctuation parameter; NRG_TH?2 represents
a preset second threshold of the inter-frame energy
fluctuation parameter or the inter-frame amplitude fluc-
tuation parameter; res_dmx_ratio represents the
residual signal coding parameter of the second target
frame; RATIO_TH1 represents a preset first threshold

[0441] In some possible implementations, the calculation of the residual signal coding parameter; RATIO_TH2
module is configured to calculate the switch fade-in/fade-out represents a preset second threshold of the residual
factor of the second target frame in the following manner: signal coding parameter; switch_fade_factor represents
[0442] when frame_nrg_ratio>NRG_THI1 and res_ the switch fade-in/fade-out factor of the second target
dmx_ratioKRATIO_TH]1, switch_fade frame; and FADE_FACTOR_1, FADE FACTOR_2,
factor=FACTOR_1. and FADE_FACTOR_3 represent preset values; and
(0443] when frame_nrg_ratio<NRG_TH2 and res_ [0455] NRG_THI1>NRG_TH2, RATIO_THI<RATIO_
dmx_ratio>RATIO_TH2, switch_fade_ TH2, and FADE_FACTOR_I>FADE_FACTOR_
factor=FACTOR_2; or 3>FADE FACTOR 2.
[04;4!-4‘)]Vhelrt; another case, switch_fade factor=FACTOR_ [0456] In an embodiment, FADE_FACTOR_3=0.5.

[0445] frame_nrg_ratio represents the inter-frame [0457] In an embodiment, FADE_FACTOR_1=0.75.
energy fluctuation parameter or the inter-frame ampli- [0458] In an embodiment, FADE_FACTOR_2=0.25.
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[0459] In an embodiment, the calculation module is spe-
cifically configured to:

[0460] calculate, according to formula
DMX, ,(k)=DMX, , (k)+(1-switch_fade_factor)*-
DMX_comp, ,(k) the to-be-encoded downmixed signal
of the subband corresponding to the preset frequency
band; and

[0461] calculate, according to formula
RES, ,(k)=switch_fade_factor*RES, ,'(k) the to-be-en-
coded residual signal of the subband corresponding to
the preset frequency band; where

[0462] DMX, (k) represents a to-be-encoded down-
mixed signal of a subband b in a subframe i in the
current frame; DMX, ,(k) represents an initial down-
mixed signal of the subband b in the subframe i in the
current frame; switch_fade_factor represents the switch
fade-in/fade-out factor; DMX_comp, ,(k) represents a
compensated downmixed signal of the subband b in the
subframe i in the current frame; RES, ,'(k) represents
an initial residual signal of the subband b in the
subframe i in the current frame; RES; ;(k) represents a
to-be-encoded residual signal of the subband b in the
subframe i in the current frame; the subband b in the
subframe i in the current frame is a subband in the at
least one subband corresponding to the preset fre-
quency band; k represents a frequency bin index of the
subband b in the subframe i in the current frame; and
O=i<P-1, where P represents a quantity of subframes
included in the current frame.

[0463] In an embodiment, Thl=b<Th2, Thl<b<Th2,
Th1=b<Th2, or Th1<b<Th2, where Thl represents an index
value of a subband with a smallest index value in the
subband corresponding to the preset frequency band, Th2
represents an index value of a subband with a largest index
value in the subband corresponding to the preset frequency
band, and 0=<Th1<Th2<M-1, where M represents a quantity
of subbands corresponding to the preset frequency band, and
M=z2.

[0464] In an embodiment, the determining module is
specifically configured to:

[0465] determine, based on a residual coding switching
flag value of the first target frame, whether the first
target frame is a switching frame.

[0466] In an embodiment, when a residual coding flag
value of the first target frame is unequal to a residual coding
flag value of a previous frame of the first target frame, the
residual coding switching flag value of the first target frame
indicates that the first target frame is a switching frame;

[0467] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
modification flag value of the residual coding flag of
the previous frame of the first target frame indicates
that the residual coding flag value of the previous frame
of the first target frame has not been modified, the
residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; or

[0468] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
residual coding switching flag of the previous frame of
the first target frame indicates that the previous frame
of the first target frame is not a switching frame, the
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residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; where

[0469] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.

[0470] In an embodiment, the determining module is
specifically configured to:

[0471] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, determine
that the first target frame is a switching frame, where

[0472] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.

[0473] FIG. 13 is a schematic structural diagram of an
apparatus for calculating a downmixed signal and a residual
signal according to an embodiment of this application. It
should be understood that an apparatus 1300 shown in FIG.
13 is merely an example.

[0474] A memory 1310 is configured to store a program.
[0475] A processor 1320 is configured to execute the
program stored in the memory 1310, where when executing
the program stored in the memory, the processor 1320 is
specifically configured to:

[0476] obtain an initial downmixed signal and an initial
residual signal of a subband corresponding to a preset
frequency band in a current frame of an audio signal,
where the audio signal is a stereo signal;

[0477] determine whether a first target frame of the
audio signal is a switching frame, where the first target
frame is the current frame or a previous frame of the
current frame; and

[0478] if the first target frame is a switching frame,
calculate, based on a switch fade-in/fade-out factor of
a second target frame, the initial downmixed signal and
the initial residual signal, a to-be-encoded downmixed
signal and a to-be-encoded residual signal of the sub-
band corresponding to the preset frequency band in the
current frame, where the second target frame is the
current frame or the previous frame of the first target
frame, and the switch fade-in/fade-out factor of the
second target frame is determined based on a residual
signal coding parameter of the second target frame and
at least one of an inter-frame energy fluctuation param-
eter or an inter-frame amplitude fluctuation parameter
of the second target frame; and the residual signal
coding parameter of the second target frame is used to
represent an energy relationship between a downmixed
signal and a residual signal of the second target frame,
and the inter-frame energy fluctuation parameter or the
inter-frame amplitude fluctuation parameter of the sec-
ond target frame is used to represent an energy or
amplitude relationship between a signal of the second
target frame and signals of M frames previous to the
second target frame, where M is a positive integer.
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[0479] In an embodiment, the residual signal coding
parameter of the second target frame is used to represent an
energy ratio of the downmixed signal of the second target
frame to the residual signal of the second target frame;

[0480] the residual signal coding parameter of the sec-
ond target frame is used to represent an energy differ-
ence between the downmixed signal of the second
target frame and the residual signal of the second target
frame; or

[0481] the residual signal coding parameter of the sec-
ond target frame is used to represent a logarithmic
energy difference between the downmixed signal of the
second target frame and the residual signal of the
second target frame.

[0482] The inter-frame energy fluctuation parameter of the
second target frame is used to represent a ratio of total
energy of the downmixed signal of the second target frame
and the residual signal of the second target frame to total
energy of a downmixed signal of a previous frame of the
second target frame and a residual signal of the previous
frame of the second target frame, or the inter-frame energy
fluctuation parameter of the second target frame is used to
represent a difference between total energy of the down-
mixed signal of the second target frame and the residual
signal of the second target frame and total energy of a
downmixed signal of a previous frame of the second target
frame and a residual signal of the previous frame of the
second target frame;

[0483] the inter-frame energy fluctuation parameter of
the second target frame may be used to represent a
difference between a logarithm of total energy of the
downmixed signal of the second target frame and the
residual signal of the second target frame and a loga-
rithm of total energy of a downmixed signal of a
previous frame of the second target frame and a
residual signal of the previous frame of the second
target frame;

[0484] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the downmixed signal of the second target
frame to energy of a downmixed signal of a previous
frame of the second target frame, or the inter-frame
energy fluctuation parameter of the second target frame
is used to represent a difference between energy of the
downmixed signal of the second target frame and
energy of a downmixed signal of a previous frame of
the second target frame;

[0485] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the downmixed signal
of the second target frame and a logarithm of energy of
a downmixed signal of a previous frame of the second
target frame;

[0486] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a ratio of
energy of the residual signal of the second target frame
to energy of a residual signal of a previous frame of the
second target frame, or the inter-frame energy fluctua-
tion parameter of the second target frame is used to
represent a difference between energy of the residual
signal of the second target frame and energy of a
residual signal of a previous frame of the second target
frame; or
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[0487] the inter-frame energy fluctuation parameter of
the second target frame is used to represent a difference
between a logarithm of energy of the residual signal of
the second target frame and a logarithm of energy of a
residual signal of a previous frame of the second target
frame.

[0488] Optionally, the inter-frame amplitude fluctuation
parameter of the second target frame is used to represent a
ratio of a sum of an amplitude sum of the downmixed signal
of the second target frame and an amplitude sum of the
residual signal of the second target frame to a sum of an
amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum of
the residual signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation parameter of
the second target frame is used to represent a difference
between a sum of an amplitude sum of the downmixed
signal of the second target frame and an amplitude sum of
the residual signal of the second target frame and a sum of
an amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum of
the residual signal of the previous frame of the second target
frame;

[0489] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of a sum of an ampli-
tude sum of the downmixed signal of the second target
frame and an amplitude sum of the residual signal of
the second target frame and a logarithm of a sum of an
amplitude sum of the downmixed signal of the previous
frame of the second target frame and an amplitude sum
of the residual signal of the previous frame of the
second target frame;

[0490] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the downmixed signal of the
second target frame to an amplitude sum of the down-
mixed signal of the previous frame of the second target
frame, or the inter-frame amplitude fluctuation param-
eter of the second target frame is used to represent a
difference between an amplitude sum of the down-
mixed signal of the second target frame and an ampli-
tude sum of the downmixed signal of the previous
frame of the second target frame;

[0491] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
the downmixed signal of the second target frame and a
logarithm of an amplitude sum of the downmixed
signal of the previous frame of the second target frame;

[0492] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a ratio of
an amplitude sum of the residual signal of the second
target frame to an amplitude sum of the residual signal
of the previous frame of the second target frame, or the
inter-frame amplitude fluctuation parameter of the sec-
ond target frame is used to represent a difference
between an amplitude sum of the residual signal of the
second target frame and an amplitude sum of the
residual signal of the previous frame of the second
target frame; or

[0493] the inter-frame amplitude fluctuation parameter
of the second target frame is used to represent a
difference between a logarithm of an amplitude sum of
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the residual signal of the second target frame and a
logarithm of an amplitude sum of the residual signal of
the previous frame of the second target frame.
[0494] In an embodiment, the processor is configured to
determine the switch fade-in/fade-out factor in the following
manner:

[0495] when frame_nrg_ratio>NRG_THI1 and res_
dmx_ratioKRATIO_TH]1, switch_fade_
factor=FACTOR_1;

[0496] when frame_nrg_ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade_
factor=FACTOR_2; or

[0497] in another case, switch_fade_factor=FACTOR_
3; where

[0498] frame_nrg_ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a second threshold of the inter-frame energy
fluctuation parameter or the inter-frame amplitude fluc-
tuation parameter; res_dmx_ratio represents the
residual signal coding parameter of the second target
frame; RATIO_TH1 represents a preset first threshold
of the residual signal coding parameter; RATIO_TH2
represents a preset second threshold of the residual
signal coding parameter; switch_fade_factor represents
the switch fade-in/fade-out factor of the second target
frame; and FACTOR_1, FACTOR_2, and FACTOR_3
represent preset values; and

[0499] NRG_TH1>NRG_TH2, RATIO_TH1<RATIO_
TH2, and FACTOR_1>FACTOR_3>FACTOR_2.

[0500] In an embodiment, the processor is configured to
determine the switch fade-in/fade-out factor in the following
manner:

[0501] when frame_nrg_ratio>NRG_THI1 and res_
dmx_ratioKRATIO_TH]1,

switch_fade_factor =

( - —) % (1 —rem_dmx_ratio) *x FADE_FACTOR_1;
frame_nrg_ratio

[0502] when frame_nrg_ratio<NRG_TH2 and res_
dmx_ratio>RATIO_TH?2, switch_fade factor=(1—
frame_nrg_ratio)*rem_dmx_ratio*FADE_FACTOR _
2; or

[0503] in another case, switch_fade_factor=FADE_
FACTOR_3; where

[0504] frame_nrg_ratio represents the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter of the second target frame;
NRG_THI represents a preset first threshold of the
inter-frame energy fluctuation parameter or the inter-
frame amplitude fluctuation parameter; NRG_TH2 rep-
resents a preset second threshold of the inter-frame
energy fluctuation parameter or the inter-frame ampli-
tude fluctuation parameter; res_dmx_ratio represents
the residual signal coding parameter of the second
target frame; RATIO_THI1 represents a preset first
threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
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the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor of
the second target frame; and FADE_FACTOR_1
FADE_FACTOR_2, and FADE_FACTOR_3 represent
preset values of the switch fade-in/fade-out factor; and
[0505] NRG_THI>NRG_TH2, RATIO_THI1<RATIO_
TH2, and FADE_FACTOR_1>FADE FACTOR_
3>FADE_FACTOR_2.
[0506] In an embodiment, FADE_FACTOR_3=0.5.
[0507] In an embodiment, FADE_FACTOR_1=0.75.
[0508] In an embodiment, FADE_FACTOR_2=0.25.
[0509] In an embodiment, the processor is configured to:

[0510] calculate the to-be-encoded downmixed signal
according to formula
DMX, ,(k)=DMX, ,(k}+(1—switch_fade_factor)*-
DMX_comp; ,(k); and

[0511] calculate the to-be-encoded residual signal
according to formula
RES, ,(k)=switch_fade_factor*RES, ,'(k) where

[0512] DMX, (k) represents the to-be-encoded down-
mixed signal of a subband b in a subframe i in the
current frame; DMX, ,(k) represents an initial down-
mixed signal of the subband b in the subframe i in the
current frame; switch_fade_factor represents the switch
fade-in/fade-out factor; represents a compensated
downmixed signal of the subband b in the subframe i in
the cwrrent frame; RES,,'(k) represents an initial
residual signal of the subband b in the subframe i in the
current frame; RES; (k) represents a to-be-encoded
residual signal of the subband b in the subframe i in the
current frame; the subband b in the subframe i in the
current frame is a subband in the at least one subband
corresponding to the preset frequency band; k repre-
sents a frequency bin index of the subband b in the
subframe i in the current frame; and 0<i<P—1, where P
represents a quantity of subframes included in the
current frame.

[0513] In an embodiment, Th1<b<Th2, Thl<b<Th2,
Th1<b<Th2, or Th1<b<Th2, where Th1 represents an index
value of a subband with a smallest index value in the
subband corresponding to the preset frequency band, Th2
represents an index value of a subband with a largest index
value in the subband corresponding to the preset frequency
band, and 0<Th1<Th2<M-1, where M represents a quantity
of subbands corresponding to the preset frequency band, and
M=>2.

[0514] In an embodiment, the processor is configured to
determine, based on a residual coding switching flag value
of the first target frame, whether the first target frame is a
switching frame.

[0515] In an embodiment, when a residual coding flag
value of the first target frame is unequal to a residual coding
flag value of a previous frame of the first target frame, the
residual coding switching flag value of the first target frame
indicates that the first target frame is a switching frame;

[0516] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
modification flag value of the residual coding flag of
the previous frame of the first target frame indicates
that the residual coding flag value of the previous frame
of the first target frame has not been modified, the
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residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; or
[0517] when a residual coding flag value of the first
target frame is unequal to a residual coding flag value
of a previous frame of the first target frame, and a
residual coding switching flag of the previous frame of
the first target frame indicates that the previous frame
of the first target frame is not a switching frame, the
residual coding switching flag value of the first target
frame indicates that the first target frame is a switching
frame; where
[0518] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.
[0519] In an embodiment, the processor is configured to:
when a residual coding flag value of the first target frame is
unequal to a residual coding flag value of a previous frame
of the first target frame, determine that the first target frame
is a switching frame, where
[0520] the residual coding flag value of the first target
frame is used to indicate whether a residual signal of
the first target frame needs to be encoded, and the
residual coding flag value of the previous frame of the
first target frame is used to indicate whether a residual
signal of the previous frame of the first target frame
needs to be encoded.
[0521] It should be understood that the apparatus 1300 for
calculating a downmixed signal and a residual signal may be
configured to perform the operations in the method shown in
FIG. 6. For brevity, details are not described herein again.
[0522] A person of ordinary skill in the art may be aware
that, in combination with the examples described in the
embodiments disclosed in this specification, units and algo-
rithm operations may be implemented by electronic hard-
ware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware
or software depends on particular applications and design
constraint conditions of the technical solutions. A person
skilled in the art may use different methods to implement the
described functions for each particular application, but it
should not be considered that the implementation goes
beyond the scope of this application.
[0523] It may be clearly understood by the person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working process of the foregoing
system, apparatus, and unit, reference may be made to a
corresponding process in the foregoing method embodi-
ments, and details are not described herein again.
[0524] In the several embodiments provided in this appli-
cation, it should be understood that, the disclosed system,
apparatus, and method may be implemented in another
manner. For example, the described apparatus embodiments
are merely examples. For example, division into the units is
merely logical function division and may be other division
in actual implementation. For example, a plurality of units or
components may be combined or integrated into another
system, or some features may be ignored or not performed.
In addition, the displayed or discussed mutual couplings or
direct couplings or communication connections may be
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implemented through some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented in electronic, mechani-
cal, or other forms.

[0525] The units described as separate parts may or may
not be physically separate, and parts displayed as units may
or may not be physical units, may be located in one location,
or may be distributed on a plurality of network units. Some
or all of the units may be selected depending on actual
requirements to achieve the objectives of the solutions in the
embodiments.

[0526] In addition, functional units in the embodiments of
this application may be integrated into one processing unit,
or each of the units may exist alone physically, or two or
more units are integrated into one unit.

[0527] When the functions are implemented in a form of
a software functional unit and sold or used as an independent
product, the functions may be stored in a computer-readable
storage medium. Based on such an understanding, the tech-
nical solutions of this application essentially, or partially
contribute to the prior art, or some of the technical solutions
may be implemented in a form of a software product. The
software product is stored in a storage medium, and includes
several instructions for instructing a computer device (which
may be a personal computer, a server, a network device, or
the like) to perform all or some of the operations of the
methods described in the embodiments of this application.
The foregoing storage medium includes any medium that
can store program code, such as a USB flash drive, a
removable hard disk, a read-only memory (ROM), a random
access memory (RAM), a magnetic disk, or an optical disc.
[0528] The foregoing descriptions are merely specific
implementations of this application, but are not intended to
limit the protection scope of this application. Any variation
or replacement readily figured out by a person skilled in the
art within the technical scope disclosed in this application
shall fall within the protection scope of this application.
Therefore, the protection scope of this application shall be
subject to the protection scope of the claims.

1. An audio signal encoding method, comprising:

obtaining an audio signal including at least two channel
signals;

obtaining an initial residual signal of a subband of a
current frame of the audio signal;

obtaining an initial downmixed signal of the subband;

determining whether the current frame is a switching
frame; and

when the current frame is the switching frame, obtaining
a switch fade-in/fade-out factor of a previous frame of
the current frame based on a residual signal coding
parameter of the previous frame and an inter-frame
energy fluctuation parameter of the previous frame,
wherein the residual signal coding parameter represents
an energy relationship between a downmixed signal
and a residual signal of the previous frame, and the
inter-frame energy fluctuation parameter represents an
energy relationship between the previous frame and M
frames previous to the previous frame, wherein M is a
positive integer;

obtaining a processed downmixed signal based on the
switch fade-in/fade-out factor and the initial down-
mixed signal;
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obtaining a processed residual signal based on the switch 7. An audio signal encoder, comprising:
fa((iie—in/fade—out factor and the initial residual signal; a processor; and
an .

encoding the processed downmixed signal and the pro- a memory coup k}d to thc.: processor and storing program-
cessed residual signal. ming 1nstru}clt10ns(,i.wh1.ch v&llhen e)éecuted by the proces-

A t to:

2. The method according to claim 1, wherein: so.r cause .e au. 10 Slfgna e.nco erto

when frame nrg_ratio>NRG_THI and res_dmx_ obta.un elm audio signal including at least two channel
ratio<RATIO_THI, switch_fade_factor=FACTOR_L: SIEnals:

when frame_nrg_ratio<NRG_TH2 and res_dmx_ obtain an initial res@due}l signal of a subband of a current
ratio>RATIO_TH2, switch_fade_factor=FACTOR_2; frame of the audio signal;
or obtain an initial downmixed signal of the subband;

g
switch_fade_factor=FACTOR_3; determine whether the current frame is a switching frame;
frame_nrg_ratio represents the inter-frame energy fluc- and

tuation parameter; NRG_THI1 represents a preset first . s .
thresholz of the inter-frame energy ﬂuctuatir())n param- when. the current frame is a switching frme, obtain a
eter; NRG_TH?2 represents a preset second threshold of switch fade-in/fade-out factor of & previous frame. of
the inter-frame energy fluctuation parameter; res_dmx_ ﬂl;a;;lgz?togaﬁe t;zsigugnfrzni?li?gl aigﬁlilerfgriﬁi
ratio represents the residual signal coding parameter of 5 nemy fluc tuationp a}/ame ter of the previous frame
the previous frame; RATIO_THI1 represents a preset Y ‘on pa . P ’
first threshold of the residual signal coding parameter; wherein the resu.iual 51 gnal coding p arameter represents
RATIO_TH?2 represents a preset second threshold of an energy relatl(?nshlp between a downmixed signal
the residual signal coding parameter; switch_fade ?nd a residual signal of ﬂ.le previous frame, and the
factor represents the switch fade-in/fade-out factor; and inter-frame energy fluctuation p arameter represents an
FACTOR_1 FACTOR_2 and FACTOR_3 represent energy relationship between the previous frame and M
preset values: and - - frames previous to the previous frame, wherein M is a
; itive integer:
NRG_THI1>NRG_TH2, RATIO_TH1<RATIO_TH2, and positive infeget o ,
FACTOR_1>FACTOR_3>FACTOR_2. obtain a processed downmixed s1g1.13.l based on the sw1t.ch
3. The method according to claim 1, wherein: fade-in/fade-out factor and the initial downmixed sig-
when frame_nrg_ratio>NRG_TH1 and res_dmx_ nal;
ratio<RATIO_THI, obtain a processed residual signal based on the switch
fade-in/fade-out factor and the initial residual signal;
and
switch_fade_factor = encode the processed downmixed signal and the pro-
cessed residual signal.
( - framefnrgfratio)*(l ~tem_dmx_ratio) x FADE_FACTOR_1; 8. The audio signal encoder according to claim 7,
wherein:
when frame_nrg_ratioKNRG_TH2 and res_dmx_ when. ffame_nrg_ratio}NRG_THl and res_dmx_
ratio>RATIO_TII2, switch_fade_factor=(1—frame_ ratio<RATIO_TH]1, switch_fade factor=FACTOR_1;
nrg_ratio)*rem_dmx_ratio*FADE_FACTOR_2; or when frame_nrg_ratioKNRG_TH2 and res_dmx_
switch_fade_factor=FADE_FACTOR_3; ratio>RATIO_TH2, switch_fade factor=FACTOR_2;
frame_nrg_ratio represents the inter-frame energy fluc- or
tuation parameter; NRG_THI represents a preset first switch_fade factor=FACTOR_3;
threshold of the inter-frame energy fluctuation param- frame_nrg_ratio represents the inter-frame energy fluc-
eter; NRG_TH?2 represents a preset second threshold of tuat_iong_arameteg . NRG THI represents a rci}el:t first
the inter-frame energy fluctuation parameter; res_dmx_ thresholz of the ir’lter-fra;ne enerp ﬂuctuatir())n aram-
ratio represents the residual signal coding parameter of "NRG TH2 £y d thr E 1d of
the previous frame; RATIO_THI1 represents a preset Ztler., fra rep resgnts apreset second thres 3 N
first threshold of the residual signal coding parameter; ¢ Inter-frame eI}llergy . duCtF at 101;1p arzmeter, res_ mxjf
RATIO_TH?2 represents a preset second threshold of ratio represents the residual signa: coding parameter o
the residual signal coding parameter; switch_fade the previous frame; RATIO—THl represents a preset
factor represents the switch fade-in/fade-out factor; and gi%héeSThIglzd rzgilel:e;izliuis;i?fegggiin%hg :ﬁlgllzt%%
Eﬁg%_)l;AgTOR_L fADE—tFAICTQR—(Zi’ and FADE_ the residual signal coding parameter; switch_fade_
—> Tepresent preset vaues; an d factor represents the switch fade-in/fade-out factor; and
Nl}iT)TEH; ;NIEGIQTIF%E‘QE%‘TH; <§Aﬂ%ggz’ an FACTOR_I FACTOR_2 and FACTOR_3 represent
FACTOR (2: OR_1> _FACTOR_3> — preset values; and
4. The meﬂ;od according to claim 3, wherein FADE _ NRG_THI>NRG_TH2, RATIO_THI<RATIO_TH2, and
FACTOR 3=0.5 FACTOR_1>FACTOR_3>FACTOR_2.
5. The method according to claim 3, wherein FADE_ 9. The audio signal encoder according to claim 7,
FACTOR_1=0.75. wherein:
6. The method according to claim 3, wherein FADE_ when frame_nrg_ratio>NRG_THI1 and res_dmx_

FACTOR_2=0.25. ratio<RATIO_THI,
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switch_fade_factor =

1
( - —) % (1 —rem_dmx_ratio) *x FADE_FACTOR_1;
frame_nrg_ratio

when frame_nrg_ratioKNRG_TH2 and res_dmx_
ratio>RATIO_TH2, switch_fade_factor=(1—frame_
nrg_ratio)*rem_dmx_ratio*FADE_FACTOR_2; or
switch_fade factor=FADE_FACTOR_3;
frame_nrg_ratio represents the inter-frame energy fluc-
tuation parameter; NRG_THI represents a preset first
threshold of the inter-frame energy fluctuation param-
eter; NRG_TH?2 represents a preset second threshold of
the inter-frame energy fluctuation parameter; res_dmx_
ratio represents the residual signal coding parameter of
the previous frame; RATIO_THI1 represents a preset
first threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor; and
FADE_FACTOR_1, FADE_FACTOR_2 and FADE_
FACTOR_3 represent preset values; and

NRG_TH1>NRG_TH2, RATIO_TH1<RATIO_TH?2, and
FADE_FACTOR_1>FADE_FACTOR_3>FADE _
FACTOR_2.

10. The audio signal encoder according to claim 9,
wherein FADE_FACTOR_3=0.5.

11. The audio signal encoder according to claim 9,
wherein FADE_FACTOR_1=0.75.

12. The audio signal encoder according to claim 9,
wherein FADE_FACTOR_2=0.25.

13. A non-transitory computer-readable storage medium
storing computer instructions, which when executed by one
or more processors, cause the one or more processors to
perform operations, the operations comprising:

obtaining an audio signal including at least two channel

signals;

obtaining an initial residual signal of a subband of a

current frame of the audio signal;

obtaining an initial downmixed signal of the subband;

determining whether the current frame is a switching

frame; and

when the current frame is a switching frame, obtaining a

switch fade-in/fade-out factor of a previous frame of
the cwrrent frame based on a residual signal coding
parameter of the previous frame and an inter-frame
energy fluctuation parameter of the previous frame,
wherein the residual signal coding parameter represents
an energy relationship between a downmixed signal
and a residual signal of the previous frame, and the
inter-frame energy fluctuation parameter represents an
energy relationship between the previous frame and M
frames previous to the previous frame, wherein M is a
positive integer;

obtaining a processed downmixed signal based on the

switch fade-in/fade-out factor and the initial down-
mixed signal;

obtaining a processed residual signal based on the switch

fade-in/fade-out factor and the initial residual signal;
and

encoding the processed downmixed signal and the pro-

cessed residual signal.
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14. The non-transitory computer-readable storage
medium according to claim 13, wherein:
when frame_nrg_ratio>NRG_THI1 and res_dmx_

ratio<RATIO_TH]1, switch_fade factor=FACTOR_1;

when frame_nrg_ratioKNRG_TH2 and res_dmx_
ratio>RATIO_TH2, switch_fade factor=FACTOR_2;
or

switch_fade_factor=FACTOR_3;

frame_nrg_ratio represents the inter-frame energy fluc-
tuation parameter; NRG_THI represents a preset first
threshold of the inter-frame energy fluctuation param-
eter; NRG_TH?2 represents a preset second threshold of
the inter-frame energy fluctuation parameter; res_dmx_
ratio represents the residual signal coding parameter of
the previous frame; RATIO_THI1 represents a preset
first threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor; and
FACTOR_1 FACTOR_2 and FACTOR_3 represent
preset values; and

NRG_THI1>NRG_TH?2, RATIO_TH1<RATIO_TH2, and
FACTOR_1>FACTOR_3>FACTOR_2.

15. The non-transitory computer-readable storage
medium according to claim 13, wherein:
when frame_nrg_ratio>NRG_THI1 and res_dmx_

ratio<RATIO_THI,

switch_fade_factor =

(1 - —) % (1 —rem_dmx_ratio) s FADE_FACTOR_1;
frame_nrg_ratio

when frame_nrg_ratioKNRG_TH2 and res_dmx_
ratio>RATIO_TH2, switch_fade factor=(1—frame_
nrg_ratio)*rem_dmx_ratio* FADE_FACTOR_2; or

switch_fade_factor=FADE_FACTOR_3;

frame_nrg_ratio represents the inter-frame energy fluc-
tuation parameter; NRG_THI represents a preset first
threshold of the inter-frame energy fluctuation param-
eter; NRG_TH?2 represents a preset second threshold of
the inter-frame energy fluctuation parameter; res_dmx_
ratio represents the residual signal coding parameter of
the previous frame; RATIO_THI1 represents a preset
first threshold of the residual signal coding parameter;
RATIO_TH?2 represents a preset second threshold of
the residual signal coding parameter; switch_fade
factor represents the switch fade-in/fade-out factor; and
FADE_FACTOR_1 FADE_FACTOR_2 and FADE_
FACTOR_3 represent preset values; and

NRG_THI1>NRG_TH?2, RATIO_TH1<RATIO_TH2, and
FADE_FACTOR_1>FADE_FACTOR_3>FADE_
FACTOR_2.

16. The non-transitory computer-readable storage
medium according to claim 15, wherein FADE_FACTOR _
3=0.5.

17. The non-transitory computer-readable storage
medium according to claim 15, wherein FADE_FACTOR _
1=0.75.

18. The non-transitory computer-readable storage
medium according to claim 15, wherein FADE_FACTOR _
2=0.25.



