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$301 Determine the initial high-frequency band signal of a currently dropped frame
5302 Determine the gain of the currently dropped frame
S303 Determine the gain adjustment information of the currently dropped frame, the gain

adjustment information comprising at least one of the following: type of frame, low-frequency

band signal spectrum tilt of the frame, low-frequency band signal energy of the frame and

(57) Abstract: Provided in an embodiment of the present in-
vention are a dropped frame processing method and device,
the method comprising: determining the initial high-fre-
quency band signal of a currently dropped frame; determin-
ing the gain of the currently dropped frame; determining the
gain adjustment information of the currently dropped frame,
the gain adjustment information comprising at least one of
the following: type of frame, low-frequency band signal
spectrum tilt of the frame, low-frequency band signal energy
of the frame and number of continuously dropped frames,
the number of continuously dropped frames being the num-
ber of frames continuously dropped previous to the currently
dropped frame; adjusting the gain of the currently dropped
frame according to the gain adjustment information to ob-
tain the adjusted gain of the currently dropped frame; and
adjusting an initial high-frequency band signal according to
the adjusted gain to obtain the high-frequency band signal of
the currently dropped frame. The dropped frame processing
method and device of the embodiment of the present inven-
tion are used to improve the performance of recovering the
dropped frames of audio signals.

67) THE.

number of continuously dropped frames, the number of continuously dropped frames being the

number of the frames continuously dropped previous to the currently dropped frame
S304 Adjust the gain of the currently dropped frame according to the gain adjustment
information to obtain the adjusted gain of the currently dropped frame

§305 Adjust an initial high-frequency band signal according to the adjusted gain to obtain the

high-frequency band signal of the currently dropped frame
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METHOD AND APPARATUS FOR PROCESSING LOST FRAME

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the field of communications technologies,

and in particular, to a method and an apparatus for processing a lost frame.

BACKGROUND

[0002] With development of communications technologies, users are requiring increasingly
higher quality voice calls, and methods for improving voice call quality are mainly increasing
bandwidth of a voice signal. If a conventional coding scheme is used for encoding to increase
bandwidth of a voice signal, a bit rate is greatly improved. However, the higher bit rate requires
larger network bandwidth to transmit the voice signal. Due to restriction of network bandwidth, it is
difficult to put into practice a method that increases voice signal bandwidth by increasing a bit rate.
[0003] Currently, in order to encode a voice signal with wider bandwidth when a bit rate is
unchanged or only changes slightly, bandwidth extension technologies are mainly used. Bandwidth
extension technologies include a time domain bandwidth extension technology and a frequency
domain bandwidth extension technology. In addition, in a process of transmitting a voice signal, a
packet loss rate is a key factor that affects quality of the voice signal. Therefore, how to recover a
lost frame as correctly as possible when a packet loss occurs, to make signal transition more natural
and more stable when a frame loss occurs is an important technology of voice signal transmission.
[0004] However, when a bandwidth extension technology is used, if a frame loss occurs in a
voice signal, an existing lost frame recovery method may cause discontinuous transition between a
recovered lost frame and frames before and after the recovered lost frame, which causes noise in the

voice signal.

SUMMARY

[0005] Embodiments of the present invention provide a method and an apparatus for processing
a lost frame, which are used to improve performance in recovery of a lost frame of an audio signal.
[0006] A first aspect provides a method for processing a lost frame of audio signal, including:

determining an initial high-band signal of a current lost frame;

1
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determining a gain of the current lost frame;

determining gain adjustment information of the current lost frame, wherein the gain
adjustment information is obtaine according to a low-band signal of the current lost frame and the
gain adjustment information includes at least one of the following:

a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of
a frame, and a quantity of consecutive lost frames, where the quantity of consecutive lost frames is
a quantity of consecutive frames that are lost until the current lost frame;

if the gain adjustment information meets a corresponding present condition, adjusting
the gain of the current lost frame according to the gain adjustment information with an adjustment
method corresponding to the present condition, to obtain an adjusted gain of the current lost frame;
and

adjusting the initial high-band signal according to the adjusted gain, to obtain a
high-band signal of the current lost frame.
[0007] With reference to the first aspect, in a first possible implementation manner of the first
aspect, the gain adjustment information includes a low-band signal energy of a frame, and the
adjusting the gain of the current lost frame according to the gain correction information, to obtain
an adjusted gain of the current lost frame includes:

obtaining an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of a previous frame of the current lost frame according to the low-band
signal energy of the current lost frame; and

adjusting the gain of the current lost frame according to the energy ratio of the low-band
signal energy of the current lost frame to the low-band signal energy of the previous frame of the
current lost frame, to obtain the adjusted gain of the current lost frame.
[0008] With reference to the first aspect, in a second possible implementation manner of the
first aspect, the gain adjustment information includes a class of a frame, a low-band signal spectral
tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the gain of the current lost frame according to the gain correction information, to
obtain an adjusted gain of the current lost frame includes:

when the quantity of consecutive lost frames is equal to 1, and

a class of the current lost frame is not unvoiced, the class of the current lost frame is not
unvoiced transition, a low-band signal spectral tilt of a previous frame of the current lost frame is
less than a first threshold, and an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset

interval,
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obtaining an energy ratio of a high frequency excitation energy of the previous frame of
the current lost frame to a high frequency excitation energy of the current lost frame according to
the low-band signal energy of the current lost frame; and

adjusting the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.
[0009] With reference to the first aspect, in a third possible implementation manner of the first
aspect, the gain adjustment information includes a class of a frame, a low-band signal spectral tilt of
a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and the
adjusting the gain of the current lost frame according to the gain correction information, to obtain
an adjusted gain of the current lost frame includes:

when the quantity of consecutive lost frames is equal to 1,

a class of the current lost frame is not unvoiced, the class of the current lost frame is not
unvoiced transition, a low-band signal spectral tilt of a previous frame of the current lost frame is
less than a first threshold, and an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and

a low-band signal spectral tilt of the current lost frame is greater than the low-band
signal spectral tilt of the previous frame of the lost frame,

adjusting the gain of the current lost frame according to a preset adjustment factor, to

obtain the adjusted gain of the current lost frame.
[0010] With reference to the first aspect, in a fourth possible implementation manner of the first
aspect, the gain adjustment information includes a class of a frame, a low-band signal spectral tilt of
a frame, and a quantity of consecutive lost frames, and the adjusting the gain of the current lost
frame according to the gain correction information, to obtain an adjusted gain of the current lost
frame includes:

when the quantity of consecutive lost frames is equal to 1, and

a class of the current lost frame is not unvoiced, a low-band signal spectral tilt of a
previous frame of the current lost frame is greater than a first threshold, and an energy ratio of a
low-band signal energy of the current lost frame to a low-band signal energy of the previous frame
of the current lost frame is within a preset interval,

obtaining an energy ratio of a high frequency excitation energy of the previous frame of
the current lost frame to a high frequency excitation energy of the current lost frame according to

the low-band signal energy of the current lost frame; and
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adjusting the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.
[0011] With reference to the first aspect, in a fifth possible implementation manner of the first
aspect, the gain adjustment information includes a quantity of consecutive lost frames, and the
adjusting the gain of the current lost frame according to the gain correction information, to obtain
an adjusted gain of the current lost frame includes:

obtaining an energy ratio of a high frequency excitation energy of a previous frame of
the current lost frame to a high frequency excitation energy of the current lost frame according to a
low-band signal energy of the current lost frame; and

when the quantity of consecutive lost frames is greater than 1 and the energy ratio of the
high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame,

adjusting the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.
[0012] With reference to the first aspect, in a sixth possible implementation manner of the first
aspect, the gain adjustment information includes a quantity of consecutive lost frames and a
low-band signal spectral tilt of a frame, and the adjusting the gain of the current lost frame
according to the gain correction information, to obtain an adjusted gain of the current lost frame
includes:

obtaining an energy ratio of a high frequency excitation energy of a previous frame of
the current lost frame to a high frequency excitation energy of the current lost frame according to a
low-band signal energy of the current lost frame; and

when the quantity of consecutive lost frames is greater than 1, the energy ratio of the
high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame, and the low-band signal spectral tilt of the current lost frame and a low-band signal spectral
tilt of the previous frame of the current lost frame are both greater than a second threshold,

adjusting the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

[0013] With reference to any one possible implementation manner of the first aspect to the sixth
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possible implementation manner of the first aspect, in a seventh possible implementation manner of
the first aspect, after the determining gain adjustment information of the current lost frame, the
method further includes:

determining an initial excitation adjustment factor, wherein the initial excitation
adjustment factor is obtained according to a subframe gain and a global gain of the lost frame;

adjusting the initial excitation adjustment factor according to the gain correction
information, to obtain an adjusted excitation adjustment factor; and

the adjusting the initial high-band signal according to the adjusted gain, to obtain a
high-band signal of the current lost frame includes:

adjusting an initial high-band excitation signal according to the adjusted excitation
adjustment factor, to obtain an adjusted high-band excitation signal;

adjusting the initial high-band signal according to the adjusted high-band excitation
signal and the adjusted gain, to obtain the high-band signal of the current lost frame.
[0014] With reference to the seventh possible implementation manner of the first aspect, in an
eighth possible implementation manner of the first aspect, the gain adjustment information includes
a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames,
and the adjusting the initial excitation adjustment factor according to the gain correction
information, to obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation
energy of the current lost frame is greater than a high frequency excitation energy of a previous
frame of the current lost frame, and

a class of the current lost frame is not unvoiced and a class of a last normally received
frame before the current lost frame is not unvoiced,

adjusting the initial excitation adjustment factor according to a low-band signal energy
of the previous frame of the current lost frame and a low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0015] With reference to the seventh possible implementation manner of the first aspect, in a
ninth possible implementation manner of the first aspect, the gain adjustment information includes a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous

frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame



13 Dec 2017

2015281722

wn

25

30

to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a class of the previous frame of the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0016] With reference to the seventh possible implementation manner of the first aspect, in a
tenth possible implementation manner of the first aspect, the gain adjustment information includes a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous
frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a class of a last normally received frame before the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0017] With reference to the seventh possible implementation manner of the first aspect, in an
eleventh possible implementation manner of the first aspect, the gain adjustment information
includes a low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of
consecutive lost frames, and the adjusting the initial excitation adjustment factor according to the
gain correction information, to obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous
frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a low-band signal spectral tilt of the previous frame of the current lost frame is greater
than a third threshold,

adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0018] With reference to the seventh possible implementation manner of the first aspect, in a

twelfth possible implementation manner of the first aspect, the gain adjustment information
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includes a low-band signal energy of a frame and a quantity of consecutive lost frames, and the
adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is greater than 1, and high frequency
excitation energy of the current lost frame is greater than a high frequency excitation energy of a
previous frame of the current lost frame,

adjusting the initial excitation adjustment factor according to a low-band signal energy
of the previous frame of the current lost frame and a low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0019] With reference to the seventh possible implementation manner of the first aspect, in a
thirteenth possible implementation manner of the first aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjusting the initial excitation adjustment factor according to the gain correction
information, to obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is greater than 1, a high frequency
excitation energy of the current lost frame is less than half a high frequency excitation energy of a
previous frame of the current lost frame, an energy ratio of a low-band signal energy of the current
lost frame to a low-band signal energy of the previous frame of the current lost frame is within a
preset interval, and a class of the previous frame of the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.
[0020] With reference to the seventh possible implementation manner of the first aspect, in a
fourteenth possible implementation manner of the first aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjusting the initial excitation adjustment factor according to the gain correction
information, to obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is greater than 1, a high frequency
excitation energy of the current lost frame is less than half a high frequency excitation energy of a
previous frame of the current lost frame, an energy ratio of a low-band signal energy of the current
lost frame to a low-band signal energy of the previous frame of the current lost frame is within a
preset interval, and a class of a last normally received frame before the current lost frame is
unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy
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of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.

[0021] With reference to the seventh possible implementation manner of the first aspect, in a
fifth possible implementation manner of the first aspect, the gain adjustment information includes a
low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive
lost frames, and the adjusting the initial excitation adjustment factor according to the gain
correction information, to obtain an adjusted excitation adjustment factor includes:

when the quantity of consecutive lost frames is greater than 1, a high frequency
excitation energy of the current lost frame is less than half a high frequency excitation energy of a
previous frame of the current lost frame, an energy ratio of a low-band signal energy of the current
lost frame to a low-band signal energy of the previous frame of the current lost frame is within a
preset interval, and a low-band signal spectral tilt of the previous frame of the current lost frame is
greater than a third threshold,

adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.

[0022] A second aspect provides an apparatus for processing a lost frame of an audio signal,
wherein the apparatus for processing a lost frame includes:

a determining module, configured to determine an initial high-band signal of a current
lost frame; determine a gain of the current lost frame; and determine gain adjustment information of
the current lost frame, wherein the gain adjustment information is obtained according to a low-band
signal of the current lost frame and the gain adjustment information includes at least one of the
following: a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of
a frame, and a quantity of consecutive lost frames, where the quantity of consecutive lost frames is
a quantity of consecutive frames that are lost until the current lost frame; and

an adjustment module, configured to adjust the gain of the current lost frame according
to the gain adjustment information if the gain adjustment information meets a corresponding preset
condition, to obtain an adjusted gain of the current lost frame; and adjust the initial high-band signal
according to the adjusted gain with an adjustment method corresponding to the present condition, to
obtain a high-band signal of the current lost frame.

[0023] With reference to the second aspect, in a first possible implementation manner of the
second aspect, the gain adjustment information includes a low-band signal energy of a frame, and
the adjustment module is specifically configured to obtain an energy ratio of a low-band signal

energy of the current lost frame to a low-band signal energy of a previous frame of the current lost
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frame according to the low-band signal energy of the current lost frame; and adjust the gain of the
current lost frame according to the energy ratio of the low-band signal energy of the current lost
frame to the low-band signal energy of the previous frame of the current lost frame, to obtain the
adjusted gain of the current lost frame.

[0024] With reference to the second aspect, in a second possible implementation manner of the
second aspect, the gain adjustment information includes a class of a frame, a low-band signal
spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is equal to 1, a class of the current lost frame is not unvoiced, the class of the current
lost frame is not unvoiced transition, a low-band signal spectral tilt of a previous frame of the
current lost frame is less than a first threshold, and an energy ratio of a low-band signal energy of
the current lost frame to a low-band signal energy of the previous frame of the current lost frame is
within a preset interval, obtain an energy ratio of a high frequency excitation energy of the previous
frame of the current lost frame to a high frequency excitation energy of the current lost frame
according to the low-band signal energy of the current lost frame; and adjust the gain of the current
lost frame according to the energy ratio of the high frequency excitation energy of the previous
frame of the current lost frame to the high frequency excitation energy of the current lost frame, to
obtain the adjusted gain of the current lost frame.

[0025] With reference to the second aspect, in a third possible implementation manner of the
second aspect, the gain adjustment information includes a class of a frame, a low-band signal
spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is equal to 1, a class of the current lost frame is not unvoiced, the class of the current
lost frame is not unvoiced transition, a low-band signal spectral tilt of a previous frame of the
current lost frame is less than a first threshold, and an energy ratio of a low-band signal energy of
the current lost frame to a low-band signal energy of the previous frame of the current lost frame is
within a preset interval, and a low-band signal spectral tilt of the current lost frame is greater than
the low-band signal spectral tilt of the previous frame of the lost frame, adjust the gain of the
current lost frame according to a preset adjustment factor, to obtain the adjusted gain of the current
lost frame.

[0026] With reference to the second aspect, in a fourth possible implementation manner of the
second aspect, the gain adjustment information includes a class of a frame, a low-band signal
spectral tilt of a frame, and a quantity of consecutive lost frames, and the adjustment module is

specifically configured to: when the quantity of consecutive lost frames is equal to 1, and a class of
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the current lost frame is not unvoiced, a low-band signal spectral tilt of a previous frame of the
current lost frame is greater than a first threshold, and an energy ratio of a low-band signal energy
of the current lost frame to a low-band signal energy of the previous frame of the current lost frame
is within a preset interval, obtain an energy ratio of a high frequency excitation energy of the
previous frame of the current lost frame to a high frequency excitation energy of the current lost
frame according to the low-band signal energy of the current lost frame; and adjust the gain of the
current lost frame according to the energy ratio of the high frequency excitation energy of the
previous frame of the current lost frame to the high frequency excitation energy of the current lost
frame, to obtain the adjusted gain of the current lost frame.

[0027] With reference to the second aspect, in a fifth possible implementation manner of the
second aspect, the gain adjustment information includes a quantity of consecutive lost frames, and
the adjustment module is specifically configured to: obtain an energy ratio of a high frequency
excitation energy of a previous frame of the current lost frame to a high frequency excitation energy
of the current lost frame according to a low-band signal energy of the current lost frame; and when
the quantity of consecutive lost frames is greater than 1 and the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame is greater than the gain of the current lost frame, adjust the gain of
the current lost frame according to the energy ratio of the high frequency excitation energy of the
previous frame of the current lost frame to the high frequency excitation energy of the current lost
frame, to obtain the adjusted gain of the current lost frame.

[0028] With reference to the second aspect, in a sixth possible implementation manner of the
second aspect, the gain adjustment information includes a quantity of consecutive lost frames and a
low-band signal spectral tilt of a frame, and the adjustment module is specifically configured to
obtain an energy ratio of a high frequency excitation energy of a previous frame of the current lost
frame to a high frequency excitation energy of the current lost frame according to a low-band signal
energy of the current lost frame; and when the quantity of consecutive lost frames is greater than 1,
the energy ratio of the high frequency excitation energy of the previous frame of the current lost
frame to the high frequency excitation energy of the current lost frame is greater than the gain of the
current lost frame, and the low-band signal spectral tilt of the current lost frame and a low-band
signal spectral tilt of the previous frame of the current lost frame are both greater than a second
threshold, adjust the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

[0029] With reference to any one possible implementation manner of the second aspect to the
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sixth possible implementation manner of the second aspect, in a seventh possible implementation
manner of the second aspect, the determining module is further configured to determine an initial
excitation adjustment factor; and

the adjustment module is further configured to adjust the initial excitation adjustment
factor according to the gain correction information, to obtain an adjusted excitation adjustment
factor, wherein the initial excitation adjustment factor is obtained according to a subframe gain and
a global gain of the lost frame; and adjust an initial high-band excitation signal according to the
adjusted excitation adjustment factor, to obtain an adjusted high-band excitation signal; and adjust
the initial high-band signal according to the adjusted high-band excitation signal and the adjusted
gain, to obtain the high-band signal of the current lost frame.
[0030] With reference to the seventh possible implementation manner of the second aspect, in
an eighth possible implementation manner of the second aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is equal to 1, a high frequency excitation energy of the current lost frame is greater than
a high frequency excitation energy of a previous frame of the current lost frame, a class of the
current lost frame is not unvoiced, and a class of a last normally received frame before the current
lost frame is not unvoiced, adjust the initial excitation adjustment factor according to the low-band
signal energy of the previous frame of the current lost frame and the low-band signal energy of the
current lost frame, to obtain the adjusted excitation adjustment factor.
[0031] With reference to the seventh possible implementation manner of the second aspect, in a
ninth possible implementation manner of the second aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is equal to 1, a high frequency excitation energy of the current lost frame is less than
half a high frequency excitation energy of a previous frame of the current lost frame, an energy ratio
of the frequency band signal energy of the current lost frame to a low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a class of the previous frame
of the current lost frame is unvoiced, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the current lost frame, to obtain the adjusted excitation adjustment factor.
[0032] With reference to the seventh possible implementation manner of the second aspect, in a
tenth possible implementation manner of the second aspect, the gain adjustment information

includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
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frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is equal to 1, a high frequency excitation energy of the current lost frame is less than
half a high frequency excitation energy of a previous frame of the current lost frame, an energy ratio
of a low-band signal energy of the current lost frame to a low-band signal energy of the previous
frame of the current lost frame is within a preset interval, and a class of a last normally received
frame before the current lost frame is unvoiced, adjust the initial excitation adjustment factor
according to the low-band signal energy of the previous frame of the current lost frame and the
low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment factor.
[0033] With reference to the seventh possible implementation manner of the second aspect, in
an eleventh possible implementation manner of the second aspect, the gain adjustment information

includes a low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of
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consecutive lost frames, and the adjustment module is specifically configured to: when the quantity
of consecutive lost frames is equal to 1, a high frequency excitation energy of the current lost frame
is less than half a high frequency excitation energy of a previous frame of the current lost frame, an
energy ratio of a low-band signal energy of the current lost frame to a low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a low-band signal spectral
tilt of the previous frame of the current lost frame is greater than a third threshold, adjust the initial
excitation adjustment factor according to the low-band signal energy of the previous frame of the
current lost frame and the low-band signal energy of the current lost frame, to obtain the adjusted
excitation adjustment factor.

[0034] With reference to the seventh possible implementation manner of the second aspect, in a
twelfth possible implementation manner of the second aspect, the gain adjustment information
includes a low-band signal energy of a frame and a quantity of consecutive lost frames, and the
adjustment module is specifically configured to: when the quantity of consecutive lost frames is
greater than 1, and high frequency excitation energy of the current lost frame is greater than a high
frequency excitation energy of a previous frame of the current lost frame, adjust the initial
excitation adjustment factor according to a low-band signal energy of the previous frame of the
current lost frame and a low-band signal energy of the current lost frame, to obtain the adjusted
excitation adjustment factor.

[0035] With reference to the seventh possible implementation manner of the second aspect, in a
thirteenth possible implementation manner of the second aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive
lost frames is greater than 1, a high frequency excitation energy of the current lost frame is less than
half a high frequency excitation energy of a previous frame of the current lost frame, an energy ratio
of a low-band signal energy of the current lost frame to a low-band signal energy of the previous
frame of the current lost frame is within a preset interval, and a class of the previous frame of the
current lost frame is unvoiced, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the current lost frame, to obtain the adjusted excitation adjustment factor.

[0036] With reference to the seventh possible implementation manner of the second aspect, in a
fourteenth possible implementation manner of the second aspect, the gain adjustment information
includes a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost
frames, and the adjustment module is specifically configured to: when the quantity of consecutive

lost frames is greater than 1, a high frequency excitation energy of the current lost frame is less than
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half a high frequency excitation energy of a previous frame of the current lost frame, an energy ratio
of a low-band signal energy of the current lost frame to a low-band signal energy of the previous
frame of the current lost frame is within a preset interval, and a class of a last normally received
frame before the current lost frame is unvoiced, adjust the initial excitation adjustment factor
according to the low-band signal energy of the previous frame of the current lost frame and the
low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment factor.
[0037] With reference to the seventh possible implementation manner of the second aspect, in a
fifteenth possible implementation manner of the second aspect, the gain adjustment information
includes a low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of
consecutive lost frames, and the adjustment module is specifically configured to: when the quantity
of consecutive lost frames is greater than 1, a high frequency excitation energy of the current lost
frame is less than half a high frequency excitation energy of a previous frame of the current lost
frame, an energy ratio of a low-band signal energy of the current lost frame to a low-band signal
energy of the previous frame of the current lost frame is within a preset interval, and a low-band
signal spectral tilt of the previous frame of the current lost frame is greater than a third threshold,
adjust the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

[0038] According to the method and the apparatus for processing a lost frame provided in the
embodiments of the present invention, when a frame loss occurs in audio data, a high-band signal of
a lost frame is adjusted according to a low-band signal of the lost frame, so that interframe variation
trends of high and low frequency bands of a recovered lost frame are consistent, and performance of

lost frame recovery is improved.

BRIEF DESCRIPTION OF DRAWINGS

[0039] To describe the technical solutions in the embodiments of the present invention or in the
prior art more clearly, the following briefly introduces the accompanying drawings required for
describing the embodiments or the prior art. Apparently, the accompanying drawings in the
following description show some embodiments of the present invention, and a person of ordinary
skill in the art may still derive other drawings from these accompanying drawings without creative
efforts.

[0040] FIG. 1 is a principle diagram of encoding an audio signal by using a time domain
bandwidth extension technologys;

[0041] FIG. 2 is a principle diagram of decoding an audio signal by using a time domain
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bandwidth extension technologys;

[0042] FIG. 3 is a flowchart of Embodiment 1 of a method for processing a lost frame
according to an embodiment of the present invention;

[0043] FIG. 4 is a flowchart of Embodiment 2 of the method for processing a lost frame
according to an embodiment of the present invention;

[0044] FIG. 5 is a flowchart of Embodiment 3 of the method for processing a lost frame
according to an embodiment of the present invention;

[0045] FIG. 6 is a flowchart of Embodiment 4 of a method for processing a lost frame
according to an embodiment of the present invention;

[0046] FIG. 7 is a flowchart of Embodiment 5 of the method for processing a lost frame
according to an embodiment of the present invention;

[0047] FIG. 8 is a flowchart of Embodiment 6 of the method for processing a lost frame
according to an embodiment of the present invention;

[0048] FIG. 9 is a flowchart of Embodiment 7 of a method for processing a lost frame
according to an embodiment of the present invention;

[0049] FIG. 10 is a flowchart of Embodiment § of the method for processing a lost frame
according to an embodiment of the present invention; and

[0050] FIG. 11 is a schematic structural diagram of an apparatus for processing a lost frame

according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0051] To make the objectives, technical solutions, and advantages of the embodiments of the
present invention clearer, the following clearly and completely describes the technical solutions in
the embodiments of the present invention with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the described embodiments are a part rather than
all of the embodiments of the present invention. All other embodiments obtained by a person of
ordinary skill in the art based on the embodiments of the present invention without creative efforts
shall fall within the protection scope of the present invention.

[0052] Currently, in order to encode a voice signal with wider bandwidth when a bit rate is
unchanged or only changes slightly, bandwidth extension technologies are mainly used. A principle
of a bandwidth extension technology is: A transmit end divides a signal into a high-band part and a
low-band part, where the low-band part is encoded by using an encoder, and for the high-band part,
only partial information and information such as related parameters of high and low frequency

bands are extracted. A receive end recovers an entire voice signal according to a signal of the
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low-band part, related information of the high-band part, and the related parameters of the high and
low frequency bands.

[0053] Generally, in a bandwidth extension technology, when a frame loss occurs during
transmission of a voice signal, information about the first N frames (N is greater than or equal to 1)
of a lost frame is used to recover the lost frame. A low-band part of the lost frame may be recovered
according to low-band information of a previous frame of the lost frame, and a high-band part of the
lost frame is recovered according to a global gain factor and a subframe gain attenuation factor of
the voice signal. However, both the global gain factor and the subframe gain attenuation factor are
obtained based on encoding of a high-band part of an original voice signal by an encoder, and a
low-band part of the original voice signal is not used for lost frame recovery processing of the
high-band part. However, when a frame loss occurs, if a low-band energy variation trend of the lost
frame is inconsistent with a high-band energy variation trend, discontinuous energy transition
between a recovered frame and frames before and after the recovered frame is caused, which causes
noise in the voice signal.

[0054] FIG. 1 is a principle diagram of encoding an audio signal by using a time domain
bandwidth extension technology, and FIG. 2 is a principle diagram of decoding an audio signal by
using a time domain bandwidth extension technology. As shown in FIG. 1 and FIG. 2, at an encoder,
first, the encoder collects an audio signal 101, where the audio signal 101 includes a low-band part
and a high-band part. The low-band part and the high-band part are relative concepts. As long as the
audio signal is divided into a part from 0 Hz to W1 Hz and a part from W1 Hz to W2 Hz according
to frequencies, the part from 0 Hz to W1 Hz is the low-band part, and the part from W1 Hz to W2
Hz is the high-band part. For example, for an audio signal with an 8 kHz sampling frequency, a part
from 0 kHz to 4 kHz may be used as a low-band part, and a part from 4 kHz to 8 kHz may be used
as a high-band part; for an audio signal with a 16 kHz sampling frequency, a part from 0 kHz to 6
kHz may be used as a low-band part, and a part from 6 kHz to 16 kHz may be used as a high-band
part. Then, the encoder obtains parameters of the low-band part of the audio signal 101 through
calculation. These parameters include a pitch period, an algebraic code number, a gain, and the like
of the audio signal 101, and may include one or more of the foregoing. For ease of description of
the technical solutions of the present invention, an encoding parameter 102 is used generally to
represent the parameters. It may be understood that, the encoding parameter 102 is only an example
used to help understand the embodiments of the present invention, but does not mean a specific
limitation to the parameter used by the encoder. For the high-band part of the audio signal 101, the
encoder performs linear predictive coding (Linear Predictive Coding, LPC) on the high-band part,
to obtain a high-band LPC coefficient 103. A high-band excitation signal 104 is obtained through
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calculation according to the encoding parameter 102, the high-band LPC coefficient 103 is used as a
filtering coefficient of an LPC synthesis filter, the high-band excitation signal 104 is synthesized
into a high-band signal by using the LPC synthesis filter, and an original high-band part of the audio
signal 101 and the synthesized high-band signal are compared to obtain a subframe gain (SubGain)
105 and a global gain (FramGain) 106. The global gain 106 is obtained by comparing an energy of
an original high-band part of each frame of the audio signal 101 with an energy of the synthesized
high-band signal, and the subframe gain 105 is obtained by comparing an energy of original
high-band parts of subframes of each frame of the audio signal 101 with an energy of the
synthesized high-band signal. The LPC coefficient 103 is converted into a linear spectral {frequency
(Linear Spectral Frequency, LSF) parameter 107, and the LSF parameter 107, the subframe gain
105, and the global gain 106 are encoded after being quantized. Finally, the encoder obtains an
encoded stream 108 according to the encoding parameter 102, the encoded LSF parameter 107, the
encoded subframe gain 105, and the encoded global gain 106, and sends the encoded stream 108 to
a decoder.

[0055] At the decoder, the decoder decodes the received encoded stream 108 to obtain
parameters such as a pitch period, an algebraic code number, a gain, and the like of a voice signal,
that is, the encoding parameter 102, and the decoder decodes and dequantizes the received encoded
stream 108, to obtain the LSF parameter 107, the subframe gain 105, and the global gain 106, and
converts the LSF parameter107 into the LPC coefficient 103. The high-band excitation signal 104 is
obtained through calculation according to the encoding parameter 102, the LPC parameter 103 is
used as a filtering coefficient of an LPC synthesis filter, the high-band excitation signal 104 is
synthesized into a high-band signal by using the LPC synthesis filter, and the synthesized high-band
signal is recovered to the high-band part of the audio signal 101 by means of adjustment of the
subframe gain 105 and global gain 106, the low-band part of the audio signal 101 is obtained
through decoding according to the encoding parameter 102, and the high-band part and the
low-band part of the audio signal 101 are synthesized to obtain the original audio signal 101.

[0056] When a frame loss occurs during transmission of an audio signal, an encoding parameter
and an LSF parameter of the lost frame are estimated according to an encoding parameter and an
LSF parameter of a previous frame of the lost frame (for example, the encoding parameter and the
LSF parameter of the previous frame of the lost frame are directly used as the encoding parameter
and the LSF parameter of the lost frame), and a global gain and a subframe gain of the lost frame
are estimated according to a global gain, a subframe gain, and an encoding type of the previous
frame of the lost frame. In this way, the encoding parameter of the estimated lost frame may be

decoded to recover a low-band part of the lost frame; and a high-band excitation signal of the lost
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frame is recovered according to the estimated encoding parameter, a high-band part of the lost
frame is recovered according to the global gain and the subframe gain of the estimated lost frame,
and the recovered low-band part and high-band part are synthesized into a signal of the lost frame.
[0057] As can be known according to the encoding and decoding principles of an audio signal
shown in FIG. 1 and FIG. 2, the encoding parameter of the previous frame of the lost frame is used
to recover the low-band part of the lost frame, the encoding parameter of the previous frame of the
lost frame is directly obtained through encoding according to the low-band part of the previous
frame of the lost frame, and the low-band part of the lost frame may be desirably recovered
according to the encoding parameter. The global gain, the subframe gain, and the encoding type of
the previous frame of the lost frame are used to recover the high-band part of the lost frame, and
because the global gain and the subframe gain of the previous frame of the lost frame are obtained
by means of processing such as encoding or computation, an error may occur in the recovered
high-band part of the lost frame.

[0058] In a possible solution, a method for recovering the high-band part of the lost frame is to
adjust a global gain factor and a subframe gain attenuation factor, and multiply the global gain
factor and the subframe gain attenuation factor of the previous frame of the lost frame by a fixed
attenuation factor and use the products as the global gain factor and the subframe gain attenuation
factor of the lost frame.

[0059] In another possible solution, the global gain factor and the subframe gain attenuation
factor of the lost frame are adaptively estimated by using an encoding type of the previous frame of
the lost frame, an encoding type of a last normal frame before a frame loss occurs, a quantity of
consecutive lost frames, and a global gain factor and a subframe gain attenuation factor of the
previous frame of the lost frame. The global gain factor and the subframe gain attenuation factor are
parameters related to a global gain and a subframe gain. High-band information and low-band
information of the previous frame of the lost frame are used for initial recovery of a high-band part
of a lost frame, and when the initially recovered high-band part of the lost frame is adjusted, only
the high-band information of the previous frame of the lost frame is involved; when energy
variation trends of the high-band part and the low-band part of the lost frame are inconsistent, the
recovered lost frame causes discontinuous transition in an entire audio signal, which causes noise.
[0060] Embodiments of the present invention provide a method and an apparatus for processing
a lost frame. On the basis of using a high-band part of an audio signal to recover a lost frame in the
prior art, a gain and high frequency excitation of the lost frame are further adjusted according to a
low-band part of the audio signal, so that variation trends of high and low frequency bands of a

recovered lost frame are consistent, and performance of lost frame processing is improved.
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[0061] FIG. 3 is a flowchart of Embodiment 1 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 3, the method in this
embodiment includes the following steps.

[0062] Step S301: Determine an initial high-band signal of a current lost frame.

[0063] Specifically, the method for processing a lost frame provided in this embodiment is
applied to a receive end of an audio signal. First, the receive end of the audio signal receives audio
data sent by a transmit end, where the audio data received by the receive end may be in a form of a
data stream, or may be in a form of a data packet. When a frame loss occurs in the audio data
received by the receive end, the receive end may detect the lost frame. The method for the receive
end to determine whether a frame loss occurs in the received audio data may be any one method in
the prior art. For example, a flag bit is set in each frame of the audio data, and the flag bit is O in a
normal case. When a frame loss occurs, the flag bit is set to 1. When receiving the audio data, the
receive end detects the flag bit in each frame, and when detecting that the flag bit is 1, the receive
end may determine that a frame loss occurs. In another possible method, for example, frames of the
audio data may be numbered sequentially, and if a sequence number of a current frame received by
a decoder is not successive to a number of a previous received frame, it can be determined that a
frame loss occurs. This embodiment does not limit the method for determining whether a frame loss
occurs in received audio data.

[0064] After it is determined that a frame lost occurs in an audio signal, the lost frame needs to
be recovered. The lost frame of the audio signal may be divided into a low-band signal part and a
high-band signal part. First, low-band information of a previous frame of the current lost frame is
used to recover low-band information of the current lost frame. Specifically, an encoding parameter
of the current lost frame is estimated according to an encoding parameter of the previous frame of
the current lost frame, to estimate the low-band part of the current lost frame. It may be understood
that, herein the previous frame of the lost frame may be a normally received frame, or may be a
frame recovered according to a normally received frame. Then, a high-band excitation signal of the
current lost frame is recovered according to the estimated encoding parameter of the current lost
frame, a global gain and a subframe gain of the current lost frame are estimated according to a
global gain, a subframe gain, and an encoding type of the previous frame of the current lost frame,
and a high-band signal of the current lost frame is recovered according to the estimated global gain
and subframe gain of the current lost frame.

[0065] The high-band signal of the current lost frame that is recovered according to the
foregoing method is referred to as an initial high-band signal, and the following steps in this

embodiment are adjusting the initial high frequency signal, to recover a more accurate high-band
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signal of the current lost frame.

[0066] Step S302: Determine a gain of the current lost frame.

[0067] Specifically, as can be known from step S301, the global gain and the subframe gain of
the current lost frame may be estimated according to the global gain, the subframe gain, and the
encoding type of the previous frame of the current lost frame. This embodiment is to adjust the
high-band signal of the current lost frame, and the subframe gain directly affects the current lost
frame; therefore, the gain of the current lost frame in this step and this embodiment is the subframe
gain of the current lost frame.

[0068] Step S303: Determine gain adjustment information of the current lost frame, where the
gain adjustment information includes at least one of the following: a class of a frame, a low-band
signal spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive
lost frames, where the quantity of consecutive lost frames is a quantity of consecutive frames that
are lost until the current lost frame.

[0069] Specifically, this embodiment is to adjust the high-band signal of the current lost frame,
and the high-band signal is obtained according to the high-band excitation signal and the gain;
therefore, by adjusting the gain of the lost frame, the objective of adjusting the high-band signal of
the current lost frame can be achieved. Gain adjustment information needs to be used to adjust the
gain, where the gain adjustment information may include at least one of the following: a class of a
frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a frame, and a quantity
of consecutive lost frames.

[0070] The class of the frame may be obtained according to the encoding type of the previous
frame of the current lost frame, and both the class of the frame and encoding type information are
carried in the low-band signal part of the frame. The quantity of consecutive lost frames is a
quantity of consecutive frames that are lost until the current lost frame.

[0071] An encoding type before a frame loss may refer to an encoding mode before a current
frame loss event occurs. Generally, in order to achieve better encoding performance, an encoder
may classify signals before encoding the signals, to select a suitable encoding mode. Currently, the
encoding mode may include: an inactive frame encoding mode (INACTIVE mode), an unvoiced
frame encoding mode (UNVOICED mode), a voiced frame encoding mode (VOICED mode), a
generic frame encoding mode (GENERIC mode), a ftransition frame encoding mode
(TRANSITION mode), and an audio frame encoding mode (AUDIO mode).

[0072] A class of the last frame received before a frame loss may refer to a class of the latest
frame received by the decoder before this frame loss event occurs. For example, assuming the

encoder sends four frames to the decoder, where the decoder correctly receives the first frame and
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the second frame, but the third frame and the fourth frame are lost, the last frame received before
the frame loss may refer to the second frame. Generally, the class of the frame may include: (1) a
frame ended with one of the several features: unvoiced, inactive, noise, or voiced
(UNVOICED_CLAS frame); (2) a frame with transition from an unvoiced consonant to a voiced
consonant, and started with a relatively weak unvoiced consonant (UNVOICED_TRANSITION
frame); (3) a frame with transition after a voiced consonant, where a voiced feature is quite weak
(VOICED_TRANSITION frame); (4) a frame with a voiced feature, whose previous frames are
voiced frames or frames starting with a voiced consonant (VOICED_CLAS frame); (5) a frame
starting with an obvious voiced consonant (ONSET frame); (6) a frame starting with a mixture of
harmonic and noise (SIN_ONSET frame); and (7) an inactive feature frame (INACTIVE_CLAS
frame).

[0073] The quantity of consecutive lost frames may refer to a quantity of consecutive frames
lost in this frame loss event until the current lost frame is lost. In fact, the quantity of consecutive
lost frames may indicate which frame of the consecutive lost frames the current lost frame is. For
example, the encoder sends five frames to the decoder, and the decoder correctly receives the first
frame and the second frame, but the third to the fifth frames are lost. If the current lost frame is the
fourth frame, the quantity of consecutive lost frames is 2; and if the current lost frame is the fifth
frame, the quantity of consecutive lost frames is 3.

[0074] The gain adjustment information including a class of a frame, a low-band signal spectral
tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames are
obtained according to the low-band signal of the frame; therefore, in this embodiment, the gain of
the frame is adjusted by using the low-band signal part of the signal.

[0075] Step S304: Adjust the gain of the current lost frame according to the gain adjustment
information, to obtain an adjusted gain of the current lost frame.

[0076] Specifically, the gain of the current lost frame may be adjusted according to the gain
adjustment information. A specific adjustment method may be preset at a decoder of an audio signal,
after determining the gain adjustment information, the decoder determines whether the gain
adjustment information meets a corresponding preset condition, and if the corresponding preset
condition is met, adjusts the gain of the current lost frame according to the adjustment method
corresponding to the preset condition, and finally, obtains the adjusted gain of the current lost
frame.

[0077] Step S305: Adjust the initial high-band signal according to the adjusted gain, to obtain a
high-band signal of the current lost frame.

[0078] Specifically, the initial high-band signal may be adjusted according to the adjusted gain,
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to obtain an adjusted high-band signal, that is, the high-band signal of the current lost frame.
Generally, the high-band signal is a product of the high-band excitation signal and the gain;
therefore, the high-band signal of the current lost frame may be obtained by multiplying the
adjusted gain by the initial high-band signal.

[0079] Further, the high-band signal of the current lost frame that is obtained in step S305 and
the low-band signal of the current lost frame that is recovered by using the encoding parameter of
the previous frame of the current lost frame may be synthesized, to obtain the current lost frame,
thereby completing recovery processing for the current lost frame. Because during recovery of the
current lost frame, in addition to the recovery of the current lost frame by using a related parameter
obtained by using the high-band signal, the receive end further recovers the current lost frame by
using the low-band signal, so that interframe variation trends of high and low frequency bands of
the recovered current lost frame are consistent, and performance of lost frame recovery is improved.
[0080] In this embodiment, when a frame loss occurs in audio data, the high-band signal of the
lost frame is adjusted according to the low-band signal of the lost frame, so that interframe variation
trends of high and low frequency bands of the recovered lost frame are consistent, and performance
of lost frame recovery is improved.

[0081] A specific method for adjusting the gain of the current lost frame according to the gain
adjustment information to obtain an adjusted gain of the current lost frame in the foregoing step
S304 may be preset at the receive end of the audio signal. The following uses specific embodiments
to further describe the method for adjusting the gain of the current lost frame according to the gain
adjustment information.

[0082] FIG. 4 is a flowchart of Embodiment 2 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 4, the method in this
embodiment includes the following steps.

[0083] Step S401: Obtain an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of a previous frame of the current lost frame according to the low-band
signal energy of the current lost frame.

[0084] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes the low-band signal energy of a frame. When the gain of the current lost frame
is adjusted according to the gain adjustment information, the energy ratio of the low-band signal
energy of the current lost frame to the low-band signal energy of the previous frame of the current
lost frame is first acquired. The low-band signal energy of the current lost frame may be obtained
according to the recovered low-band signal of the current lost frame, and the low-band signal

energy of the previous frame of the current lost frame may also be obtained according to the

21



10

15

20

25

30

low-band signal energy of the previous frame of the current lost frame.

[0085] Step S402: Adjust the gain of the current lost frame according to the energy ratio of the
low-band signal energy of the current lost frame to the low-band signal energy of the previous
frame of the current lost frame, to obtain an adjusted gain of the current lost frame.

[0086] Specifically, the energy ratio of the low-band signal energy of the current lost frame to
the low-band signal energy of the previous frame of the current lost frame reflects a variation trend
of the low-band signal energy of the current lost frame; therefore, the gain of the current lost frame
is adjusted according to the energy ratio of the low-band signal energy of the current lost frame to
the low-band signal energy of the previous frame of the current lost frame, and the obtained
adjusted gain reflects a variation trend of the low-band signal of the current lost frame. Therefore,
adjustment of the high-band signal of the current lost frame by using the adjusted gain obtained in
this embodiment can make interframe variation trends of high and low frequency bands of the
current lost frame consistent, and improve performance of lost frame recovery.

[0087] FIG. 5 is a flowchart of Embodiment 3 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 5, the method in this
embodiment includes the following steps.

[0088] Step S501: When the quantity of consecutive lost frames is equal to 1, a class of the
current lost frame is not unvoiced, the class of the current lost frame is not unvoiced transition, a
low-band signal spectral tilt of a previous frame of the current lost frame is less than a first
threshold, and an energy ratio of a low-band signal energy of the current lost frame to a low-band
signal energy of the previous frame of the current lost frame is within a preset interval, obtain an
energy ratio of the high frequency excitation energy of the current lost frame to the high frequency
excitation energy of the previous frame of the current lost frame according to the low-band signal
energy of the current lost frame.

[0089] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal
energy of a frame, and a quantity of consecutive lost frames. When the gain of the current lost
frame is adjusted according to the gain adjustment information, it is determined first whether the
gain adjustment information meets the following conditions: the quantity of consecutive lost frames
is equal to 1, the class of the current lost frame is not unvoiced (UNVOICED_CLAS), the class of
the current lost frame is not unvoiced transition (UNVOICED_TRANSITION), the low-band signal
spectral tilt of the previous frame of the current lost frame is less than a first threshold, and the
energy ratio of the low-band signal energy of the current lost frame to the low-band signal energy of

the previous frame of the current lost frame is within a preset interval.
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[0090] The low-band signal spectral tilt is a slope of a low-band signal spectrum, and the first
threshold may be a preset value. For example, the first threshold in this embodiment may be set to 8.
The meaning that the low-band signal spectral tilt of the previous frame of the current lost frame is
less than a first threshold lies in that the low-band signal of the previous frame of the current lost
frame cannot change excessively fast lest precision of correcting the gain of the current lost frame
by using the low-band signal is reduced. The meaning that the energy ratio of the low-band signal
energy of the current lost frame to the low-band signal energy of the previous frame of the current
lost frame is within a preset interval lies in that the difference between the low-band signal energy
of the current lost frame and the low-band signal energy of the previous frame of the current lost
frame cannot be excessively large lest precision of correcting the current lost frame is affected. The
preset interval may be generally so set that the low-band signal energy of the current lost frame is
greater than half the low-band signal energy of the previous frame of the current lost frame, and the
low-band signal energy of the current lost frame is less than two times the low-band signal energy
of the previous frame of the current lost frame. In addition, a determining condition further needs to
be added that the low-band signal spectral tilt of the current lost frame is less than or equal to the
low-band signal spectral tilt of the previous frame of the current lost frame.

[0091] Step S502: Adjust the gain of the current lost frame according to the energy ratio of the
high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame, to obtain an adjusted gain of the current lost
frame.

[0092] Specifically, if it is determined that the gain adjustment information meets the condition
in step S501, the gain of the current lost frame is adjusted according to the energy ratio of the high
frequency excitation energy of the current lost frame to the high frequency excitation energy of the
previous frame of the current lost frame. Let prev_ener_ratio denote a ratio of the high frequency
excitation energy of the previous frame of the lost frame to the high frequency excitation energy
ratio of the lost frame. In this case, the gain of the current lost frame is adjusted again according to a
relationship between prev_ener_ratio and the gain of the current lost frame. For example, in this
embodiment, let the gain of the current lost frame be G, and the adjusted gain of the current lost
frame be G'. When prev_ener_ratio is greater than four times G, G'=0.4xprev_ener_ratio+0.6xG;
when prev_ener ratio is greater than two times G but less than or equal to four times G,
G'=0.8xprev_ener_ratio+0.2xG; and when prev_ener ratio is less than or equal to two times G,
G'=0.2xprev_ener_ratio+0.8xG.

[0093] FIG. 6 is a flowchart of Embodiment 4 of the method for processing a lost frame

according to an embodiment of the present invention. As shown in FIG. 6, the method in this
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embodiment includes the following steps.

[0094] Step S601: Determine that the quantity of consecutive lost frames is equal to 1, that a
class of the current lost frame is not unvoiced, that the class of the current lost frame is not
unvoiced transition, that a low-band signal spectral tilt of a previous frame of the current lost frame
is less than a first threshold, that an energy ratio of a low-band signal energy of the current lost
frame to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and that a low-band signal spectral tilt of the current lost frame is greater than the low-band
signal spectral tilt of the previous frame of the lost frame.

[0095] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal
energy of a frame, and a quantity of consecutive lost frames. When the gain of the current lost
frame is adjusted according to the gain adjustment information, it is determined first whether the
gain adjustment information meets the following conditions: the quantity of consecutive lost frames
is equal to 1, the class of the current lost frame is not unvoiced (UNVOICED_CLAS), the class of
the current lost frame is not unvoiced transition (UNVOICED_TRANSITION), the low-band signal
spectral tilt of the previous frame of the current lost frame is less than a first threshold, and the
energy ratio of the low-band signal energy of the current lost frame to the low-band signal energy of
the previous frame of the current lost frame is within a preset interval.

[0096] The low-band signal spectral tilt is a slope of a low-band signal spectrum, and the first
threshold may be a preset value. For example, the first threshold in this embodiment may be set to 8.
The meaning that the low-band signal spectral tilt of the previous frame of the current lost frame is
less than a first threshold lies in that the low-band signal of the previous frame of the current lost
frame cannot change excessively fast lest precision of correcting the gain of the current lost frame
by using the low-band signal is reduced. The meaning that the energy ratio of the low-band signal
energy of the current lost frame to the low-band signal energy of the previous frame of the current
lost frame is within a preset interval lies in that the difference between the low-band signal energy
of the current lost frame and the low-band signal energy of the previous frame of the current lost
frame cannot be excessively large lest precision of correcting the current lost frame is affected. The
preset interval may be generally so set that the low-band signal energy of the current lost frame is
greater than half the low-band signal energy of the previous frame of the current lost frame, and the
low-band signal energy of the current lost frame is less than two times the low-band signal energy
of the previous frame of the current lost frame. In addition, a determining condition further needs to
be added that a low-band signal spectral tilt of the current lost frame is greater than a low-band

signal spectral tilt of the previous frame of the current lost frame.
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[0097] Step S602: Adjust the gain of the current lost frame according to a preset adjustment
factor, to obtain an adjusted gain of the current lost frame.

[0098] Specifically, if it is determined that the gain adjustment information meets the condition
in step S601, the gain of the current lost frame is adjusted according to a preset adjustment factor.
G=Gxf , where { is a preset adjustment factor, and f is equal to a ratio of the low-band signal
spectral tilt of the current lost frame to the low-band signal spectral tilt of the previous frame of the
current lost frame.

[0099] FIG. 7 is a flowchart of Embodiment 5 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 7, the method in this
embodiment includes the following steps.

[0100] Step S701: When the quantity of consecutive lost frames is equal to 1, and a class of the
current lost frame is not unvoiced, a low-band signal spectral tilt of a previous frame of the current
lost frame is greater than a first threshold, and an energy ratio of a low-band signal energy of the
current lost frame to a low-band signal energy of the previous frame of the current lost frame is
within a preset interval, obtain an energy ratio of a high frequency excitation energy of the previous
frame of the current lost frame to a high frequency excitation energy of the current lost frame
according to the low-band signal energy of the current lost frame.

[0101] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes a class of a frame, a low-band signal spectral tilt of a frame, and a quantity of
consecutive lost frames. When the gain of the current lost frame is adjusted according to the gain
adjustment information, it is determined first whether the gain adjustment information meets the
following conditions: the quantity of consecutive lost frames is equal to 1, the class of the current
lost frame is not unvoiced, the low-band signal spectral tilt of the previous frame of the current lost
frame is greater than a first threshold, and the energy ratio of the low-band signal energy of the
current lost frame to the low-band signal energy of the previous frame of the current lost frame is
within a preset interval.

[0102] The low-band signal spectral tilt is a slope of a low-band signal spectrum, and the first
threshold may be a preset value. For example, the first threshold in this embodiment may be set to 8.
The meaning that the low-band signal spectral tilt of the previous frame of the current lost frame is
greater than a first threshold lies in that the low-band signal of the previous frame of the current lost
frame changes relatively fast; in this case, a weight of correcting the gain of the current lost frame
by using the low-band signal is reduced. The meaning that the energy ratio of the low-band signal
energy of the current lost frame to the low-band signal energy of the previous frame of the current

lost frame is within a preset interval lies in that the difference between the low-band signal energy
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of the current lost frame and the low-band signal energy of the previous frame of the current lost
frame cannot be excessively large lest precision of correcting the current lost frame is affected. The
preset interval may be generally set as that the low-band signal energy of the current lost frame is
greater than half the low-band signal energy of the previous frame of the current lost frame, and the
low-band signal energy of the current lost frame is less than two times the low-band signal energy
of the previous frame of the current lost frame.

[0103] Step S702: Adjust the gain of the current lost frame according to the energy ratio of the
high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame, to obtain an adjusted gain of the current lost
frame.

[0104] Specifically, if it is determined that the gain adjustment information meets the condition
in step S701, the gain of the current lost frame is adjusted according to the energy ratio of the high
frequency excitation energy of the current lost frame to the high frequency excitation energy of the
previous frame of the current lost frame. For example, in this embodiment,
G'=0.2xprev_ener_ratio+0.8xG.

[0105] FIG. 8 is a flowchart of Embodiment 6 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 8, the method in this
embodiment includes the following steps.

[0106] Step S801: Obtain an energy ratio of a high frequency excitation energy of a previous
frame of the current lost frame to a high frequency excitation energy of the current lost frame
according to the low-band signal energy of the current lost frame.

[0107] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes the quantity of consecutive lost frames. First, the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame is obtained according to the low-band signal energy of
the current lost frame.

[0108] Step S802: When the quantity of consecutive lost frames is greater than 1, and the
energy ratio of the high frequency excitation energy of the previous frame of the current lost frame
to the high frequency excitation energy of the current lost frame is greater than the gain of the
current lost frame, adjust the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.
[0109] Specifically, when the gain of the current lost frame is adjusted according to the gain

adjustment information, it is determined first whether the gain adjustment information meets the
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following conditions: the quantity of consecutive lost frames is greater than 1, and the energy ratio
of the high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame. Moreover, another condition further needs to be determined: whether the low-band signal
spectral tilt of the current lost frame and a low-band signal spectral tilt of the previous frame of the
current lost frame are both less than or equal to a second threshold, where the second threshold may
be a preset threshold, for example, 10. If the foregoing conditions are all met, the gain of the current
lost frame is adjusted according to the energy ratio of the high frequency excitation energy of the
previous frame of the current lost frame to the high frequency excitation energy of the current lost
frame. For example, when prev_ener_ratio>4G, G'=min((0.5xprev_ener_ratio+0.5xG),4xG), which
indicates that G' is equal to a lesser one of 0.5xprev_ener_ratio+0.5xG and 4xG; and when
4G>prev_ener_ratio>G, 0.8xprev_ener_ratio+0.2xG.

[0110] FIG. 9 is a flowchart of Embodiment 7 of the method for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 9, the method in this
embodiment includes the following steps.

[0111] Step S901: Obtain an energy ratio of a high frequency excitation energy of a previous
frame of the current lost frame to a high frequency excitation energy of the current lost frame
according to the low-band signal energy of the current lost frame.

[0112] Specifically, this embodiment is a further description of step S304. The gain adjustment
information includes a quantity of consecutive lost frames and the low-band signal spectral tilt of a
frame. First, the energy ratio of the high frequency excitation energy of the previous frame of the
current lost frame to the high frequency excitation energy of the current lost frame is obtained
according to the low-band signal energy of the current lost frame.

[0113] Step S902: When the quantity of consecutive lost frames is greater than 1, the energy
ratio of the high frequency excitation energy of the previous frame of the current lost frame to the
high frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame, and the low-band signal spectral tilt of the current lost frame and a low-band signal spectral
tilt of the previous frame of the current lost frame are both greater than a second threshold, adjust
the gain of the current lost frame according to the energy ratio of the high frequency excitation
energy of the previous frame of the current lost frame to the high frequency excitation energy of the
current lost frame, to obtain the adjusted gain of the current lost frame.

[0114] Specifically, when the gain of the current lost frame is adjusted according to the gain
adjustment information, it is determined first whether the gain adjustment information meets the

following conditions: the quantity of consecutive lost frames is greater than 1 and the energy ratio
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of the high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame. Moreover, another condition further needs to be determined: whether the low-band signal
spectral tilt of the current lost frame and a low-band signal spectral tilt of the previous frame of the
current lost frame are both greater than a second threshold, where the second threshold may be a
preset threshold, for example, 10. If the foregoing conditions are all met, the gain of the current lost
frame is adjusted according to the energy ratio of the high frequency excitation energy of the
previous frame of the current lost frame to the high frequency excitation energy of the current lost
frame. For example, when prev_ener_ratio>4G, G'=min((0.8xprev_ener_ratio+0.2xG),4xG), which
indicates that G' is equal to a lesser one of 0.8xprev_ener_ratio+0.2xG and 4xG; and when
4G>prev_ener_ratio>G, 0.5xprev_ener_ratio+0.5xG.
[0115] On a Windows 7 platform, a Microsoft Visual Studio 2008 compilation environment is
used, and the method for processing a lost frame in the embodiments shown in FIG. 5 to FIG. 9
may be implemented by using the following code:
if( st->nbLostCmpt ==1)
{
prev_ener_ratio = st->prev_ener_shb/ener;
if( st->clas_dec = UNVOICED_CLAS && st->clas_dec !=
UNVOICED_TRANSITION &&st->tilt_swb_fec < 8.0 &&
((st->enerLL > 0.5f*st->prev_enerLL && st->enerLL <
2.0f*st->prev_enerLL)Il (st->enerLH > 0.5{*st->prev_enerLH &&
st->enerLH < 2.0f*st->prev_enerLH)))

{
if( prev_ener_ratio > 4.0f * GainFrame )
{
GainFrame = 0.4f * prev_ener_ratio + 0.6f * GainFrame;
}
else if( prev_ener_ratio > 2.0f * GainFrame )
{
GainFrame = 0.8f * prev_ener_ratio + 0.2f * GainFrame;
}
else
{

GainFrame = 0.2 * prev_ener_ratio + 0.8f * GainFrame;
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}

}

}
if( tilt_swb_fec > st->tilt_swb_fec )
{
GainFrame *= st->tilt swb_fec >0 ?

(min(5.0ftilt_swb_fec/st->tilt_swb_fec)): 1.0f;

else if( (st->clas_dec !'= UNVOICED_CLAS Il st->tilt_swb_fec > 8.0) &&

prev_ener_ratio > 4.0f * GainFrame &&
(st->enerLL > 0.5f*st->prev_enerLL lIst->enerLH >

0.5f*st->prev_enerLH) )

GainFrame = 0.2 * prev_ener_ratio + 0.8f * GainFrame;

else if( st->nbLostCmpt > 1)

{

GainFrame);

GainFrame);

prev_ener_ratio = st->prev_ener_shb/ener;

if(prev_ener_ratio > 4.0 * GainFrame )

{

}

if( tilt_swb_fec > 10.0f && st->tilt_swb_fec >10.0f )
{

GainFrame = min((prev_ener_ratio *0.8f + GainFrame
}
else

{

GainFrame = min((prev_ener_ratio *0.5f + GainFrame
}

else if( prev_ener_ratio > GainFrame )

{

if( tilt_swb_fec > 10.0f && st->tilt_swb_fec >10.0f )
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GainFrame = 0.5f * prev_ener_ratio + 0.5 * GainFrame;

}

else

{

GainFrame = 0.2 * prev_ener_ratio + 0.8f * GainFrame;

}
[0116] FIG. 10 is a flowchart of Embodiment 8 of the method for processing a lost frame

according to an embodiment of the present invention. As shown in FIG. 10, the method in this
embodiment includes the following steps.

[0117] Step S1001: Determine an initial high-band signal of a current lost frame.

[0118] Step S1002: Determine a gain of the current lost frame.

[0119] Step S1003: Determine gain adjustment information of the current lost frame, where the
gain adjustment information includes at least one of the following: a class of a frame, a low-band
signal spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive
lost frames, where the quantity of consecutive lost frames is a quantity of consecutive frames that
are lost until the current lost frame.

[0120] Step S1004: Determine an initial excitation adjustment factor.

[0121] Specifically, on the basis of the embodiment shown in FIG. 3, in this embodiment, a
high-band excitation signal of the current lost frame is further adjusted, to adjust the current lost
frame more accurately. The excitation adjustment factor refers to a factor used for adjusting the
high-band excitation signal of the current lost frame, and the initial excitation adjustment factor is
obtained according to a subframe gain and a global gain of the lost frame.

[0122] Step S1005: Adjust the initial excitation adjustment factor according to the gain
correction information, to obtain an adjusted excitation adjustment factor.

[0123] Specifically, the initial excitation adjustment factor may be adjusted according to the
gain adjustment information. A specific adjustment method may be preset at a decoder of an audio
signal, after determining the gain adjustment information, the decoder determines the gain
adjustment information, and if a corresponding preset condition is met, adjusts the initial excitation
adjustment factor according to the adjustment method corresponding to the preset condition, and
finally, obtains the adjusted initial excitation adjustment factor.

[0124] It should be noted that, in order to ensure interframe energy continuity in a frame loss

case, smooth incremental processing needs to be performed on the adjusted excitation adjustment
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factor, for example, a formula: scale'=pow(scale', 0.125) may be used for calculation. That is, scale’
to the power of 0.125 is acquired.

[0125] Step S1006: Adjust the gain of the current lost frame according to the gain adjustment
information, to obtain an adjusted gain of the current lost frame.

[0126] Step S1007: Adjust the initial high-band signal according to the adjusted gain and the
adjusted excitation adjustment factor, to obtain a high-band signal of the current lost frame.

[0127] Specifically, generally, the high-band signal is a product of the high-band excitation
signal and the gain; therefore, the high-band excitation signal may be adjusted according to the
excitation adjustment factor, and the high-band excitation signal is also adjusted according to the
adjusted gain, to finally obtain the high-band signal of the current lost frame.

[0128] Further, in step S1005, a specific method for adjusting the initial excitation adjustment
factor according to the gain correction information, to obtain an adjusted excitation adjustment
factor may be shown in the following implementation manners.

[0129] In a possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is greater than the high frequency excitation energy of the previous frame of the current lost frame,
the class of the current lost frame is not unvoiced, and a class of a last normally received frame
before the current lost frame is not unvoiced, adjusting the initial excitation adjustment factor
according to the low-band signal energy of the previous frame of the current lost frame and the
low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment factor,
where the gain adjustment information includes a class of a frame, a low-band signal energy of a
frame, and the quantity of consecutive lost frames.

[0130] Specifically, the gain adjustment information includes a class of a frame, a low-band
signal energy of a frame, and a quantity of consecutive lost frames. When the initial excitation
adjustment factor is adjusted according to the gain correction information, it is determined first
whether the gain adjustment information meets all the following conditions: the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is greater than the high frequency excitation energy of the previous frame of the current lost frame,
a class of the current lost frame is not unvoiced, and a class of a last normally received frame before
the current lost frame is not unvoiced. If it is determined that all the foregoing conditions are met,
the initial excitation adjustment factor is adjusted according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the lost frame. The last
normally received frame before the current lost frame indicates a last frame that is not lost before

the current lost frame. For example, it is assumed that the initial excitation adjustment factor is
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scale, and the adjusted excitation adjustment factor is scale'. Therefore, scale' is equal to a ratio of
low-band energy of the previous frame of the current lost frame to low-band energy of the current
lost frame.

[0131] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is less than half the high frequency excitation energy of the previous frame of the current lost frame,
the energy ratio of the low-band signal energy of the current lost frame to the low-band signal
energy of the previous frame of the current lost frame is within a preset interval, and a class of the
previous frame of the current lost frame is unvoiced, adjusting the initial excitation adjustment
factor according to the low-band signal energy of the previous frame of the current lost frame and
the low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment
factor.

[0132] Specifically, the gain adjustment information includes a class of a frame, a low-band
signal energy of a frame, and a quantity of consecutive lost frames. When the initial excitation
adjustment factor is adjusted according to the gain correction information, it is determined first
whether the gain adjustment information meets all the following conditions: the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is less than half the high frequency excitation energy of the previous frame of the current lost frame,
the energy ratio of the low-band signal energy of the current lost frame to the low-band signal
energy of the previous frame of the current lost frame is within a preset interval, and a class of the
previous frame of the current lost frame is unvoiced. The preset interval may be generally so set that
the low-band signal energy of the current lost frame is greater than half the low-band signal energy
of the previous frame of the current lost frame, and the low-band signal energy of the current lost
frame is less than two times the low-band signal energy of the previous frame of the current lost
frame. If it is determined that all the foregoing conditions are met, the initial excitation adjustment
factor is adjusted according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the lost frame. For example, it is assumed that the initial
excitation adjustment factor is scale, and the adjusted excitation adjustment factor is scale'.
Therefore, scale' is equal to a ratio of low-band energy of the previous frame of the current lost
frame to low-band energy of the current lost frame.

[0133] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is less than half the high frequency excitation energy of the previous frame of the current lost frame,

the energy ratio of the low-band signal energy of the current lost frame to the low-band signal
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energy of the previous frame of the current lost frame is within a preset interval, and a class of a last
normally received frame before the current lost frame is unvoiced, adjusting the initial excitation
adjustment factor according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the current lost frame, to obtain the adjusted excitation
adjustment factor.

[0134] Specifically, the gain adjustment information includes a class of a frame, a low-band
signal energy of a frame, and a quantity of consecutive lost frames. When the initial excitation
adjustment factor is adjusted according to the gain correction information, it is determined first
whether the gain adjustment information meets all the following conditions: the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is less than half the high frequency excitation energy of the previous frame of the current lost frame,
the energy ratio of the low-band signal energy of the current lost frame to the low-band signal
energy of the previous frame of the current lost frame is within a preset interval, and a class of a last
normally received frame before the current lost frame is unvoiced. The last normally received frame
before the current lost frame indicates a last frame that is not lost before the current lost frame. The
preset interval may be generally so set that the low-band signal energy of the current lost frame is
greater than half the low-band signal energy of the previous frame of the current lost frame, and the
low-band signal energy of the current lost frame is less than two times the low-band signal energy
of the previous frame of the current lost frame. If it is determined that all the foregoing conditions
are met, the initial excitation adjustment factor is adjusted according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the lost frame. For
example, it is assumed that the initial excitation adjustment factor is scale, and the adjusted
excitation adjustment factor is scale'. Therefore, scale’ is equal to a ratio of low-band energy of the
previous frame of the current lost frame to low-band energy of the current lost frame.

[0135] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is equal to 1, the high frequency excitation energy of the current lost frame
is less than half the high frequency excitation energy of the previous frame of the current lost frame,
the energy ratio of the low-band signal energy of the current lost frame to the low-band signal
energy of the previous frame of the current lost frame is within a preset interval, and the low-band
signal spectral tilt of the previous frame of the current lost frame is greater than a third threshold,
adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

[0136] Specifically, the gain adjustment information includes a low-band spectral tilt of a frame,
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a low-band signal energy of a frame, and a quantity of consecutive lost frames. When the initial
excitation adjustment factor is adjusted according to the gain correction information, it is
determined first whether the gain adjustment information meets all the following conditions: the
quantity of consecutive lost frames is equal to 1, the high frequency excitation energy of the current
lost frame is less than half the high frequency excitation energy of the previous frame of the current
lost frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and the
low-band signal spectral tilt of the previous frame of the current lost frame is greater than a third
threshold. The preset interval may be generally set as that the low-band signal energy of the current
lost frame is greater than half the low-band signal energy of the previous frame of the current lost
frame, and the low-band signal energy of the current lost frame is less than two times the low-band
signal energy of the previous frame of the current lost frame; and the third threshold may be a preset
threshold, for example, 5. If it is determined that all the foregoing conditions are met, the initial
excitation adjustment factor is adjusted according to the low-band signal energy of the previous
frame of the current lost frame and the low-band signal energy of the lost frame. For example, it is
assumed that the initial excitation adjustment factor is scale, and the adjusted excitation adjustment
factor is scale'. Therefore, scale' is equal to a ratio of a low-band energy of the previous frame of the
current lost frame to a low-band energy of the current lost frame.

[0137] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is greater than 1, and the high frequency excitation energy of the current
lost frame is greater than the high frequency excitation energy of the previous frame of the current
lost frame, adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.

[0138] Specifically, the gain adjustment information includes a low-band signal energy of a
frame and a quantity of consecutive lost frames. When the initial excitation adjustment factor is
adjusted according to the gain correction information, it is determined first whether the gain
adjustment information meets all the following conditions: the quantity of consecutive lost frames is
greater than 1, and the high frequency excitation energy of the current lost frame is greater than the
high frequency excitation energy of the previous frame of the current lost frame. If it is determined
that all the foregoing conditions are met, the initial excitation adjustment factor is adjusted
according to the low-band signal energy of the previous frame of the current lost frame and the
low-band signal energy of the lost frame. For example, it is assumed that the initial excitation

adjustment factor is scale, and the adjusted excitation adjustment factor is scale'. Therefore, scale' is
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equal to a ratio of a low-band energy of the previous frame of the current lost frame to a low-band
energy of the current lost frame.

[0139] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is greater than 1, the high frequency excitation energy of the current lost
frame is less than half the high frequency excitation energy of the previous frame of the current lost
frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and a class
of the previous frame of the current lost frame is unvoiced, adjusting the initial excitation
adjustment factor according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the current lost frame, to obtain the adjusted excitation
adjustment factor.

[0140] Specifically, the gain adjustment information includes a class of a frame, a low-band
signal energy of a frame, and a quantity of consecutive lost frames. When the initial excitation
adjustment factor is adjusted according to the gain correction information, it is determined first
whether the gain adjustment information meets all the following conditions: the quantity of
consecutive lost frames is greater than 1, the high frequency excitation energy of the current lost
frame is less than half the high frequency excitation energy of the previous frame of the current lost
frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and a class
of the previous frame of the current lost frame is unvoiced. The preset interval may be generally set
as that the low-band signal energy of the current lost frame is greater than half the low-band signal
energy of the previous frame of the current lost frame, and the low-band signal energy of the current
lost frame is less than two times the low-band signal energy of the previous frame of the current lost
frame. If it is determined that all the foregoing conditions are met, the initial excitation adjustment
factor is adjusted according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the lost frame. For example, it is assumed that the initial
excitation adjustment factor is scale, and the adjusted excitation adjustment factor is scale'.
Therefore, scale' is a lesser one of a ratio of a low-band energy of the previous frame of the current
lost frame to a low-band energy of the current lost frame, and 3.

[0141] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is greater than 1, the high frequency excitation energy of the current lost
frame is less than half the high frequency excitation energy of the previous frame of the current lost
frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band

signal energy of the previous frame of the current lost frame is within a preset interval, and a class
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of a last normally received frame before the current lost frame is unvoiced, adjusting the initial
excitation adjustment factor according to the low-band signal energy of the previous frame of the
current lost frame and the low-band signal energy of the current lost frame, to obtain the adjusted
excitation adjustment factor.

[0142] Specifically, the gain adjustment information includes a class of a frame, a low-band
signal energy of a frame, and a quantity of consecutive lost frames. When the initial excitation
adjustment factor is adjusted according to the gain correction information, it is determined first
whether the gain adjustment information meets all the following conditions: the quantity of
consecutive lost frames is greater than 1, the high frequency excitation energy of the current lost
frame is less than half the high frequency excitation energy of the previous frame of the current lost
frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and a class
of a last normally received frame before the current lost frame is unvoiced. The last normally
received frame before the current lost frame indicates a last frame that is not lost before the current
lost frame. The preset interval may be generally set as that the low-band signal energy of the current
lost frame is greater than half the low-band signal energy of the previous frame of the current lost
frame, and the low-band signal energy of the current lost frame is less than two times the low-band
signal energy of the previous frame of the current lost frame. If it is determined that all the
foregoing conditions are met, the initial excitation adjustment factor is adjusted according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the lost frame. For example, it is assumed that the initial excitation adjustment factor is
scale, and the adjusted excitation adjustment factor is scale'. Therefore, scale' is a lesser one of a
ratio of a low-band energy of the previous frame of the current lost frame to a low-band energy of
the current lost frame, and 3.

[0143] In another possible implementation manner, step S1005 includes: when the quantity of
consecutive lost frames is greater than 1, the high frequency excitation energy of the current lost
frame is less than half the high frequency excitation energy of the previous frame of the current lost
frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and the
low-band signal spectral tilt of the previous frame of the current lost frame is greater than a third
threshold, adjusting the initial excitation adjustment factor according to the low-band signal energy
of the previous frame of the current lost frame and the low-band signal energy of the current lost
frame, to obtain the adjusted excitation adjustment factor.

[0144] Specifically, the gain adjustment information includes a low-band spectral tilt of a frame,
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a low-band signal energy of a frame, and a quantity of consecutive lost frames. When the initial
excitation adjustment factor is adjusted according to the gain correction information, it is
determined first whether the gain adjustment information meets all the following conditions: the
quantity of consecutive lost frames is greater than 1, the high frequency excitation energy of the
current lost frame is less than half the high frequency excitation energy of the previous frame of the
current lost frame, the energy ratio of the low-band signal energy of the current lost frame to the
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and the low-band signal spectral tilt of the previous frame of the current lost frame is greater than a
third threshold. The preset interval may be generally set as that the low-band signal energy of the
current lost frame is greater than half the low-band signal energy of the previous frame of the
current lost frame, and the low-band signal energy of the current lost frame is less than two times
the low-band signal energy of the previous frame of the current lost frame; and the third threshold
may be a preset threshold, for example, 5. If it is determined that all the foregoing conditions are
met, the initial excitation adjustment factor is adjusted according to the low-band signal energy of
the previous frame of the current lost frame and the low-band signal energy of the lost frame. For
example, it is assumed that the initial excitation adjustment factor is scale, and the adjusted
excitation adjustment factor is scale'. Therefore, scale' is a lesser one of a ratio of a low-band energy
of the previous frame of the current lost frame to a low-band energy of the current lost frame, and 3.
[0145] On a Windows 7 platform, a Microsoft Visual Studio 2008 compilation environment is
used, and the method for processing a lost frame in the embodiment shown in FIG. 10 and the
implementation manners in the embodiment shown FIG. 10 may be implemented by using the
following code:
if( st->bfi )
{

scale = 1.0f;

temp = 1.0f;

if (st->nbLostCmpt ==1)

{

if( curr_frame_pow > st->prev_swb_bwe_frame_pow &&
st->prev_coder_type != UNVOICED &&
st->last_good = UNVOICED_CLAS )

scale = root_a_over_b( st->prev_swb_bwe_frame_pow, curr_frame_pow );

temp = (float) pow( scale, 0.125f );
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}

else if( curr_frame pow < 0.5f *st->prev_swb_bwe_frame pow &&
st->nbLostCmpt == 1 &&
(st->enerLL > 0.5 * st->prev_enerLL Il st->enerLH > 0.5 *st->prev_enerLH) &&
(st->prev_coder_type == UNVOICED |l st->last_good == UNVOICED_CLAS ||
st->tilt_swb_fec > 5.0f))
{
scale = root_a_over_b(st->prev_swb_bwe_frame_pow, curr_frame_pow);

temp = (float) pow(scale, 0.125f);

}
else if ( st->nbLostCmpt > 1)

{
if( curr_frame_pow > st->prev_swb_bwe_frame pow )
{
scale = root_a_over_b( st->prev_swb_bwe_frame_pow, curr_frame_pow );
temp = (float) pow( scale, 0.125f );
}
else if( curr_frame_pow < 0.5f *st->prev_swb_bwe_frame_pow &&
(st->enerLL > 0.5 * st->prev_enerLL Il st->enerLH > 0.5 *st->prev_enerLH) &&
(st->prev_coder_type == UNVOICED |l st->last_good == UNVOICED_CLAS ||
st->tilt_swb_fec > 5.0f))
{
scale=min(3.0f,root_a_over_b(st->prev_swb_bwe_frame_pow,
curr_frame_pow));

temp = (float) pow(scale, 0.125f);

}

for( j=0; j<8; j++)

{
GainShape[2 * j] *= scale;
GainShape[2 * j + 1] *= scale;
for( i=0; i<L._FRAMEI16k/S; i++ )
{
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shaped_shb_excitation[i + j * L_ FRAME16k/8] *= scale;
}

scale /= temp;

}

[0146] In the method for processing a lost frame provided in this embodiment, only a specific
method for correcting a gain of a lost frame and an excitation adjustment factor by using
information such as low-band signal spectral tilt of the lost frame and a previous frame of the lost
frame, a low-band signal energy ratio, a high frequency excitation energy ratio, and a frame class of
the lost frame. However, the method for processing a lost frame provided in the present invention is
not limited thereto, as long as a lost frame processing method for correcting high-band information
of the lost frame according to low-band information and encoding type information of the lost
frame and at least one frame before the lost frame falls within the protection scope of the present
invention.

[0147] According to the method for processing a lost frame provided in this embodiment of the
present invention, lost frame recovery of a high-band is guided based on a low-band correlation
between consecutive frames, and such a method can make a high-band energy of a recovered lost
frame more continuous in a case in which low-band information is recovered accurately, thereby
resolving a case of discontinuous high-band energy recovery, and improving high-band
performance of the lost frame.

[0148] FIG. 11 is a schematic structural diagram of an apparatus for processing a lost frame
according to an embodiment of the present invention. As shown in FIG. 11, the apparatus for
processing a lost frame in this embodiment includes:

a determining module 111, configured to determine an initial high-band signal of a
current lost frame; determine a gain of the current lost frame; and determine gain adjustment
information of the current lost frame, where the gain adjustment information includes at least one of
the following: a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy
of a frame, and a quantity of consecutive lost frames, where the quantity of consecutive lost frames
is a quantity of consecutive frames that are lost until the current lost frame; and

an adjustment module 112, configured to adjust the gain of the current lost frame
according to the gain adjustment information, to obtain an adjusted gain of the current lost frame;
and adjust the initial high-band signal according to the adjusted gain, to obtain a high-band signal of
the current lost frame.

[0149] The apparatus for processing a lost frame provided in this embodiment may be used to
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execute the technical solutions of the method embodiment shown in FIG. 3, and has similar
implementation principles and technical effects, and details are not described herein again.

[0150] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a low-band signal energy of a frame, and the adjustment module 112 is specifically configured to
obtain an energy ratio of a low-band signal energy of the current lost frame to a low-band signal
energy of a previous frame of the current lost frame according to the low-band signal energy of the
current lost frame; and adjust the gain of the current lost frame according to the energy ratio of the
low-band signal energy of the current lost frame to the low-band signal energy of the previous
frame of the current lost frame, to obtain the adjusted gain of the current lost frame.

[0151] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a frame,
and a quantity of consecutive lost frames, and the adjustment module 112 is specifically configured
to: when the quantity of consecutive lost frames is equal to 1, a class of the current lost frame is not
unvoiced, the class of the current lost frame is not unvoiced transition, a low-band signal spectral
tilt of a previous frame of the current lost frame is less than a first threshold, and an energy ratio of
a low-band signal energy of the current lost frame to a low-band signal energy of the previous frame
of the current lost frame is within a preset interval, obtain an energy ratio of a high frequency
excitation energy of the previous frame of the current lost frame to a high frequency excitation
energy of the current lost frame according to the low-band signal energy of the current lost frame;
and adjust the gain of the current lost frame according to the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

[0152] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a frame,
and a quantity of consecutive lost frames, and the adjustment module 112 is specifically configured
to: when the quantity of consecutive lost frames is equal to 1, a class of the current lost frame is not
unvoiced, the class of the current lost frame is not unvoiced transition, a low-band signal spectral
tilt of a previous frame of the current lost frame is less than a first threshold, an energy ratio of a
low-band signal energy of the current lost frame to a low-band signal energy of the previous frame
of the current lost frame is within a preset interval, and a low-band signal spectral tilt of the current
lost frame is greater than the low-band signal spectral tilt of the previous frame of the lost frame,
adjust the gain of the current lost frame according to a preset adjustment factor, to obtain the
adjusted gain of the current lost frame.

[0153] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
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a class of a frame, a low-band signal spectral tilt of a frame, and a quantity of consecutive lost
frames, and the adjustment module 112 is specifically configured to: when the quantity of
consecutive lost frames is equal to 1, and a class of the current lost frame is not unvoiced, a
low-band signal spectral tilt of a previous frame of the current lost frame is greater than a first
threshold, and an energy ratio of a low-band signal energy of the current lost frame to a low-band
signal energy of the previous frame of the current lost frame is within a preset interval, obtain an
energy ratio of a high frequency excitation energy of the previous frame of the current lost frame to
a high frequency excitation energy of the current lost frame according to the low-band signal energy
of the current lost frame; and adjust the gain of the current lost frame according to the energy ratio
of the high frequency excitation energy of the previous frame of the current lost frame to the high
frequency excitation energy of the current lost frame, to obtain the adjusted gain of the current lost
frame.

[0154] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a quantity of consecutive lost frames, and the adjustment module 112 is specifically configured to:
obtain an energy ratio of a high frequency excitation energy of a previous frame of the current lost
frame to a high frequency excitation energy of the current lost frame according to a low-band signal
energy of the current lost frame; and when the quantity of consecutive lost frames is greater than 1
and the energy ratio of the high frequency excitation energy of the previous frame of the current lost
frame to the high frequency excitation energy of the current lost frame is greater than the gain of the
current lost frame, adjust the gain of the current lost frame according to the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame, to obtain the adjusted gain of the current lost frame.
[0155] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a quantity of consecutive lost frames and a low-band signal spectral tilt of a frame, and the
adjustment module 112 is specifically configured to obtain an energy ratio of a high frequency
excitation energy of a previous frame of the current lost frame to a high frequency excitation energy
of the current lost frame according to a low-band signal energy of the current lost frame; and when
the quantity of consecutive lost frames is greater than 1, the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame is greater than the gain of the current lost frame, and the low-band
signal spectral tilt of the current lost frame and a low-band signal spectral tilt of the previous frame
of the current lost frame are both greater than a second threshold, adjust the gain of the current lost
frame according to the energy ratio of the high frequency excitation energy of the previous frame of

the current lost frame to the high frequency excitation energy of the current lost frame, to obtain the
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adjusted gain of the current lost frame.

[0156] Further, in the embodiment shown in FIG. 11, the determining module 111 is further
configured to determine an initial excitation adjustment factor; and the adjustment module 111 is
further configured to adjust the initial excitation adjustment factor according to the gain correction
information, to obtain an adjusted excitation adjustment factor; and adjust the initial high-band
signal according to the adjusted gain and the adjusted excitation adjustment factor, to obtain the
high-band signal of the current lost frame.

[0157] Further, in the embodiment shown FIG. 11, the gain adjustment information includes a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjustment module 112 is specifically configured to: when the quantity of consecutive lost
frames is equal to 1, the high frequency excitation energy of the current lost frame is greater than
the high frequency excitation energy of the previous frame of the current lost frame, the class of the
current lost frame is not unvoiced, and a class of a last normally received frame before the current
lost frame is not unvoiced, adjust the initial excitation adjustment factor according to the low-band
signal energy of the previous frame of the current lost frame and the low-band signal energy of the
current lost frame, to obtain the adjusted excitation adjustment factor.

[0158] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames,
and the adjustment module 112 is specifically configured to: when the quantity of consecutive lost
frames is equal to 1, the high frequency excitation energy of the current lost frame is less than half
the high frequency excitation energy of the previous frame of the current lost frame, the energy ratio
of the low-band signal energy of the current lost frame to the low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a class of the previous frame
of the current lost frame is unvoiced, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the current lost frame, to obtain the adjusted excitation adjustment factor.

[0159] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames,
and the adjustment module 112 is specifically configured to: when the quantity of consecutive lost
frames is equal to 1, the high frequency excitation energy of the current lost frame is less than half
the high frequency excitation energy of the previous frame of the current lost frame, the energy ratio
of the low-band signal energy of the current lost frame to the low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a class of a last normally

received frame before the current lost frame is unvoiced, adjust the initial excitation adjustment
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factor according to the low-band signal energy of the previous frame of the current lost frame and
the low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment
factor.

[0160] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of
consecutive lost frames, and the adjustment module 112 is specifically configured to: when the
quantity of consecutive lost frames is equal to 1, the high frequency excitation energy of the current
lost frame is less than half the high frequency excitation energy of the previous frame of the current
lost frame, the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame is within a preset interval, and the
low-band signal spectral tilt of the previous frame of the current lost frame is greater than a third
threshold, adjust the initial excitation adjustment factor according to the low-band signal energy of
the previous frame of the current lost frame and the low-band signal energy of the current lost frame,
to obtain the adjusted excitation adjustment factor.

[0161] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a low-band signal energy of a frame and a quantity of consecutive lost frames, and the adjustment
module 112 is specifically configured to: when the quantity of consecutive lost frames is greater
than 1, and the high frequency excitation energy of the current lost frame is greater than the high
frequency excitation energy of the previous frame of the current lost frame, adjust the initial
excitation adjustment factor according to the low-band signal energy of the previous frame of the
current lost frame and the low-band signal energy of the current lost frame, to obtain the adjusted
excitation adjustment factor.

[0162] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames,
and the adjustment module 112 is specifically configured to: when the quantity of consecutive lost
frames is greater than 1, the high frequency excitation energy of the current lost frame is less than
half the high frequency excitation energy of the previous frame of the current lost frame, the energy
ratio of the low-band signal energy of the current lost frame to the low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a class of the previous frame
of the current lost frame is unvoiced, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the current lost frame, to obtain the adjusted excitation adjustment factor.

[0163] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes

a class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames,
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and the adjustment module 112 is specifically configured to: when the quantity of consecutive lost
frames is greater than 1, the high frequency excitation energy of the current lost frame is less than
half the high frequency excitation energy of the previous frame of the current lost frame, the energy
ratio of the low-band signal energy of the current lost frame to the low-band signal energy of the
previous frame of the current lost frame is within a preset interval, and a class of a last normally
received frame before the current lost frame is unvoiced, adjust the initial excitation adjustment
factor according to the low-band signal energy of the previous frame of the current lost frame and
the low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment
factor.

[0164] Further, in the embodiment shown in FIG. 11, the gain adjustment information includes
a low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of
consecutive lost frames, and the adjustment module 112 is specifically configured to: when the
quantity of consecutive lost frames is greater than 1, the high frequency excitation energy of the
current lost frame is less than half the high frequency excitation energy of the previous frame of the
current lost frame, the energy ratio of the low-band signal energy of the current lost frame to the
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and the low-band signal spectral tilt of the previous frame of the current lost frame is greater than a
third threshold, adjust the initial excitation adjustment factor according to the low-band signal
energy of the previous frame of the current lost frame and the low-band signal energy of the current
lost frame, to obtain the adjusted excitation adjustment factor.

[0165] Persons of ordinary skill in the art may understand that all or a part of the steps of the
method embodiments may be implemented by a program instructing relevant hardware. The
program may be stored in a computer readable storage medium. When the program runs, the steps
of the method embodiments are performed. The foregoing storage medium includes: any medium
that can store program encode, such as a ROM, a RAM, a magnetic disc, or an optical disc.

[0166] Finally, it should be noted that the foregoing embodiments are merely intended for
describing the technical solutions of the present invention other than limiting the present invention.
Although the present invention is described in detail with reference to the foregoing embodiments,
persons of ordinary skill in the art should understand that they may still make modifications to the
technical solutions described in the foregoing embodiments or make equivalent replacements to
some or all technical features thereof, without departing from the scope of the technical solutions of

the embodiments of the present invention.
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CLAIMS

What is claimed is:

1. A method for processing a lost frame of an audio signal, wherein the method comprises:

determining an initial high-band signal of a current lost frame;

determining a gain of the current lost frame;

determining gain adjustment information of the current lost frame, wherein the gain adjustment
information is obtained according to a low-band signal of the current lost frame and the gain
adjustment information comprises at least one of the following:

a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a
frame, and a quantity of consecutive lost frames, wherein the quantity of consecutive lost frames is
a quantity of consecutive frames that are lost until the current lost frame;

if the gain adjustment information meets a corresponding preset condition, adjusting the gain
of the current lost frame according to the gain adjustment information with an adjustment method
corresponding to the preset condition, to obtain an adjusted gain of the current lost frame; and

adjusting the initial high-band signal according to the adjusted gain, to obtain a high-band
signal of the current lost frame.

2. The method according to claim 1, wherein the gain adjustment information comprises a
low-band signal energy of a frame, and the adjusting the gain of the current lost frame according to
the gain correction information, to obtain an adjusted gain of the current lost frame comprises:

obtaining an energy ratio of a low-band signal energy of the current lost frame to a low-band
signal energy of a previous frame of the current lost frame according to the low-band signal energy
of the current lost frame; and

adjusting the gain of the current lost frame according to the energy ratio of the low-band signal
energy of the current lost frame to the low-band signal energy of the previous frame of the current
lost frame, to obtain the adjusted gain of the current lost frame.

3. The method according to claim 1, wherein the gain adjustment information comprises a
class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a frame, and
a quantity of consecutive lost frames, and the adjusting the gain of the current lost frame according
to the gain correction information, to obtain an adjusted gain of the current lost frame comprises:

when the quantity of consecutive lost frames is equal to 1, and

a class of the current lost frame is not unvoiced, the class of the current lost frame is not
unvoiced transition, a low-band signal spectral tilt of a previous frame of the current lost frame is

less than a first threshold, and an energy ratio of a low-band signal energy of the current lost frame
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to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval,

obtaining an energy ratio of a high frequency excitation energy of the previous frame of the
current lost frame to a high frequency excitation energy of the current lost frame according to the
low-band signal energy of the current lost frame; and

adjusting the gain of the current lost frame according to the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

4. The method according to claim 1, wherein the gain adjustment information comprises a
class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of a frame, and
a quantity of consecutive lost frames, and the adjusting the gain of the current lost frame according
to the gain correction information, to obtain an adjusted gain of the current lost frame comprises:

when the quantity of consecutive lost frames is equal to 1,

a class of the current lost frame is not unvoiced, the class of the current lost frame is not
unvoiced transition, a low-band signal spectral tilt of a previous frame of the current lost frame is
less than a first threshold, and an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and

a low-band signal spectral tilt of the current lost frame is greater than the low-band signal
spectral tilt of the previous frame of the lost frame,

adjusting the gain of the current lost frame according to a preset adjustment factor, to obtain
the adjusted gain of the current lost frame.

5. The method according to claim 1, wherein the gain adjustment information comprises a
class of a frame, a low-band signal spectral tilt of a frame, and a quantity of consecutive lost frames,
and the adjusting the gain of the current lost frame according to the gain correction information, to
obtain an adjusted gain of the current lost frame comprises:

when the quantity of consecutive lost frames is equal to 1, and

a class of the current lost frame is not unvoiced, a low-band signal spectral tilt of a previous
frame of the current lost frame is greater than a first threshold, and an energy ratio of a low-band
signal energy of the current lost frame to a low-band signal energy of the previous frame of the
current lost frame is within a preset interval,

obtaining an energy ratio of a high frequency excitation energy of the previous frame of the
current lost frame to a high frequency excitation energy of the current lost frame according to the

low-band signal energy of the current lost frame; and

46



13 Dec 2017

2015281722

wn

25

30

adjusting the gain of the current lost frame according to the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

6. The method according to claim 1, wherein the gain adjustment information comprises a
quantity of consecutive lost frames, and the adjusting the gain of the current lost frame according to
the gain correction information, to obtain an adjusted gain of the current lost frame comprises:

obtaining an energy ratio of a high frequency excitation energy of a previous frame of the
current lost frame to a high frequency excitation energy of the current lost frame according to a
low-band signal energy of the current lost frame; and

when the quantity of consecutive lost frames is greater than 1 and the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame is greater than the gain of the current lost frame,

adjusting the gain of the current lost frame according to the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

7. The method according to claim 1, wherein the gain adjustment information comprises a
quantity of consecutive lost frames, and a low-band signal spectral tilt of a frame, and the adjusting
the gain of the current lost frame according to the gain correction information, to obtain an adjusted
gain of the current lost frame comprises:

obtaining an energy ratio of a high frequency excitation energy of a previous frame of the
current lost frame to a high frequency excitation energy of the current lost frame according to a
low-band signal energy of the current lost frame; and

when the quantity of consecutive lost frames is greater than 1, the energy ratio of the high
frequency excitation energy of the previous frame of the current lost frame to the high frequency
excitation energy of the current lost frame is greater than the gain of the current lost frame, and a
low-band signal spectral tilt of the current lost frame and a low-band signal spectral tilt of the
previous frame of the current lost frame are both greater than a second threshold,

adjusting the gain of the current lost frame according to the energy ratio of the high frequency
excitation energy of the previous frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain the adjusted gain of the current lost frame.

8. The method according to any one of claims 1 to 7, wherein after the determining gain
adjustment information of the current lost frame, the method further comprises:

determining an initial excitation adjustment factor, wherein the initial excitation adjustment

factor is obtained according to a subframe gain and a global gain of the lost frame;
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adjusting the initial excitation adjustment factor according to the gain correction information,
to obtain an adjusted excitation adjustment factor; and

the adjusting the initial high-band signal according to the adjusted gain, to obtain a high-band
signal of the current lost frame comprises:

adjusting an initial high-band excitation signal according to the adjusted excitation adjustment
factor, to obtain an adjusted high-band excitation signal;

adjusting the initial high-band signal according to the adjusted high-band excitation signal and
the adjusted gain, to obtain the high-band signal of the current lost frame.

9. The method according to claim 8, wherein the gain adjustment information comprises a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy
of the current lost frame is greater than a high frequency excitation energy of a previous frame of
the current lost frame, and

a class of the current lost frame is not unvoiced and a class of a last normally received frame
before the current lost frame is not unvoiced,

adjusting the initial excitation adjustment factor according to a low-band signal energy of the
previous frame of the current lost frame and a low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

10. The method according to claim 8, wherein the gain adjustment information comprises a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy
of the current lost frame is less than half a high frequency excitation energy of a previous frame of
the current lost frame, an energy ratio of the low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of the previous frame of the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

11. The method according to claim 8, wherein the gain adjustment information comprises a

class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
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the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy
of the current lost frame is less than half a high frequency excitation energy of a previous frame of
the current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of a last normally received frame before the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

12. The method according to claim 8, wherein the gain adjustment information comprises a
low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive
lost frames, and the adjusting the initial excitation adjustment factor according to the gain
correction information, to obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy
of the current lost frame is less than half a high frequency excitation energy of a previous frame of
the current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a low-band signal spectral tilt of the previous frame of the current lost frame is greater than a
third threshold,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

13. The method according to claim 8, wherein the gain adjustment information comprises a
low-band signal energy of a frame and a quantity of consecutive lost frames, and the adjusting the
initial excitation adjustment factor according to the gain correction information, to obtain an
adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is greater than 1, the high frequency excitation
energy of the current lost frame is greater than a high frequency excitation energy of a previous
frame of the current lost frame,

adjusting the initial excitation adjustment factor according to a low-band signal energy of the
previous frame of the current lost frame and a low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

14. The method according to claim 8, wherein the gain adjustment information comprises a
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class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is greater than 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous
frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a class of the previous frame of the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

15. The method according to claim 8, wherein the gain adjustment information comprises a
class of a frame, a low-band signal energy of a frame, and a quantity of consecutive lost frames, and
the adjusting the initial excitation adjustment factor according to the gain correction information, to
obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is greater than 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous
frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a class of a last normally received frame before the current lost frame is unvoiced,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

16. The method according to claim 8, wherein the gain adjustment information comprises a
low-band spectral tilt of a frame, a low-band signal energy of a frame, and a quantity of consecutive
lost frames, and the adjusting the initial excitation adjustment factor according to the gain
correction information, to obtain an adjusted excitation adjustment factor comprises:

when the quantity of consecutive lost frames is greater than 1, a high frequency excitation
energy of the current lost frame is less than half a high frequency excitation energy of a previous
frame of the current lost frame, an energy ratio of a low-band signal energy of the current lost frame
to a low-band signal energy of the previous frame of the current lost frame is within a preset
interval, and a low-band signal spectral tilt of the previous frame of the current lost frame is greater
than a third threshold,

adjusting the initial excitation adjustment factor according to the low-band signal energy of the
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previous frame of the current lost frame and the low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

17. An apparatus for processing a lost frame of an audio signal, wherein the apparatus for
processing a lost frame comprises:

a determining module, configured to determine an initial high-band signal of a current lost
frame; determine a gain of the current lost frame; and determine gain adjustment information of the
current lost frame, wherein the gain adjustment information is obtained according to a low-band
signal of the current lost frame and the gain adjustment information comprises at least one of the
following: a class of a frame, a low-band signal spectral tilt of a frame, a low-band signal energy of
a frame, and a quantity of consecutive lost frames, wherein the quantity of consecutive lost frames
is a quantity of consecutive frames that are lost until the current lost frame; and

an adjustment module, configured to adjust the gain of the current lost frame according to the
gain adjustment information if the gain adjustment information meets a corresponding preset
condition, to obtain an adjusted gain of the current lost frame; and adjust the initial high-band signal
according to the adjusted gain with an adjustment method corresponding to the preset condition, to
obtain a high-band signal of the current lost frame.

18. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a low-band signal energy of a frame, and the adjustment module
is specifically configured to obtain an energy ratio of a low-band signal energy of the current lost
frame to a low-band signal energy of a previous frame of the current lost frame according to the
low-band signal energy of the current lost frame; and adjust the gain of the current lost frame
according to the energy ratio of the low-band signal energy of the current lost frame to the low-band
signal energy of the previous frame of the current lost frame, to obtain the adjusted gain of the
current lost frame.

19. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a class of a frame, a low-band signal spectral tilt of a frame, a
low-band signal energy of a frame, and a quantity of consecutive lost frames, and the adjustment
module is specifically configured to: when the quantity of consecutive lost frames is equal to 1, a
class of the current lost frame is not unvoiced, the class of the current lost frame is not unvoiced
transition, a low-band signal spectral tilt of a previous frame of the current lost frame is less than a
first threshold, and an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
obtain an energy ratio of a high frequency excitation energy of the previous frame of the current lost

frame to a high frequency excitation energy of the current lost frame according to the low-band
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signal energy of the current lost frame; and adjust the gain of the current lost frame according to the
energy ratio of the high frequency excitation energy of the previous frame of the current lost frame
to the high frequency excitation energy of the current lost frame, to obtain the adjusted gain of the
current lost frame.

20. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a class of a frame, a low-band signal spectral tilt of a frame, a
low-band signal energy of a frame, and a quantity of consecutive lost frames, and the adjustment
module is specifically configured to: when the quantity of consecutive lost frames is equal to 1, a
class of the current lost frame is not unvoiced, the class of the current lost frame is not unvoiced
transition, a low-band signal spectral tilt of a previous frame of the current lost frame is less than a
first threshold, and an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a low-band signal spectral tilt of the current lost frame is greater than the low-band signal
spectral tilt of the previous frame of the lost frame, adjust the gain of the current lost frame
according to a preset adjustment factor, to obtain the adjusted gain of the current lost frame.

21. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a class of a frame, a low-band signal spectral tilt of a frame, and
a quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is equal to 1, and a class of the current lost frame is not
unvoiced, a low-band signal spectral tilt of a previous frame of the current lost frame is greater than
a first threshold, and an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
obtain an energy ratio of a high frequency excitation energy of the previous frame of the current lost
frame to a high frequency excitation energy of the current lost frame according to the low-band
signal energy of the current lost frame; and adjust the gain of the current lost frame according to the
energy ratio of the high frequency excitation energy of the previous frame of the current lost frame
to the high frequency excitation energy of the current lost frame, to obtain the adjusted gain of the
current lost frame.

22. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a quantity of consecutive lost frames, and the adjustment module
is specifically configured to: obtain an energy ratio of a high frequency excitation energy of a
previous frame of the current lost frame to a high frequency excitation energy of the current lost
frame according to a low-band signal energy of the current lost frame; and when the quantity of

consecutive lost frames is greater than 1 and the energy ratio of the high frequency excitation
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energy of the previous frame of the current lost frame to the high frequency excitation energy of the
current lost frame is greater than the gain of the current lost frame, adjust the gain of the current lost
frame according to the energy ratio of the high frequency excitation energy of the previous frame of
the current lost frame to the high frequency excitation energy of the current lost frame, to obtain the
adjusted gain of the current lost frame.

23. The apparatus for processing a lost frame according to claim 17, wherein the gain
adjustment information comprises a quantity of consecutive lost frames, and a low-band signal
spectral tilt of a frame, and the adjustment module is specifically configured to obtain an energy
ratio of a high frequency excitation energy of a previous frame of the current lost frame to a high
frequency excitation energy of the current lost frame according to a low-band signal energy of the
current lost frame; and when the quantity of consecutive lost frames is greater than 1, the energy
ratio of the high frequency excitation energy of the previous frame of the current lost frame to the
high frequency excitation energy of the current lost frame is greater than the gain of the current lost
frame, and a low-band signal spectral tilt of the current lost frame and a low-band signal spectral tilt
of the previous frame of the current lost frame are both greater than a second threshold, adjust the
gain of the current lost frame according to the energy ratio of the high frequency excitation energy
of the previous frame of the current lost frame to the high frequency excitation energy of the current
lost frame, to obtain the adjusted gain of the current lost frame.

24. The apparatus for processing a lost frame according to any one of claims 17 to 23, wherein
the determining module is further configured to determine an initial excitation adjustment factor;
and

the adjustment module is further configured to adjust the initial excitation adjustment factor
according to the gain correction information, to obtain an adjusted excitation adjustment factor,
wherein the initial excitation adjustment factor is obtained according to a subframe gain and a
global gain of the lost frame; and adjust an initial high-band excitation signal according to the
adjusted excitation adjustment factor, to obtain an adjusted high-band excitation signal; and adjust
the initial high-band signal according to the adjusted high-band excitation signal and the adjusted
gain, to obtain the high-band signal of the current lost frame.

25. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a class of a frame, a low-band signal energy of a frame, and a
quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy of the
current lost frame is greater than a high frequency excitation energy of a previous frame of the

current lost frame, a class of the current lost frame is not unvoiced, and a class of a last normally
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received frame before the current lost frame is not unvoiced, adjust the initial excitation adjustment
factor according to the low-band signal energy of the previous frame of the current lost frame and
the low-band signal energy of the current lost frame, to obtain the adjusted excitation adjustment
factor.

26. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a class of a frame, a low-band signal energy of a frame, and a
quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy of the
current lost frame is less than half a high frequency excitation energy of a previous frame of the
current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of the previous frame of the current lost frame is unvoiced, adjust the initial excitation
adjustment factor according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the current lost frame, to obtain the adjusted excitation
adjustment factor.

27. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a class of a frame, a low-band signal energy of a frame, and a
quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is equal to 1, a high frequency excitation energy of the
current lost frame is less than half a high frequency excitation energy of a previous frame of the
current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of a last normally received frame before the current lost frame is unvoiced, adjust the
initial excitation adjustment factor according to the low-band signal energy of the previous frame of
the current lost frame and the low-band signal energy of the current lost frame, to obtain the
adjusted excitation adjustment factor.

28. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a low-band spectral tilt of a frame, a low-band signal energy of a
frame, and a quantity of consecutive lost frames, and the adjustment module is specifically
configured to: when the quantity of consecutive lost frames is equal to 1, a high frequency
excitation energy of the current lost frame is less than half a high frequency excitation energy of a
previous frame of the current lost frame, an energy ratio of a low-band signal energy of the current
lost frame to a low-band signal energy of the previous frame of the current lost frame is within a

preset interval, and a low-band signal spectral tilt of the previous frame of the current lost frame is
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greater than a third threshold, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal
energy of the current lost frame, to obtain the adjusted excitation adjustment factor.

29. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a low-band signal energy of a frame and a quantity of
consecutive lost frames, and the adjustment module is specifically configured to: when the quantity
of consecutive lost frames is greater than 1, and high frequency excitation energy of the current lost
frame is greater than a high frequency excitation energy of a previous frame of the current lost
frame, adjust the initial excitation adjustment factor according to a low-band signal energy of the
previous frame of the current lost frame and a low-band signal energy of the current lost frame, to
obtain the adjusted excitation adjustment factor.

30. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a class of a frame, a low-band signal energy of a frame, and a
quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is greater than 1, a high frequency excitation energy of the
current lost frame is less than half a high frequency excitation energy of a previous frame of the
current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of the previous frame of the current lost frame is unvoiced, adjust the initial excitation
adjustment factor according to the low-band signal energy of the previous frame of the current lost
frame and the low-band signal energy of the current lost frame, to obtain the adjusted excitation
adjustment factor.

31. The apparatus for processing a lost frame according to claim 24, wherein the gain
adjustment information comprises a class of a frame, a low-band signal energy of a frame, and a
quantity of consecutive lost frames, and the adjustment module is specifically configured to: when
the quantity of consecutive lost frames is greater than 1, a high frequency excitation energy of the
current lost frame is less than half a high frequency excitation energy of a previous frame of the
current lost frame, an energy ratio of a low-band signal energy of the current lost frame to a
low-band signal energy of the previous frame of the current lost frame is within a preset interval,
and a class of a last normally received frame before the current lost frame is unvoiced, adjust the
initial excitation adjustment factor according to the low-band signal energy of the previous frame of
the current lost frame and the low-band signal energy of the current lost frame, to obtain the
adjusted excitation adjustment factor.

32. The apparatus for processing a lost frame according to claim 24, wherein the gain
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adjustment information comprises a low-band spectral tilt of a frame, a low-band signal energy of a
frame, and a quantity of consecutive lost frames, and the adjustment module is specifically
configured to: when the quantity of consecutive lost frames is greater than 1, a high frequency
excitation energy of the current lost frame is less than half a high frequency excitation energy of a
previous frame of the current lost frame, an energy ratio of a low-band signal energy of the current
lost frame to a low-band signal energy of the previous frame of the current lost frame is within a
preset interval, and a low-band signal spectral tilt of the previous frame of the current lost frame is
greater than a third threshold, adjust the initial excitation adjustment factor according to the
low-band signal energy of the previous frame of the current lost frame and the low-band signal

energy of the current lost frame, to obtain the adjusted excitation adjustment factor.
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lost frame, adjust the gain of the current lost frame according to the
energy ratio of the high frequency excitation energy of the previous
frame of the current lost frame to the high frequency excitation
energy of the current lost frame, to obtain an adjusted gain of the
current lost frame
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FIG. 8
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Obtain an energy ratio of a high frequency excitation energy of a
previous frame of a current lost frame to a high frequency excitation
energy of the current lost frame according to a low-band signal
energy of the current lost frame
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'

When a quantity of continuous lost frames is greater than 1, the
energy ratio of the high frequency excitation energy of the previous
frame of the current lost frame to the high frequency excitation
energy of the current lost frame is greater than a gain of the current
lost frame, and a low-band signal spectral tilt of the current lost
frame and a low-band signal spectrum of the previous frame of the
current lost frame are both greater than a second threshold, adjust the
gain of the current lost frame according to the energy ratio of the
high frequency excitation energy of the previous frame of the current
lost frame to the high frequency excitation energy of the current lost
frame, to obtain an adjusted gain of the current lost frame

5902

FIG. 9
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Determine an initial high-band signal of a current lost frame

l

Determine a gain of the current lost frame

'

Determine gain adjustment information of the current lost frame,
where the gain adjustment information includes at least one of the
following: a class of a frame, a low-band signal spectral tilt of a
frame, a low-band signal energy of a frame, and a quantity of
continuous lost frames, where the quantity of continuous lost
frames is a quantity of continuous frames that are lost until the
current lost frame

l

Determine an initial excitation adjustment factor

;

Adjust the initial excitation adjustment factor according to the gain
correction information, to obtain an adjusted excitation adjustment
factor

l

Adjust the gain of the current lost frame according to the gain
adjustment information, to obtain an adjusted gain of the current
lost frame

;

Adjust the initial high-band signal according to the adjusted gain
and the adjusted excitation adjustment factor, to obtain a high-band
signal of the current lost frame

FIG. 10
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module module
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