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BANDWIDTH EXTENSION METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 201310444398.3, filed
with the Chinese Patent Office on September 26, 2013 and entitled "BANDWIDTH EXTENSION
METHOD AND APPARATUS', which isincorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the field of audio encoding and decoding, and in particular,
to a bandwidth extension method and apparatus in an agebraic code excited linear prediction
(ACELP, Algebraic Code Excited Linear Prediction) of amedium and low rate wideband.

BACKGROUND

[0003] A blind bandwidth extension technology is a technology at a decoder, and a decoder
performs blind bandwidth extension according to a low-frequency decoding signal and by using a
corresponding prediction method.

[0004] During ACELP encoding and decoding of a medium and low rate wideband, existing
algorithms all first down-sample a wideband signal sampled at 16 kHz to 12.8 kHz, and then
perform encoding. In this way, bandwidth of asignal output after the encoding and decoding is only
6.4 kHz. If an original agorithm is not changed, information in a part with a bandwidth of 6.4 to 8
kHz or 6.4 to 7 kHz needs to be recovered in a manner of the blind bandwidth extension, that is,
corresponding recovery is performed only at the decoder.

[0005] However, a high-frequency signal recovered by the existing blind bandwidth extension
technology deviates much from an origina high-frequency signal, causing that the recovered

high-frequency signal is unsatisfactory.

SUMMARY

[0006] The present invention provides a bandwidth extension method and apparatus, and aims at
solving a problem that a high-frequency signal recovered by using an existing blind bandwidth
extension technology deviates much from an original high-frequency signal.

[0007] According to afirst aspect, a bandwidth extension method is provided, including: acquiring
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a bandwidth extension parameter, where the bandwidth extension parameter includes one or more
of the following parameters. a linear predictive coefficient LPC, a line spectral frequency LSF
parameter, a pitch period, a decoding rate, an adaptive codebook contribution, and an algebraic
codebook contribution; and performing, according to the bandwidth extension parameter,
bandwidth extension on a decoded low-frequency signal, to obtain a high-frequency signal.

[0008] With reference to the first aspect, in a first implementation manner of the first aspect, the
performing, according to the bandwidth extension parameter, bandwidth extension on a decoded
low-frequency signal, to obtain a high-frequency signal includes: predicting high-frequency energy
and a high band excitation signal according to the bandwidth extension parameter; and obtaining
the high-frequency signal according to the high-frequency energy and the high band excitation
signal.

[0009] With reference to the first implementation manner of the first aspect, in a second
implementation manner of the first aspect, the high-frequency energy includes a high-frequency
gain; and the predicting high-frequency energy and a high band excitation signal according to the
bandwidth extension parameter includes: predicting the high-frequency gain according to the LPC;
and adaptively predicting the high band excitation signal according to the LSF parameter, the
adaptive codebook contribution, and the algebraic codebook contribution.

[0010] With reference to the second implementation manner of the first aspect, in a third
implementation manner of the first aspect, the adaptively predicting the high band excitation signal
according to the LSF parameter, the adaptive codebook contribution, and the algebraic codebook
contribution includes: adaptively predicting the high band excitation signa according to the
decoding rate, the LSF parameter, the adaptive codebook contribution, and the agebraic codebook
contribution.

[0011] With reference to the first implementation manner of the first aspect, in a fourth
implementation manner of the first aspect, the high-frequency energy includes a high-frequency
gain; and the predicting high-frequency energy and a high band excitation signal according to the
bandwidth extension parameter includes. predicting the high-frequency gain according to the LPC;
and adaptively predicting the high band excitation signa according to the adaptive codebook
contribution and the algebraic codebook contribution.

[0012] With reference to the fourth implementation manner of the first aspect, in a fifth
implementation manner of the first aspect, the adaptively predicting the high band excitation signal
according to the adaptive codebook contribution and the algebraic codebook contribution includes:
adaptively predicting the high band excitation signal according to the decoding rate, the adaptive

codebook contribution, and the algebraic codebook contribution.
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[0013] With reference to the first implementation manner of the first aspect, in a sixth
implementation manner of the first aspect, the high-frequency energy includes a high-frequency
envelope; and the predicting high-frequency energy and a high band excitation signal according to
the bandwidth extension parameter includes. predicting the high-frequency envelope according to
the decoded low-frequency signal or a low-frequency excitation signal, where the low-frequency
excitation signal is the sum of the adaptive codebook contribution and the algebraic codebook
contribution; and predicting the high band excitation signal according to the decoded low-frequency
signal or the adaptive codebook contribution and the algebraic codebook contribution.

[0014] With reference to the sixth implementation manner of the first aspect, in a seventh
implementation manner of the first aspect, the predicting the high band excitation signal according
to the decoded low-frequency signal or a low-frequency excitation signal includes: predicting the
high band excitation signal according to the decoding rate and the decoded low-frequency signal.
[0015] With reference to the sixth implementation manner of the first aspect, in an eighth
implementation manner of the first aspect, the predicting the high band excitation signal according
to the decoded low-frequency signal or a low-frequency excitation signal includes: predicting the
high band excitation signal according to the decoding rate and the low-frequency excitation signal.
[0016] With reference to the first to the eighth implementation manners of the first aspect, in a
ninth implementation manner of the first aspect, after the predicting a high-frequency energy signa
and a high band excitation signal according to the bandwidth extension parameter, the method
further includes: determining a first correction factor according to at least one of the bandwidth
extension parameter and the decoded low-frequency signal, where the first correction factor
includes one or more of the following parameters: a voicing factor, a noise gate factor, and a
spectrum tilt factor; and correcting the high-frequency energy according to the first correction
factor.

[0017] With reference to the ninth implementation manner of the first aspect, in a tenth
implementation manner of the first aspect, the determining a first correction factor according to at
least one of the bandwidth extension parameter and the decoded low-frequency signal includes:
determining the first correction factor according to the pitch period, the adaptive codebook
contribution, the algebraic codebook contribution, and the decoded |ow-frequency signal.

[0018] With reference to the ninth implementation manner of the first aspect, in an eeventh
implementation manner of the first aspect, the determining a first correction factor according to at
least one of the bandwidth extension parameter and the decoded low-frequency signal includes:
determining the first correction factor according to the decoded low-frequency signal.

[0019] With reference to the ninth implementation manner of the first aspect, in a twelfth
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implementation manner of the first aspect, the determining a first correction factor according to at
least one of the bandwidth extension parameter and the decoded low-frequency signal includes:
determining the first correction factor according to the pitch period, the adaptive codebook
contribution, the algebraic codebook contribution, and the decoded |ow-frequency signal.

[0020] With reference to the ninth to the twelfth implementation manners of the first aspect, in a
thirteenth implementation manner of the first aspect, the method further includes: correcting the
high-frequency energy according to the pitch period.

[0021] With reference to the ninth to the thirteenth implementation manners of the first aspect, ina
fourteenth implementation manner of the first aspect, the method further includes: determining a
second correction factor according to at least one of the bandwidth extension parameter and the
decoded low-frequency signal, where the second correction factor includes at least one of a
classification parameter and a signal type; and correcting the high-frequency energy and the high
band excitation signal according to the second correction factor.

[0022] With reference to the fourteenth implementation manner of the first aspect, in a fifteenth
implementation manner of the first aspect, the determining a second correction factor according to
at least one of the bandwidth extension parameter and the decoded |ow-frequency signal includes:
determining the second correction factor according to the bandwidth extension parameter.

[0023] With reference to the fourteenth implementation manner of the first aspect, in a sixteenth
implementation manner of the first aspect, the determining a second correction factor according to
at least one of the bandwidth extension parameter and the decoded |ow-frequency signal includes:
determining the second correction factor according to the decoded low-frequency signal.

[0024] With reference to the fourteenth implementation manner of the first aspect, in a
seventeenth implementation manner of the first aspect, the determining a second correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency
signa includes. determining the second correction factor according to the bandwidth extension
parameter and the decoded low-frequency signal.

[0025] With reference to the ninth to the seventeenth implementation manners of the first aspect,
in an eighteenth implementation manner of the first aspect, the method further includes: weighting
the predicted high band excitation signal and a random noise signal, to obtain a final high band
excitation signal, where a weight of the weighting is determined according to a value of a
classification parameter and/or avoicing factor of the decoded low-frequency signal.

[0026] With reference to the first to the eighteenth implementation manners of the first aspect, in a
nineteenth implementation manner of the first aspect, the obtaining the high-frequency signa

according to the high-frequency energy and the high band excitation signal includes: synthesizing
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the high-frequency energy and the high band excitation signal, to obtain the high-frequency signal;
or synthesizing the high-frequency energy, the high band excitation signal, and a predicted LPC, to
obtain the high-frequency signal, where the predicted LPC includes a predicted high frequency band
LPC or apredicted wideband LPC, and the predicted LPC is obtained based on the LPC.

[0027] According to a second aspect, a bandwidth extension apparatus is provided, including: an
acquisition unit, configured to acquire a bandwidth extension parameter, where the bandwidth
extension parameter includes one or more of the following parameters. a linear predictive
coefficient LPC, a line spectral frequency LSF parameter, a pitch period, a decoding rate, an
adaptive codebook contribution, and an agebraic codebook contribution; and a bandwidth
extension unit, configured to perform, according to the bandwidth extension parameter acquired by
the acquisition unit, bandwidth extension on a decoded low-frequency signal, to obtain a
high-frequency signal.

[0028] With reference to the second aspect, in afirst implementation manner of the second aspect,
the bandwidth extension unit includes: a prediction subunit, configured to predict high-frequency
energy and a high band excitation signal according to the bandwidth extension parameter; and a
synthesis subunit, configured to obtain the high-frequency signal according to the high-frequency
energy and the high band excitation signal.

[0029] With reference to the first implementation manner of the second aspect, in a second
implementation manner of the second aspect, the high-frequency energy includes a high-frequency
gain; and the prediction subunit is specifically configured to: predict the high-frequency gain
according to the LPC; and adaptively predict the high band excitation signal according to the LSF
parameter, the adaptive codebook contribution, and the algebraic codebook contribution.

[0030] With reference to the first implementation manner of the second aspect, in a third
implementation manner of the second aspect, the high-frequency energy includes a high-frequency
gain; and the prediction subunit is specifically configured to: predict the high-frequency gain
according to the LPC; and adaptively predict the high band excitation signa according to the
decoding rate, the LSF parameter, the adaptive codebook contribution, and the agebraic codebook
contribution.

[0031] With reference to the first implementation manner of the second aspect, in a fourth
implementation manner of the second aspect, the high-frequency energy includes a high-frequency
gain; and the prediction subunit is specifically configured to: predict the high-frequency gain
according to the LPC; and adaptively predict the high band excitation signal according to the
adaptive codebook contribution and the algebraic codebook contribution.

[0032] With reference to the first implementation manner of the second aspect, in a fifth
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implementation manner of the second aspect, the high-frequency energy includes a high-frequency
gain; and the prediction subunit is specifically configured to: predict the high-frequency gain
according to the LPC; and adaptively predict the high band excitation signal according to the
decoding rate, the adaptive codebook contribution, and the algebraic codebook contribution.

[0033] With reference to the first implementation manner of the second aspect, in a sixth
implementation manner of the second aspect, the high-frequency energy includes a high-frequency
envelope; and the prediction subunit is specificaly configured to: predict the high-frequency
envel ope according to the decoded low-frequency signal; and predict the high band excitation signal
according to the decoded low-frequency signal or a low-frequency excitation signal, where the
low-frequency excitation signal is the sum of the adaptive codebook contribution and the algebraic
codebook contribution.

[0034] With reference to the sixth implementation manner of the second aspect, in a seventh
implementation manner of the second aspect, the prediction subunit is specifically configured to:
predict the high-frequency envelope according to the decoded low-frequency signal; and predict the
high band excitation signal according to the decoding rate and the low-frequency excitation signal.
[0035] With reference to the sixth implementation manner of the second aspect, in an eighth
implementation manner of the second aspect, the prediction subunit is specifically configured to:
predict the high-frequency envelope according to the decoded low-frequency signal; and predict the
high band excitation signal according to the decoding rate and the decoded low-frequency signal.
[0036] With reference to the first to the eighth implementation manners of the second aspect, in a
ninth implementation manner of the second aspect, the bandwidth extension unit further includes: a
first correction subunit, configured to: after the high-frequency energy signa and the high band
excitation signal are predicted according to the bandwidth extension parameter, determine a first
correction factor according to at least one of the bandwidth extension parameter and the decoded
low-frequency signal, where the first correction factor includes one or more of the following
parameters. a voicing factor, a noise gate factor, and a spectrum tilt factor; and correct the
high-frequency energy according to the first correction factor.

[0037] With reference to the ninth implementation manner of the second aspect, in a tenth
implementation manner of the second aspect, the first correction subunit is specifically configured
to: determine the first correction factor according to the pitch period, the adaptive codebook
contribution, and the agebraic codebook contribution; and correct the high-frequency energy
according to the first correction factor.

[0038] With reference to the ninth implementation manner of the second aspect, in an eleventh

implementation manner of the second aspect, the first correction subunit is specifically configured
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to: determine the first correction factor according to the decoded low-frequency signal; and correct
the high-frequency energy according to the first correction factor.

[0039] With reference to the ninth implementation manner of the second aspect, in a twelfth
implementation manner of the second aspect, the first correction subunit is specifically configured
to: determine the first correction factor according to the pitch period, the adaptive codebook
contribution, the algebraic codebook contribution, and the decoded low-frequency signal; and
correct the high-frequency energy according to the first correction factor.

[0040] With reference to the ninth to the twelfth implementation manners of the second aspect, in
a thirteenth implementation manner of the second aspect, the bandwidth extension unit further
includes. a second correction subunit, configured to correct the high-frequency energy according to
the pitch period.

[0041] With reference to the ninth to the thirteenth implementation manners of the second aspect,
in a fourteenth implementation manner of the second aspect, the bandwidth extension unit further
includes: athird correction subunit, configured to determine a second correction factor according to
at least one of the bandwidth extension parameter and the decoded low-frequency signal, where the
second correction factor includes at least one of a classification parameter and a signal type; and
correct the high-frequency energy and the high band excitation signal according to the second
correction factor.

[0042] With reference to the fourteenth implementation manner of the second aspect, in a fifteenth
implementation manner of the second aspect, the third correction subunit is specifically configured
to determine the second correction factor according to the bandwidth extension parameter; and
correct the high-frequency energy and the high band excitation signal according to the second
correction factor.

[0043] With reference to the fourteenth implementation manner of the second aspect, in a
sixteenth implementation manner of the second aspect, the third correction subunit is specifically
configured to determine the second correction factor according to the decoded low-frequency signal;
and correct the high-frequency energy and the high band excitation signal according to the second
correction factor.

[0044] With reference to the fourteenth implementation manner of the second aspect, in a
seventeenth implementation manner of the second aspect, the third correction subunit is specifically
configured to determine the second correction factor according to the bandwidth extension
parameter and the decoded low-frequency signal; and correct the high-frequency energy and the
high band excitation signal according to the second correction factor.

[0045] With reference to the ninth to the seventeenth implementation manners of the second
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aspect, in an eighteenth implementation manner of the second aspect, the bandwidth extension unit
further includes: a weighting subunit, configured to weight the predicted high band excitation signal
and a random noise signal, to obtain a final high band excitation signal, where a weight of the
weighting is determined according to a value of a classification parameter and/or a voicing factor of
the decoded low-frequency signal.

[0046] With reference to the first to the eighteenth implementation manners of the second aspect,
in a nineteenth implementation manner of the second aspect, the synthesis subunit is specifically
configured to: synthesize the high-frequency energy and the high band excitation signal, to obtain
the high-frequency signal; or synthesize the high-frequency energy, the high band excitation signal,
and a predicted LPC, to obtain the high-frequency signal, where the predicted LPC includes a
predicted high frequency band LPC or a predicted wideband LPC, and the predicted LPC is
obtained based on the LPC.

[0047] In the embodiments of the present invention, bandwidth extension is performed, by using a
bandwidth extension parameter and by using the bandwidth extension parameter, on a decoded
low-frequency signal, thereby recovering a high-frequency signal. The high-frequency signd
recovered by using the bandwidth extension method and apparatus in the embodiments of the

present invention is close to an original high-frequency signal, and the quality is satisfactory.

BRIEF DESCRIPTION OF DRAWINGS

[0048] To describe the technical solutions in the embodiments of the present invention more
clearly, the following briefly introduces the accompanying drawings required for describing the
embodiments of the present invention. Apparently, the accompanying drawings in the following
description show merely 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.

[0049] FIG. 1isaflowchart of a bandwidth extension method according to an embodiment of the
present invention,

[0050] FIG. 2 is a block diagram of an implementation of a bandwidth extension method
according to an embodiment of the present invention;

[0051] FIG. 3isablock diagram of an implementation of a bandwidth extension method in atime
domain and a frequency domain according to an embodiment of the present invention;

[0052] FIG. 4 is a block diagram of an implementation of a bandwidth extension method in a
frequency domain according to an embodiment of the present invention;

[0053] FIG. 5isablock diagram of an implementation of a bandwidth extension method in atime
8
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domain according to an embodiment of the present invention,

[0054] FIG. 6 is a schematic structural diagram of a bandwidth extension apparatus according to
an embodiment of the present invention;

[0055] FIG. 7 is a schematic structural diagram of a bandwidth extension unit in a bandwidth
extension apparatus according to an embodiment of the present invention;

[0056] FIG. 8 is a schematic structural diagram of a bandwidth extension unit in a bandwidth
extension apparatus according to another embodiment of the present invention;

[0057] FIG. 9 is a schematic structural diagram of a bandwidth extension unit in a bandwidth
extension apparatus according to another embodiment of the present invention;

[0058] FIG. 10 is a schematic structural diagram of a bandwidth extension unit in a bandwidth
extension apparatus according to another embodiment of the present invention;

[0059] FIG. 11 is a schematic structural diagram of a bandwidth extension unit in a bandwidth
extension apparatus according to another embodiment of the present invention; and

[0060] FIG. 12 is a schematic structural diagram of a decoder according to an embodiment of the

present invention.

DESCRIPTION OF EMBODIMENTS

[0061] 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 some but not al 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.

[0062] In the embodiments of the present invention, bandwidth extension is performed on a
low-frequency signal according to any one of or a combination of some of a decoding rate, an LPC
coefficient (an LSF parameter) and a pitch period that are obtained by directly decoding a code
stream, an adaptive codebook contribution and an algebraic codebook contribution that are obtained
by intermediate decoding, and a low-frequency signal obtained by final decoding, thereby
recovering a high-frequency signal.

[0063] The following describes in detail a bandwidth extension method according to an
embodiment of the present invention with reference to FIG. 1, which may include the following
steps.

[0064] S11: A decoder acquires a bandwidth extension parameter, where the bandwidth extension

parameter includes one or more of the following parameters. a linear predictive coefficient (LPC,
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Linear Predictive coefficient), aline spectral frequency (LSF, Linear Spectral Frequency) parameter,
apitch period, an adaptive codebook contribution, and an algebraic codebook contribution.

[0065] The decoder may be disposed in a hardware device such as a mobile phone, a tablet, a
computer, atelevision set, a set top box, or a gaming console on which a decoding operation needs
to be performed, and work under the control of processors in these hardware devices. The decoder
may aso be an independent hardware device, where the hardware device includes a processor, and
the hardware device works under the control of the processor.

[0066] Specificaly, the LPC is a coefficient of a linear prediction filter, and the linear prediction
filter can describe a basic feature of a sound channel model, and the LPC aso reflects an energy
change trend of a signa in a frequency domain. The LSF parameter is a representation manner of
the frequency domain of the LPC.

[0067] In addition, when a person produces a voiced sound, an airflow passes through a glottis,
and makes vocal cords produce a relaxation oscillatory vibration, thereby creating a quasi-periodic
pulse airflow. This airflow excites a sound channel and then the voiced sound is produced, which is
also referred to as a voiced speech. The voiced speech carries most energy in a speech. Such a
frequency at which the vocal cords vibrate is referred to as a fundamental frequency, and a
corresponding period is referred to as the pitch period.

[0068] The decoding rate refers to that, in a speech encoding agorithm, encoding and decoding
are both processed according to a rate (a bit rate) that is set in advance, and for different decoding
rates, processing manners or parameters may be different.

[0069] The adaptive codebook contribution is a quasi-periodic portion in aresidual signal after a
speech signa is analyzed by using the LPC. The agebraic codebook contribution refers to a
quasi-noise portion in the residual signal after the speech signal is analyzed by using the LPC.
[0070] Herein, the LPC and the LSF parameter may be obtained by directly decoding the code
stream; the adaptive codebook contribution and the algebraic codebook contribution may be
combined to obtain alow-frequency excitation signal.

[0071] The adaptive codebook contribution reflects a quasi-periodic constituent of the signal, and
the algebraic codebook contribution reflects a quasi-noise constituent of the signal.

[0072] S12: The decoder performs, according to the bandwidth extension parameter, bandwidth
extension on a decoded |ow-frequency signal, to obtain a high-frequency signal.

[0073] For example, first, high-frequency energy and a high band excitation signa are predicted
according to the bandwidth extension parameter, where the high-frequency energy may include a
high-frequency envelope or a high-frequency gain; then, the high-frequency signal is obtained
according to the high-frequency energy and the high band excitation signal.
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[0074] Further, for a difference between a time domain and a frequency domain, the bandwidth
extension parameter involved in the prediction of the high-frequency energy or the high band
excitation signal may be different.

[0075] If the bandwidth extension is performed in the time domain and the frequency domain, the
predicting high-frequency energy and a high band excitation signal according to the bandwidth
extension parameter may include: predicting the high-frequency gain according to the LPC; and
adaptively predicting the high band excitation signal according to the LSF parameter, the adaptive
codebook contribution and the algebraic codebook contribution. Further, the high band excitation
signa may be further adaptively predicted according to the decoding rate, the LSF parameter, the
adaptive codebook contribution, and the algebraic codebook contribution.

[0076] Optionaly, if the bandwidth extension is performed in the time domain, the predicting
high-frequency energy and a high band excitation signal according to the bandwidth extension
parameter may include: predicting the high-frequency gain according to the LPC; and adaptively
predicting the high band excitation signal according to the adaptive codebook contribution and the
algebraic codebook contribution. Further, the high band excitation signal may be further adaptively
predicted according to the decoding rate, the adaptive codebook contribution, and the algebraic
codebook contribution.

[0077] Optiondly, if the bandwidth extension is performed in the frequency domain, the
predicting high-frequency energy and a high band excitation signal according to the bandwidth
extension parameter may include: predicting the high-frequency envel ope according to the decoded
low-frequency signal; and predicting the high band excitation signal according to the decoded
low-frequency signal or a low-frequency excitation signal. Herein, the low-frequency excitation
signa is the sum of the adaptive codebook contribution and the algebraic codebook contribution.
Further, the high band excitation signal may also be predicted according to the decoding rate and
the decoded low-frequency signal; or the high band excitation signal may also be predicted
according to the decoding rate and the low-frequency excitation signal.

[0078] In addition, after the predicting high-frequency energy and a high band excitation signal
according to the bandwidth extension parameter, the bandwidth extension method in this
embodiment of the present invention may further include: determining a first correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency
signal, where the first correction factor includes one or more of the following parameters: a voicing
factor, a noise gate factor, and a spectrum tilt factor; and correcting the high-frequency energy
according to the first correction factor. For example, the voicing factor or the noise gate factor may

be determined according to the bandwidth extension parameter, and the spectrum tilt factor may be
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determined according to the decoded low-frequency signal.

[0079] The determining a first correction factor according to the bandwidth extension parameter
and the decoded low-frequency signal may include: determining the first correction factor according
to the decoded low-frequency signal; or, determining the first correction factor according to the
pitch period, the adaptive codebook contribution, and the algebraic codebook contribution; or,
determining the first correction factor according to the pitch period, the adaptive codebook
contribution, the algebraic codebook contribution, and the decoded |ow-frequency signal.

[0080] In addition, the bandwidth extension method in this embodiment of the present invention
may further include: correcting the high-frequency energy signal according to the pitch period.
[0081] In addition, the bandwidth extension method in this embodiment of the present invention
may further include: determining a second correction factor according to at least one of the
bandwidth extension parameter and the decoded low-frequency signal, where the second correction
factor includes at least one of a classification parameter and a signal type;, and correcting the
high-frequency energy and the high band excitation signal according to the second correction factor.
[0082] Specificaly, the determining a second correction factor according to at least one of the
bandwidth extension parameter and the decoded |ow-frequency signal may include: determining the
second correction factor according to the bandwidth extension parameter; or, determining the
second correction factor according to the decoded low-frequency signal; or, determining the second
correction factor according to the bandwidth extension parameter and the decoded low-frequency
signal.

[0083] In addition, the bandwidth extension method in this embodiment of the present invention
may further include: correcting the high band excitation signal according to a random noise signd
and the decoding rate.

[0084] Moreover, the obtaining the high-frequency signal according to the high-frequency energy
and the high band excitation signal may include: synthesizing the high-frequency energy and the
high band excitation signal, to obtain the high-frequency signal; or synthesizing the high-frequency
energy, the high band excitation signal, and a predicted LPC, to obtain the high-frequency signal,
where the predicted LPC includes a predicted high frequency band LPC or a predicted wideband
LPC, and the predicted LPC is obtained based on the LPC. The "wideband" in the wideband LPC
herein includes a low frequency band and a high frequency band.

[0085] It can be seen from the above that, in this embodiment of the present invention, bandwidth
extension is performed, by using a bandwidth extension parameter, on a decoded low-frequency
signal, thereby recovering a high-frequency signal. The high-frequency signal recovered by using
the bandwidth extension method in this embodiment of the present invention is close to an original
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high-frequency signal, and the quality is satisfactory.

[0086] That is, in the bandwidth extension method in this embodiment of the present invention,
high-frequency energy is predicted by fully using a low-frequency parameter obtained by directly
decoding a code stream, a intermediate decoded parameter, or the low-frequency signal obtained by
final decoding; a high band excitation signal is adaptively predicted according to a low-frequency
excitation signal, so that the high-frequency signal that is finaly output is closer to the original
high-frequency signal, thereby improving quality of the output signal.

[0087] The following describes specific embodiments of the present invention in detail with
reference to accompanying drawings.

[0088] First, FIG. 2 shows a schematic flowchart of a bandwidth extension method according to a
specific embodiment of the present invention.

[0089] Asshownin FIG. 2, first, any one of or a combination of some of a voicing factor, a noise
gate factor, a spectrum tilt factor, and a value of a classification parameter is calculated according to
any one of or a combination of some of a decoding rate, an LPC (or an LSF parameter) and a pitch
period that are obtained by directly decoding a code stream, parameters such as an adaptive
codebook contribution and an algebraic codebook contribution that are obtained by intermediate
decoding, and a low-frequency signal obtained by final decoding. The voicing factor is aratio of the
adaptive codebook contribution to the algebraic codebook contribution, the noise gate factor is a
parameter used to represent magnitude of a signal background noise, and the spectrum tilt factor is
used to represent a degree of signal spectrum tilt or an energy change trend of a signal between
different frequency bands, where the classification parameter is a parameter used to differentiate
signa types. Then, a high frequency band LPC or a wideband LPC, high-frequency energy (for
example, a high-frequency gain, or a high-frequency envelope), and a high band excitation signal
are predicted. Finaly, a high-frequency signal is synthesized by using the predicted high-frequency
energy and high band excitation signal, or by using the predicted high-frequency energy and high
band excitation signal, and the predicted LPC.

[0090] Specifically, the high frequency band LPC or the wideband LPC may be predicted
according to the LPC obtained by decoding.

[0091] The high-frequency envelope or the high-frequency gain may be predicted in the following
manner:

[0092] For example, the high-frequency gain or the high-frequency envelope is predicted by using
the predicted LPC and the LPC obtained by decoding, or a relationship between high and low
frequencies of the decoded low-frequency signal.

[0093] Alternatively, for example, for different signal types, different correction factors are
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calculated to correct the predicted high-frequency gain or high-frequency envelope. For example,
the predicted high-frequency envelope or high-frequency gain may be corrected by using a
weighted value or weighted values of any one or some of the classification parameter, the spectrum
tilt factor, the voicing factor, and the noise gate factor of the decoded low-frequency signal.
Alternatively, for a signal whose pitch period is stable, the predicted high-frequency envelope may
be further corrected by using the pitch period.

[0094] The high band excitation signal may be predicted in the following manner:

[0095] For example, for different decoding rates or different types of signals, high band excitation
signas are predicted by adaptively selecting low-frequency signals with different frequency bands
and obtained by decoding, or by using different prediction agorithms.

[0096] Further, the predicted high band excitation signa and a random noise signal are weighted,
to obtain a final high band excitation signal, where aweight is determined according to the value of
the classification parameter and/or the voicing factor of the decoded low-frequency signal.

[0097] Finaly, the high-frequency signa is synthesized by using the predicted high-frequency
energy and high band excitation signal, or by using the predicted high-frequency energy and high
band excitation signal, and the predicted LPC.

[0098] It can be seen from the above that, in the bandwidth extension method in this embodiment
of the present invention, high-frequency energy is predicted by fully using a low-frequency
parameter obtained by directly decoding a code stream, an intermediate decoded parameter, or a
low-frequency signal obtained by final decoding; a high band excitation signal is adaptively
predicted according to a low-frequency excitation signal, so that a high-frequency signal that is
finally output is closer to an origina high-frequency signal, thereby improving quality of the output
signal.

[0099] For adifference between atime domain and afrequency domain, a specific implementation
process of the bandwidth extension method in this embodiment of the present invention may vary.
The following separately describes specific embodiments for the time domain and the frequency
domain, for the frequency domain, and for the time domain with reference to FIG. 3to FIG. 5.
[0100] As shown in FIG. 3, in a specific implementation process of performing bandwidth
extension in atime domain and a frequency domain:

[0101] First, awideband LPC is predicted according to an LPC obtained by decoding.

[0102] Then, a high-frequency gain is predicted by using a relationship between the predicted
wideband LPC and the LPC obtained by decoding. Moreover, for different signa types, different
correction factors are calculated to correct the predicted high-frequency gain. For example, the

predicted high-frequency gain is corrected by using a classification parameter, a spectrum tilt factor,
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a voicing factor, and a noise gate factor of a decoded low-frequency signal. A corrected
high-frequency gain is proportiona to a minimum noise gate factor ng_min, proportional to a value
fmerit of the classification parameter, proportional to an opposite number of the spectrum tilt factor
tilt, and inversely proportional to the voicing factor voice fac. In this case, alarger high-frequency
gain indicates a smaller spectrum tilt factor; alouder background noise indicates a larger noise gate
factor; a stronger speech characteristic indicates a larger value of the classification parameter. For
example, the corrected high-frequency gain gain = gain * (1-tilt) * fmerit * (30+ng_min) *
(1.6—voice fac). Herein, a noise gate factor evaluated in each frame needs to be compared with a
given threshold; therefore, when the noise gate factor evaluated in each frame is less than the given
threshold, the minimum noise gate factor is equal to the noise gate factor evaluated in each frame;
otherwise, the minimum noise gate factor is equal to the given threshold.

[0103] Moreover, for different decoding rates or different types of signals, high band excitation
signas are predicted by adaptively selecting low-frequency signals with different frequency bands
and obtained by decoding, or by using different prediction algorithms. For example, when a
decoding rate is greater than a given value, a low-frequency excitation signal (the sum of the
adaptive codebook contribution and the algebraic codebook contribution) with a frequency band
adjacent to the high-frequency signal is used as the high band excitation signal; otherwise, a signal
with a frequency band whose encoding quality is better (that is, a difference value between LSF
parameters is smaller) is adaptively selected from low-frequency excitation signals as the high band
excitation signal by using the difference value between the LSF parameters. It may be understood
that, different decoders may select different given values. For example, an adaptive multi-rate
wideband (AMR-WB, Adaptive Multi-Rate Wideband) codec supports decoding rates such as 12.65
kbps, 15.85 kbps, 18.25 kbps, 19.85 kbps, 23.05 kbps, and 23.85 kbps, and then the AMR-WB
codec may select 19.85 kbps as the given value.

[0104] AnN ISF parameter (the ISF parameter is a group of numbers, and is the same as an order of
an LPC coefficient) is a representation manner of a frequency domain of the LPC coefficient, and
reflects an energy change of a speech/audio signa in the frequency domain. A value of the ISF
roughly corresponds to an entire frequency band from a low frequency to a high frequency of the
speech/audio signal, and each value of the ISF parameter corresponds to one corresponding
frequency value.

[0105] In an embodiment of the present invention, that a signal with a frequency band whose
encoding quality is better (that is, a difference value between LSF parameters is smaller) is
adaptively selected from low-frequency excitation signals as the high band excitation signal by
using the difference value between the LSF parameters may include: a difference value between
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each two L SF parameters is calculated, to obtain a group of difference values of the LSF parameters,
a minimum difference value is searched for, and a frequency bin corresponding to the LSF
parameter is determined according to the minimum difference value; and a frequency domain
excitation signa with a frequency band is selected from frequency domain excitation signals
according to the frequency bin, and is used as an excitation signal with a high frequency band.
There are multiple selection manners. If the frequency binis F1, asigna with afrequency band of a
needed length may be selected from a frequency pin F1-F, and is used as the high band excitation
signal, where F>=0, and the specifically selected length is determined according to bandwidth and a
signal feature of a high-frequency signal that need to be recovered.

[0106] In addition, when the frequency band whose encoding quality is better is adaptively
selected from the low-frequency excitation signals, for amusic signal or a speech signal, a different
minimum start selection frequency bin is selected. For example, for the speech signal, the selection
may be performed adaptively from arange of 2 to 6 kHz; for the music signal, the selection may be
performed adaptively from arange of 1 to 6 kHz. The predicted high band excitation signal and a
random noise signal may be further weighted, to obtain afinal high band excitation signal, where a
weight of the weighting is determined according to the value of the classification parameter and/or

the voicing factor of the low-frequency signal:

exdn] = a* exdn]+ B* randonn], where o =\/7/* frerit* (1-voice_fac), f=1-a

where exc[n] is the predicted high band excitation signal, random[n] is the random noise
signal, a is a weight of the predicted high band excitation signal, B is a weight of the random noise
signal, y is a value that is preset when the weight of the predicted high band excitation signal is
calculated to be a, fmerit is the value of the classification parameter, and voice fac is the voicing
factor.
[0107] Itiseasy to understand that, signal classification methods are different, and therefore high
band excitation signals are predicted by adaptively selecting low-frequency signals with different
frequency bands and obtained by decoding or by using different prediction algorithms. For example,
signals may be classified into speech signals and music signas, where the speech signals may be
further classified into unvoiced sounds, voiced sounds, and transition sounds. Alternatively, the
signals may be further classified into transient signals and non-transient signal's, and so on.
[0108] Finaly, the high-frequency signa is synthesized by using the predicted high-frequency
gain and high band excitation signal, and the predicted LPC. The high band excitation signa is
corrected by using the predicted high-frequency gain, and then a corrected high band excitation
signal passes through an LPC synthesis filter, to obtain a high-frequency signal that is finally output;
or the high band excitation signal passes through an LPC synthesis filter, to obtain a high-frequency
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signal, and then the high-frequency signal is corrected by using the high-frequency gain, to obtain a
high-frequency signal that isfinally output. The LPC synthesisfilter isalinear filter, and therefore a
correction before the synthesis is the same as a correction after the synthesis. That is, a result of
correcting the high band excitation signal before the synthesis by using the high-frequency gain is
the same as a result of correcting the high band excitation signal after the synthesis by using the
high-frequency gain, and therefore there is no sequential order for correction.

[0109] Herein, in a synthesis process, the obtained high band excitation signal of the frequency
domain is converted into the high band excitation signa of the time domain, the high band
excitation signal of the time domain and the high-frequency gain of the time domain are used as
inputs of the synthesis filter, and the predicted LPC coefficient is used as a coefficient of the
synthesis filter, thereby obtaining the synthesized high-frequency signal.

[0110] It can be seen from the above that, in the bandwidth extension method in this embodiment
of the present invention, high-frequency energy is predicted by fully using a low-frequency
parameter obtained by directly decoding a code stream, a intermediate decoded parameter, or a
low-frequency signal obtained by final decoding; a high band excitation signal is adaptively
predicted according to a low-frequency excitation signal, so that a high-frequency signal that is
finally output is closer to an origina high-frequency signal, thereby improving quality of the output
signal.

[0111] As shown in FIG. 4, in a specific implementation process of performing bandwidth
extension in afrequency domain:

[0112] First, ahigh frequency band LPC is predicted according to an LPC obtained by decoding.
[0113] Then, a high-frequency signal that needs to be extended is divided into M sub-bands, and
high-frequency envelopes of the M sub-bands are predicted. For example, N frequency bands
adjacent to the high-frequency signal are selected from a decoded low-frequency signal, energy or
amplitude of the N frequency bands is calculated, and the high-frequency envelopes of the M
sub-bands are predicted according to a size relationship between the energy or the amplitude of the
N frequency bands. Herein, M and N are both preset values. For example, the high-frequency signal
is divided into M=2 sub-bands, and N=2 or 4 sub-bands adjacent to the high-frequency signal are
selected.

[0114] Further, the predicted high-frequency envelopes are corrected by using a classification
parameter of the decoded low-frequency signal, a pitch period, an energy or amplitude ratio
between high and low frequencies of the low-frequency signal, a voicing factor, and a noise gate
factor. Herein, high frequencies and low frequencies may be divided differently for different

low-frequency signals. For example, if bandwidth of a low-frequency signal is 6 kHz, 0 to 3 kHz
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and 3 to 6 kHz may be respectively used as low frequencies and high frequencies of the
low-frequency signal, or 0 to 4 kHz and 4 to 6 kHz may be respectively used as low frequencies and
high frequencies of the low-frequency signal.

[0115] A corrected high-frequency envelope is proportional to a minimum noise gate factor
ng_min, proportional to a value fmerit of the classification parameter, proportiona to an opposite
number of a spectrum tilt factor tilt, and inversely proportional to the voicing factor voice fac. In
addition, for a signal whose pitch period pitch is stable, a corrected high-frequency envelope is
proportional to the pitch period. In this case, larger high-frequency energy indicates a smaller
spectrum tilt factor; alouder background noise indicates alarger noise gate factor; a stronger speech
characteristic indicates a larger value of the classification parameter. For example, the corrected
high-frequency envelope gain *= (1-ilt) * fmerit * (30+ng_min) * (1.6-voice fac) * (pitch/100).
[0116] Next, when a decoding rate is greater than or equal to a given threshold, a frequency band,
of alow-frequency signal, adjacent to the high-frequency signal is selected to predict a high band
excitation signal; or, when a decoding rate is less than a given threshold, a sub-band whose
encoding quality is better is adaptively selected to predict a high band excitation signal. Herein, the
given threshold may be an empirical value.

[0117] Further, the predicted high band excitation signal is weighted by using a random noise
signal, and a weighted value is determined by the classification parameter of the low-frequency
signal. A weight of the random noise signal is proportional to a size of a classification parameter of

the low-frequency signal:

exc[n] = B* exc[n] + a * randon[n], where a = W, b= \/m

where exc[n] is the predicted high band excitation signal, random[n] is the random noise
signal, o is a weight of the predicted high band excitation signal, B is the weight of the random
noise signal, y is a value that is preset when the weight of the predicted high band excitation signal
is calculated to be o, and fmerit is a value of the classification parameter.
[0118] Finaly, the high-frequency signa is synthesized by using the predicted high-frequency
envel ope and high band excitation signal.
[0119] Herein, a synthesis process may be directly multiplying the high band excitation signal of
the frequency domain by the high-frequency envelope of the frequency domain, to obtain the
synthesized high-frequency signal.
[0120] It can be seen from the above that, in the bandwidth extension method in this embodiment
of the present invention, high-frequency energy is predicted by fully using a low-frequency
parameter obtained by directly decoding a code stream, a intermediate decoded parameter, or a

low-frequency signal obtained by final decoding; a high band excitation signal is adaptively
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predicted according to a low-frequency excitation signal, so that a high-frequency signal that is
finally output is closer to an origina high-frequency signal, thereby improving quality of the output
signal.
[0121] As shown in FIG. 5, in a specific implementation process of performing bandwidth
extension in atime domain:
[0122] First, awideband LPC is predicted according to an LPC obtained by decoding.
[0123] Then, a high-frequency signal that needs to be extended is divided into M subframes, and
high-frequency gains of the M subframes are predicted by using a relationship between the
predicted wideband LPC and the LPC obtained by decoding.
[0124] Then, a high-frequency gain of a current subframe is predicted by using a low-frequency
signal or alow-frequency excitation signal of the current subframe or a current frame.
[0125] Further, the predicted high-frequency gain is corrected by using a classification parameter
of the decoded low-frequency signal, a pitch period, an energy or amplitude ratio between high and
low frequencies of the low-frequency signal, a voicing factor, and a noise gate factor. A corrected
high-frequency gain is proportiona to a minimum noise gate factor ng_min, proportional to a value
fmerit of the classification parameter, proportional to an opposite number of a spectrum tilt factor
tilt, and inversely proportional to the voicing factor voice fac. In addition, for a signal whose pitch
period pitch is stable, a corrected high-frequency gain is proportiona to the pitch period. In this
case, larger high-frequency energy indicates a smaller spectrum tilt factor; a louder background
noise indicates alarger noise gate factor; a stronger speech characteristic indicates a larger value of
the classification parameter. For example, the corrected high-frequency gain gain *= (1-tilt) *
fmerit * (30+ng_min) * (1.6—voice_fac) * (pitch/100),

where tilt is the spectrum tilt factor, fmerit is the value of the classification parameter,
ng_min is the minimum noise gate factor, voice fac is the voicing factor, and pitch is the pitch
period.
[0126] Next, when a decoding rate is greater than or equal to a given threshold, a frequency band,
of the decoded low-frequency signal, adjacent to the high-frequency signal is selected to predict a
high band excitation signal; or, when a decoding rate is less than a given threshold, a frequency
band whose encoding quality is better is adaptively selected to predict a high band excitation signal.
That is, a low-frequency excitation signal (an adaptive codebook contribution and an algebraic
codebook contribution) with a frequency band adjacent to the high-frequency signal may be used as
the high band excitation signal.
[0127] Further, the predicted high band excitation signal is weighted by using a random noise
signal, and a weighted value is determined by the classification parameter of the low-frequency
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signa and aweighted value of the voicing factor.

[0128] Finaly, the high-frequency signa is synthesized by using the predicted high-frequency
gain and high band excitation signal, and the predicted L PC.

[0129] Herein, a synthesis process may be using the high band excitation signa of the time
domain and the high-frequency gain of the time domain as inputs of a synthesis filter, and using the
predicted LPC coefficient as a coefficient of the synthesis filter, thereby obtaining the synthesized
high-frequency signal.

[0130] It can be seen from the above that, in the bandwidth extension method in this embodiment
of the present invention, high-frequency energy is predicted by fully using a low-frequency
parameter obtained by directly decoding a code stream, a intermediate decoded parameter, or a
low-frequency signal obtained by final decoding; a high band excitation signal is adaptively
predicted according to a low-frequency excitation signal, so that a high-frequency signal that is
finally output is closer to an origina high-frequency signal, thereby improving quality of the output
signal.

[0131] FIG. 6to FIG. 11 show structural diagrams of a bandwidth extension apparatus according
to an embodiment of the present invention. As shown in FIG. 6, a bandwidth extension apparatus 60
includes an acquisition unit 61 and a bandwidth extension unit 62. The acquisition unit 61 is
configured to acquire a bandwidth extension parameter, where the bandwidth extension parameter
includes one or more of the following parameters: alinear predictive coefficient LPC, aline spectra
frequency LSF parameter, a pitch period, a decoding rate, an adaptive codebook contribution, and
an algebraic codebook contribution. The bandwidth extension unit 62 is configured to perform,
according to the bandwidth extension parameter acquired by the acquisition unit 61, bandwidth
extension on a decoded low-frequency signal, to obtain a high-frequency signal.

[0132] Further, as shown in FIG. 7, the bandwidth extension unit 62 includes a prediction subunit
621 and a synthesis subunit 622. The prediction subunit 621 is configured to predict high-frequency
energy and a high band excitation signal according to the bandwidth extension parameter. The
synthesis subunit 622 is configured to obtain the high-frequency signal according to the
high-frequency energy and the high band excitation signal. Specifically, the synthesis subunit 622 is
configured to: synthesize the high-frequency energy and the high band excitation signal, to obtain
the high-frequency signal; or synthesize the high-frequency energy, the high band excitation signal,
and a predicted LPC, to obtain the high-frequency signal, where the predicted LPC includes a
predicted high frequency band LPC or a predicted wideband LPC, and the predicted LPC is
obtained based on the LPC.

[0133] Specifically, the high-frequency energy includes a high-frequency gain; and the prediction
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subunit 621 is configured to: predict the high-frequency gain according to the LPC; and adaptively
predict the high band excitation signal according to the LSF parameter, the adaptive codebook
contribution, and the algebraic codebook contribution.

[0134] Alternatively, the high-frequency energy includes a high-frequency gain; and the prediction
subunit 621 is configured to: predict the high-frequency gain according to the LPC; and adaptively
predict the high band excitation signal according to the decoding rate, the LSF parameter, the
adaptive codebook contribution, and the algebraic codebook contribution.

[0135] Alternatively, the high-frequency energy includes a high-frequency gain; and the prediction
subunit 621 is configured to: predict the high-frequency gain according to the LPC; and adaptively
predict the high band excitation signa according to the adaptive codebook contribution and the
algebraic codebook contribution.

[0136] Alternatively, the high-frequency energy includes a high-frequency gain; and the prediction
subunit 621 is configured to: predict the high-frequency gain according to the LPC; and adaptively
predict the high band excitation signal according to the decoding rate, the adaptive codebook
contribution, and the algebraic codebook contribution.

[0137] Alternatively, the high-frequency energy includes a high-frequency envelope; and the
prediction subunit 621 is configured to: predict the high-frequency envelope according to the
decoded low-frequency signal; and predict the high band excitation signal according to the decoded
low-frequency signal or a low-frequency excitation signal, where the low-frequency excitation
signal isthe sum of the adaptive codebook contribution and the algebraic codebook contribution.
[0138] Alternatively, the high-frequency energy includes a high-frequency envelope; the
prediction subunit 621 is configured to predict the high-frequency envelope according to the
decoded low-frequency signal, and predict the high band excitation signal according to the decoding
rate and the decoded low-frequency signal.

[0139] Alternatively, the high-frequency energy includes a high-frequency envelope; the
prediction subunit 621 is configured to predict the high-frequency envelope according to the
decoded low-frequency signal, and predict the high band excitation signal according to the decoding
rate and the low-frequency excitation signal.

[0140] In addition, the bandwidth extension unit 62 further includes afirst correction subunit 623,
as shown in FIG. 8. The first correction subunit 623 is configured to: after the high-frequency
energy signa and the high band excitation signal are predicted according to the bandwidth
extension parameter, determine a first correction factor according to at least one of the bandwidth
extension parameter and the decoded low-frequency signal; and correct the high-frequency energy

according to the first correction factor, where the first correction factor includes one or more of the
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following parameters. a voicing factor, a noise gate factor, and a spectrum tilt factor.

[0141] Specifically, the first correction subunit 623 is configured to determine the first correction
factor according to the pitch period, the adaptive codebook contribution, and the algebraic
codebook contribution; and correct the high-frequency energy according to the first correction
factor. Alternatively, the first correction subunit is specificaly configured to: determine the first
correction factor according to the decoded low-frequency signal; and correct the high-frequency
energy according to the first correction factor. Alternatively, the first correction subunit is
specifically configured to: determine the first correction factor according to the pitch period, the
adaptive codebook contribution, the agebraic codebook contribution, and the decoded
low-frequency signal; and correct the high-frequency energy according to the first correction factor.
[0142] In addition, the bandwidth extension unit 62 further includes a second correction subunit
624, as shown in FIG. 9, configured to correct the high-frequency energy according to the pitch
period.

[0143] In addition, the bandwidth extension unit 62 further includes a third correction subunit 625,
as shown in FIG. 10, configured to determine a second correction factor according to at least one of
the bandwidth extension parameter and the decoded low-frequency signal, where the second
correction factor includes at least one of a classification parameter and asignal type; and correct the
high-frequency energy and the high band excitation signal according to the second correction factor.
[0144] Specificaly, the third correction subunit 625 is configured to determine the second
correction factor according to the bandwidth extension parameter; and correct the high-frequency
energy and the high band excitation signal according to the second correction factor. Alternatively,
the third correction subunit 625 is configured to determine the second correction factor according to
the decoded low-frequency signal; and correct the high-frequency energy and the high band
excitation signal according to the second correction factor. The third correction subunit 625 is
configured to determine the second correction factor according to the bandwidth extension
parameter and the decoded low-frequency signal; and correct the high-frequency energy and the
high band excitation signal according to the second correction factor.

[0145] Further, the bandwidth extension unit 62 further includes a weighting subunit 626, as
shown in FIG. 11, configured to weight the predicted high band excitation signal and a random
noise signal, to obtain a final high band excitation signal, where a weight of the weighting is
determined according to a value of a classification parameter and/or a voicing factor of the decoded
low-frequency signal.

[0146] In an embodiment of the present invention, the bandwidth extension apparatus 60 may

further include a processor, where the processor is configured to control units included in the
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bandwidth extension apparatus.

[0147] It can be seen from the above that, the bandwidth extension apparatus in this embodiment
of the present invention predicts high-frequency energy by fully using a low-frequency parameter
obtained by directly decoding a code stream, a intermediate decoded parameter, or alow-frequency
signal obtained by final decoding; adaptively predicts a high band excitation signal according to a
low-frequency excitation signal, so that a high-frequency signal that is finally output is closer to an
original high-frequency signal, thereby improving quality of the output signal.

[0148] FIG. 12 shows a schematic structural diagram of a decoder 120 according to an
embodiment of the present invention. The decoder 120 includes a processor 121 and a memory 122.
[0149] The processor 121 implements a bandwidth extension method in an embodiment of the
present invention. That is, the processor 121 is configured to acquire a bandwidth extension
parameter, where the bandwidth extension parameter includes one or more of the following
parameters. a linear predictive coefficient LPC, a line spectral frequency LSF parameter, a pitch
period, a decoding rate, an adaptive codebook contribution, and an algebraic codebook contribution;
and perform, according to the bandwidth extension parameter, bandwidth extension on a decoded
low-frequency signal, to obtain a high-frequency signal. The memory 122 is configured to store
instructions to be executed by the processor 121.

[0150] It should be understood that, a solution described in each claim of the present invention
should also be considered as an embodiment, and is a feature in the claim and may be combined.
For example, different branch steps performed after determining steps in the present invention may
be used as different embodiments.

[0151] A person of ordinary skill in the art may be aware that, in combination with the examples
described in the embodiments disclosed in this specification, units and algorithm steps may be
implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. A person skilled in the art
may use different methods to implement the described functions for each particular application, but
it should not be considered that the implementation goes beyond the scope of the present invention.

[0152] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system, apparatus,
and unit, reference may be made to a corresponding process in the foregoing method embodiments,
and details are not described herein again.

[0153] In the some embodiments provided in the present application, it should be understood that

the disclosed system, apparatus, and method may be implemented in other manners. For example,
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the described apparatus embodiment is merely exemplary. For example, the unit division is merely
logical function division and may be other division in actual implementation. For example, a
plurality of units or components may be combined or integrated into another system, or some
features may be ignored or not performed. In addition, the displayed or discussed mutual couplings
or direct couplings or communication connections may be implemented by using some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be
implemented in e ectronic, mechanical, or other forms.

[0154] The units described as separate parts may or may not be physicaly separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or al of the units may be selected according to
actual needs to achieve the objectives of the solutions of the embodiments.

[0155] In addition, functiona units in the embodiments of the present invention may be integrated
Into one processing unit, or each of the units may exist alone physically, or two or more units are
integrated into one unit.

[0156] When the functions are implemented in the form of a software functional unit and sold or
used as an independent product, the functions may be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of the present invention
essentially, or the part contributing to the prior art, or some of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage
medium, and includes some instructions for instructing a computer device (which may be a persona
computer, a server, or a network device) to perform al or some of the steps of the methods
described in the embodiments of the present invention. The foregoing storage medium includes: any
medium that can store program code, such as a USB flash drive, a removable hard disk, a read-only
memory (ROM, Read-Only Memory), a random access memory (RAM, Random Access Memory),
amagnetic disk, or an optical disc.

[0157] The foregoing descriptions are merely specific implementation manners of the present
invention, but are not intended to limit the protection scope of the present invention. Any variation
or replacement readily figured out by a person skilled in the art within the technical scope disclosed
in the present invention shall fall within the protection scope of the present invention. Therefore, the

protection scope of the present invention shall be subject to the protection scope of the clams.
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CLAIMS

What isclamed is:

1. A bandwidth extension method, comprising:

acquiring a bandwidth extension parameter, wherein the bandwidth extension parameter
comprises one or more of the following parameters. a linear predictive coefficient LPC, a line
spectral frequency LSF parameter, a pitch period, a decoding rate, an adaptive codebook
contribution, and an algebraic codebook contribution; and

performing, according to the bandwidth extension parameter, bandwidth extension on a
decoded low-frequency signal, to obtain a high-frequency signal.

2. The method according to claim 1, wherein the performing, according to the bandwidth
extension parameter, bandwidth extension on a decoded low-frequency signal, to obtain a
high-frequency signal comprises:

predicting high-frequency energy and a high band excitation signal according to the bandwidth
extension parameter; and

obtaining the high-frequency signal according to the high-frequency energy and the high band
excitation signal.

3. The method according to clam 2, wherein the high-frequency energy comprises a
high-frequency gain; and

the predicting high-frequency energy and a high band excitation signal according to the
bandwidth extension parameter comprises:

predicting the high-frequency gain according to the LPC; and

adaptively predicting the high band excitation signal according to the LSF parameter, the
adaptive codebook contribution, and the algebraic codebook contribution.

4. The method according to claim 3, wherein the adaptively predicting the high band excitation
signa according to the LSF parameter, the adaptive codebook contribution, and the algebraic
codebook contribution comprises:

adaptively predicting the high band excitation signal according to the decoding rate, the LSF
parameter, the adaptive codebook contribution, and the algebrai ¢ codebook contribution.

5. The method according to clam 2, wherein the high-frequency energy comprises a
high-frequency gain; and

the predicting high-frequency energy and a high band excitation signal according to the
bandwidth extension parameter compri ses:

predicting the high-frequency gain according to the LPC; and
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adaptively predicting the high band excitation signal according to the adaptive codebook
contribution and the algebraic codebook contribution.

6. The method according to claim 5, wherein the adaptively predicting the high band excitation
signal according to the adaptive codebook contribution and the algebraic codebook contribution
comprises:

adaptively predicting the high band excitation signal according to the decoding rate, the
adaptive codebook contribution, and the algebraic codebook contribution.

7. The method according to clam 2, wherein the high-frequency energy comprises a
high-frequency envelope; and

the predicting high-frequency energy and a high band excitation signal according to the
bandwidth extension parameter comprises:

predicting the high-frequency envel ope according to the decoded low-frequency signal; and

predicting the high band excitation signal according to the decoded low-frequency signal or a
low-frequency excitation signal, wherein the low-frequency excitation signal is the sum of the
adaptive codebook contribution and the algebraic codebook contribution.

8. The method according to claim 7, wherein the predicting the high band excitation signal
according to the decoded low-frequency signal or alow-frequency excitation signal comprises:

predicting the high band excitation signal according to the decoding rate and the decoded
low-frequency signal.

9. The method according to claim 7, wherein the predicting the high band excitation signal
according to the decoded low-frequency signal or alow-frequency excitation signal comprises:

predicting the high band excitation signal according to the decoding rate and the
low-frequency excitation signal.

10. The method according to any one of clams 2 to 9, wherein after the predicting a
high-frequency energy signal and a high band excitation signal according to the bandwidth
extension parameter, the method further comprises:

determining a first correction factor according to at least one of the bandwidth extension
parameter and the decoded low-frequency signal, wherein the first correction factor comprises one
or more of the following parameters. a voicing factor, a noise gate factor, and a spectrum tilt factor;
and

correcting the high-frequency energy according to the first correction factor.

11. The method according to clam 10, wherein the determining a first correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency

signal comprises:
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determining the first correction factor according to the pitch period, the adaptive codebook
contribution, and the algebraic codebook contribution.

12. The method according to claim 10, wherein the determining a first correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency
signal comprises:

determining the first correction factor according to the decoded low-frequency signal.

13. The method according to claim 10, wherein the determining a first correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency
signal comprises:

determining the first correction factor according to the pitch period, the adaptive codebook
contribution, the algebraic codebook contribution, and the decoded |ow-frequency signal.

14. The method according to any one of claims 10 to 13, further comprising:

correcting the high-frequency energy according to the pitch period.

15. The method according to any one of claims 10 to 14, further comprising:

determining a second correction factor according to at least one of the bandwidth extension
parameter and the decoded low-frequency signal, wherein the second correction factor comprises at
least one of a classification parameter and a signal type; and

correcting the high-frequency energy and the high band excitation signa according to the
second correction factor.

16. The method according to any one of claims 10 to 15, further comprising:

weighting the predicted high band excitation signal and a random noise signal, to obtain afinal
high band excitation signal, wherein aweight of the weighting is determined according to a value of
a classification parameter and/or avoicing factor of the decoded low-frequency signal.

17. The method according to any one of clams 2 to 16, wherein the obtaining the
high-frequency signal according to the high-frequency energy and the high band excitation signa
comprises:

synthesizing the high-frequency energy and the high band excitation signal, to obtain the
high-frequency signal; or

synthesizing the high-frequency energy, the high band excitation signal, and a predicted LPC,
to obtain the high-frequency signal, wherein the predicted LPC comprises a predicted high
frequency band LPC or a predicted wideband LPC, and the predicted LPC is obtained based on the
LPC.

18. A bandwidth extension apparatus, comprising:

an acquisition unit, configured to acquire a bandwidth extension parameter, wherein the
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bandwidth extension parameter comprises one or more of the following parameters. a linear
predictive coefficient LPC, aline spectral frequency LSF parameter, a pitch period, a decoding rate,
an adaptive codebook contribution, and an algebraic codebook contribution; and

a bandwidth extension unit, configured to perform, according to the bandwidth extension
parameter acquired by the acquisition unit, bandwidth extension on a decoded low-frequency signal,
to obtain a high-frequency signal.

19. The apparatus according to claim 18, wherein the bandwidth extension unit comprises:

a prediction subunit, configured to predict high-frequency energy and a high band excitation
signal according to the bandwidth extension parameter; and

a synthesis subunit, configured to obtain the high-frequency signal according to the
high-frequency energy and the high band excitation signal.

20. The apparatus according to claim 19, wherein the high-frequency energy comprises a
high-frequency gain; and

the prediction subunit is specifically configured to:

predict the high-frequency gain according to the LPC; and

adaptively predict the high band excitation signal according to the LSF parameter, the adaptive
codebook contribution, and the algebraic codebook contribution.

21. The apparatus according to claim 19, wherein the high-frequency energy comprises a
high-frequency gain; and

the prediction subunit is specifically configured to:

predict the high-frequency gain according to the LPC; and

adaptively predict the high band excitation signal according to the decoding rate, the LSF
parameter, the adaptive codebook contribution, and the algebrai c codebook contribution.

22. The apparatus according to claim 19, wherein the high-frequency energy comprises a
high-frequency gain; and

the prediction subunit is specifically configured to:

predict the high-frequency gain according to the LPC; and

adaptively predict the high band excitation signal according to the adaptive codebook
contribution and the algebraic codebook contribution.

23. The apparatus according to claim 19, wherein the high-frequency energy comprises a
high-frequency gain; and the prediction subunit is specifically configured to:

predict the high-frequency gain according to the LPC; and

adaptively predict the high band excitation signal according to the decoding rate, the adaptive
codebook contribution, and the algebraic codebook contribution.
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24. The apparatus according to claim 19, wherein the high-frequency energy comprises a
high-frequency envelope; and

the prediction subunit is specifically configured to:

predict the high-frequency envel ope according to the decoded low-frequency signal; and

predict the high band excitation signal according to the decoded low-frequency signal or a
low-frequency excitation signal, wherein the low-frequency excitation signal is the sum of the
adaptive codebook contribution and the algebraic codebook contribution.

25. The apparatus according to clam 24, wherein the prediction subunit is specificaly
configured to:

predict the high-frequency envelope according to the decoded low-frequency signal; and

predict the high band excitation signal according to the decoding rate and the decoded
low-frequency signal.

26. The apparatus according to clam 24, wherein the prediction subunit is specificaly
configured to:

predict the high-frequency envel ope according to the decoded low-frequency signal; and

predict the high band excitation signal according to the decoding rate and the low-frequency
excitation signal.

27. The apparatus according to any one of claims 19 to 26, wherein the bandwidth extension
unit further comprises. a first correction subunit, configured to: after the high-frequency energy
signa and the high band excitation signal are predicted according to the bandwidth extension
parameter, determine a first correction factor according to at least one of the bandwidth extension
parameter and the decoded low-frequency signal; and correct the high-frequency energy according
to the first correction factor, wherein the first correction factor comprises one or more of the
following parameters: a voicing factor, a noise gate factor, and a spectrum tilt factor.

28. The apparatus according to claim 27, wherein the first correction subunit is specifically
configured to:

determine the first correction factor according to the pitch period, the adaptive codebook
contribution, and the agebraic codebook contribution; and correct the high-frequency energy
according to the first correction factor.

29. The apparatus according to claim 27, wherein the first correction subunit is specifically
configured to:

determine the first correction factor according to the decoded low-frequency signal; and
correct the high-frequency energy according to the first correction factor.

30. The apparatus according to claim 27, wherein the first correction subunit is specifically
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configured to:

determine the first correction factor according to the pitch period, the adaptive codebook
contribution, the agebraic codebook contribution, and the decoded low-frequency signa; and
correct the high-frequency energy according to the first correction factor.

31. The apparatus according to any one of clams 27 to 30, wherein the bandwidth extension
unit further comprises: a second correction subunit, configured to correct the high-frequency energy
according to the pitch period.

32. The apparatus according to any one of claims 27 to 31, wherein the bandwidth extension
unit further comprises: athird correction subunit, configured to determine a second correction factor
according to at least one of the bandwidth extension parameter and the decoded low-frequency
signal, wherein the second correction factor comprises at least one of a classification parameter and
asigna type; and correct the high-frequency energy and the high band excitation signal according
to the second correction factor.

33. The apparatus according to any one of clams 27 to 32, wherein the bandwidth extension
unit further comprises: a weighting subunit, configured to weight the predicted high band excitation
signal and a random noise signal, to obtain a final high band excitation signal, wherein a weight of
the weighting is determined according to a value of a classification parameter and/or a voicing
factor of the decoded low-frequency signal.

34. The apparatus according to any one of claims 19 to 33, wherein the synthesis subunit is
specifically configured to: synthesize the high-frequency energy and the high band excitation signal,
to obtain the high-frequency signa; or synthesize the high-frequency energy, the high band
excitation signal, and a predicted LPC, to obtain the high-frequency signal, wherein the predicted
LPC comprises a predicted high frequency band LPC or a predicted wideband LPC, and the
predicted LPC is obtained based on the LPC.
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