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Description

METHOD AND APPARATUS TO ENCODE AND/OR DECODE

[1]

[2]

[3]

[4]

[5]

[6]

SIGNAL USING BANDWIDTH EXTENSION TECHNOLOGY

Technical Field

The present general inventive concept relates to a method and apparatus to encode
and/or decode an audio signal such as a voice signal or a music signal, and more par-
ticularly, to a method and apparatus to encode and/or decode a signal corresponding to
a high frequency band among an audio signal.

Background Art

In general, it is less important for a human to recognize a signal corresponding to a
high frequency band as sound rather than to recognize a signal corresponding to a low
frequency band as sound. Accordingly, in order to increase the efficiency of audio
signal coding, a large number of bits are allocated to a signal corresponding to the low
frequency band, whereas only a few bits are allocated to a signal corresponding to the
high frequency band.

Therefore, a conventional method and apparatus has been used for maximally
improving the quality of sound perceived by a human even by encoding a signal cor-
responding to a high frequency band using a small number of bits.

Disclosure of Invention
Technical Solution

The present general inventive concept provides a method and to encode and/or
decode a high frequency signal by using an excitation signal for a low frequency signal
encoded in a time domain or a frequency domain or by using an excitation spectrum
for the low frequency signal.

Additional aspects and utilities of the present general inventive concept will be set
forth in part in the description which follows and, in part, will be obvious from the de-
scription, or may be learned by practice of the general inventive concept.

The foregoing and/or other aspects and utilities of the present general inventive
concept may be achieved by providing a bandwidth extension encoding method
including extracting an excitation signal from a low frequency signal corresponding to
a frequency band lower than a predetermined frequency and transforming the
excitation signal from a time domain into a frequency domain if the low frequency
signal is to be encoded in the time domain, extracting an excitation spectrum from the
low frequency signal if the low frequency signal is to be encoded in the frequency
domain, generating a spectrum in a frequency band higher than a predetermined

frequency by using a spectrum of the transformed excitation signal or the extracted
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[7]

[8]

[9]

[10]

[11]

excitation spectrum, and calculating a gain by using the generated spectrum and a
spectrum of a high frequency signal corresponding to a frequency band greater than a
predetermined frequency.

A bandwidth extension encoding method including extracting an excitation spectrum
for a low frequency signal corresponding to a frequency band lower than a pre-
determined frequency, generating a spectrum in a frequency band higher than a pre-
determined frequency by using the extracted excitation spectrum, and calculating a
gain by using the generated spectrum and a spectrum of a high frequency signal cor-
responding to a frequency band higher than a predetermined frequency.

A bandwidth extension decoding method including decoding an excitation signal for
a low frequency signal corresponding to a frequency band lower than a predetermined
frequency and transforming the excitation signal from a time domain into a frequency
domain if the low frequency signal has been encoded in the time domain, decoding an
excitation spectrum for the low frequency signal if the low frequency signal has been
encoded in the frequency domain, generating a spectrum in a frequency band higher
than a predetermined frequency by using a spectrum of the transformed excitation
signal or the decoded excitation spectrum, and decoding a gain and applying the
decoded gain to the generated spectrum.

A bandwidth extension encoding apparatus including a time domain encoding unit to
extract an excitation signal from a low frequency signal corresponding to a frequency
band lower than a predetermined frequency and to transform the excitation signal from
a time domain into a frequency domain if the low frequency signal is to be encoded in
the time domain, a frequency domain encoding unit to extract an excitation spectrum
from the low frequency signal if the low frequency signal is to be encoded in the
frequency domain, a spectrum generation unit to generate a spectrum in a frequency
band higher than a predetermined frequency by using a spectrum of the transformed
excitation signal or the extracted excitation spectrum, and a gain calculation unit to
calculate a gain by using the generated spectrum and a spectrum of a high frequency
signal corresponding to a frequency band higher than a predetermined frequency.

A bandwidth extension encoding apparatus including a spectrum extraction unit to
extract an excitation spectrum for a low frequency signal corresponding to a frequency
band lower than a predetermined frequency, a spectrum generation unit to generate a
spectrum in a frequency band greater than a predetermined frequency by using the
extracted excitation spectrum, and a gain calculation unit to calculate a gain by using
the generated spectrum and a spectrum of a high frequency signal corresponding to a
frequency band higher than a predetermined frequency.

A bandwidth extension decoding apparatus including a time domain decoding unit to

decode an excitation signal for a low frequency signal corresponding to a frequency
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[12]

[13]

[14]

[15]

band lower than a predetermined frequency and transforming the excitation signal
from a time domain into a frequency domain if the low frequency signal has been
encoded in the time domain, a frequency domain decoding unit to decode an excitation
spectrum for the low frequency signal if the low frequency signal has been encoded in
the frequency domain, a spectrum generation unit to generate a spectrum in a
frequency band higher than a predetermined frequency by using a spectrum of the
transformed excitation signal or the decoded excitation spectrum, and a gain applying
unit to decode a gain and applying the decoded gain to the generated spectrum.

A computer readable recording medium having recorded thereon a computer
program to execute a bandwidth extension encoding method including extracting an
excitation signal from a low frequency signal corresponding to a frequency band lower
than a predetermined frequency and transforming the excitation signal from a time
domain into a frequency domain if the low frequency signal is to be encoded in the
time domain, extracting an excitation spectrum from the low frequency signal if the
low frequency signal is to be encoded in the frequency domain, generating a spectrum
in a frequency band higher than a predetermined frequency by using a spectrum of the
transformed excitation signal or the extracted excitation spectrum, and calculating a
gain by using the generated spectrum and a spectrum of a high frequency signal cor-
responding to a frequency band greater than a predetermined frequency.

A computer readable recording medium having recorded thereon a computer
program to execute a bandwidth extension encoding method including extracting an
excitation spectrum for a low frequency signal corresponding to a frequency band
lower than a predetermined frequency, generating a spectrum in a frequency band
greater than a predetermined frequency by using the extracted excitation spectrum, and
calculating a gain by using the generated spectrum and a spectrum of a high frequency
signal corresponding to a frequency band higher than a predetermined frequency.

A computer readable recording medium having recorded thereon a computer
program to execute a bandwidth extension decoding method including decoding an
excitation signal for a low frequency signal corresponding to a frequency band lower
than a predetermined frequency and transforming the excitation signal from a time
domain into a frequency domain if the low frequency signal has been encoded in the
time domain, decoding an excitation spectrum for the low frequency signal if the low
frequency signal has been encoded in the frequency domain, generating a spectrum in a
frequency band higher than a predetermined frequency by using a spectrum of the
transformed excitation signal or the decoded excitation spectrum, and decoding a gain
and applying the decoded gain to the generated spectrum.

Description of Drawings

The above and other aspects and utilities of the present general inventive concept will
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[17]
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become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a flowchart illustrating a bandwidth extension encoding method according
to an embodiment of the present general inventive concept;

FIG. 2 is a block diagram illustrating a bandwidth extension encoding apparatus
according to an embodiment of the present general inventive concept;

FIG. 3 is a flowchart illustrating a bandwidth extension decoding method according
to an embodiment of the present general inventive concept;

FIG. 4 is a block diagram illustrating a bandwidth extension decoding apparatus
according to an embodiment of the present general inventive concept;

FIG. 5 is a graph illustrating a folding mode performed in the bandwidth extension
encoding and decoding apparatuses illustrated in FIGS. 2 and 4, according to an
embodiment of the present general inventive concept; and

FIG. 6 is a graph illustrating a folding mode performed in the bandwidth extension
encoding and decoding apparatuses illustrated in FIGS. 2 and 4, according to another
embodiment of the present general inventive concept.

Mode for Invention

Reference will now be made in detail to the embodiments of the present general
inventive concept, examples of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements throughout. The em-
bodiments are described below in order to explain the present general inventive
concept by referring to the figures.

FIG. 1 is a flowchart illustrating a bandwidth extension encoding method of an audio
system according to an embodiment of the present general inventive concept.

Referring to FIG. 1, in operation 100, an input signal is divided into a low frequency
signal and a high frequency signal according to a predetermined frequency. The pre-
determined frequency may be variable or may include one or more predetermined
frequencies. For example, the predetermined frequency may include first and second
frequencies. The low frequency signal denotes a signal corresponding to a band that is
lower than the first frequency, and the high frequency signal denotes a signal cor-
responding to a band that is higher than the second frequency. The first and second
frequencies maybe set to be a same frequency. It is also possible that the first and
second frequencies may be set to be different.

In operation 110, a determination as to whether the low frequency signal obtained in
operation 100 is to be encoded either in a time domain or in a frequency domain is
made according to one or more predetermined criteria. An audio compression
efficiency or a sound quality of an audio signal can be used as an example of the

criteria.
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[27]

[28]

[29]
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[31]

[32]

[33]

When it is determined in operation 110 that the low frequency signal obtained in
operation 100 is to be encoded in the time domain, the low frequency signal is encoded
in the time domain, in operation 120. Examples of a mode in which the low frequency
signal is encoded in the time domain in operation 120 include a code excited linear
prediction (CELP) mode and an algebraic code excited linear prediction (ACELP)
mode.

In operation 120, when the low frequency signal is being encoded in the time
domain, an excitation signal is extracted from the low frequency signal by removing an
envelop therefrom. In the present embodiment, the excitation signal may be extracted
by removing the envelope from the low frequency signal according to a linear
predictive coding (LPC) analysis.

In operation 125, the excitation signal is transformed from the time domain into a
frequency domain so as to generate a spectrum of the excitation signal for the low
frequency signal. Examples of a mode in which the excitation signal is transformed
from the time domain into the frequency domain in operation 125 include fast Fourier
transform (FFT), modified discrete cosine transform (MDCT), etc.

On the other hand, when it is determined in operation 110 that the low frequency
signal obtained in operation 100 is encoded in the frequency domain, the low
frequency signal is encoded in the frequency domain, in operation 130. Examples of a
mode in which the low frequency signal is encoded in the frequency domain in
operation 130 include a transform coded excitation (TCX) mode.

In operation 130, when the low frequency signal obtained in operation 100 is being
encoded in the frequency domain, an excitation spectrum is extracted from the low
frequency signal by removing an envelop therefrom.

The extraction of the excitation spectrum in operation 130 while performing
encoding according to the TCX mode may be performed according to two em-
bodiments. In one embodiment, the excitation spectrum may be extracted using the
spectrum of a weighted speech domain during the TCX mode. In the other
embodiment, the excitation spectrum may be generated by removing a perceptual
weighting from the low frequency signal by not performing some components during
the TCX mode.

Operation 130 may also be achieved using FFT or MDCT. In this case, a high
frequency spectrum is restored using an excitation signal spectrum that is the same as
an excitation signal spectrum in an ACELP encoding mode.

In operation 135, an excitation spectrum is generated in the high frequency band of
which frequency is higher than a predetermined frequency, by using the spectrum of
the excitation signal generated in operation 125 or the excitation spectrum extracted in

operation 130. That is, in operation 135, the excitation spectrum may be generated by
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[34]

[35]

[36]

[37]

[38]

patching either the spectrum of the excitation signal generated in operation 125 or the
excitation spectrum extracted in operation 130 to the high frequency band or by
folding the generated spectrum of the excitation signal or the extracted excitation
spectrum over the high frequency band so that the spectrum of the excitation signal
generated in operation 125 or the excitation spectrum extracted in operation 130 and
the generated spectrum are symmetrical with respect to the predetermined frequency.

In operation 140, the high frequency signal obtained in operation 100 is transformed
from the time domain to the frequency domain so as to generate the high frequency
spectrum. Examples of a mode in which the high frequency signal is transformed in
operation 140 include FFT, MDCT, etc.

In operation 150, a gain is calculated using the excitation spectrum generated in
operation 135 and the high frequency spectrum generated in operation 140. The gain
calculated in operation 150 is used when a decoder restores a high frequency spectrum
by using the spectrum of a decoded excitation signal for a low frequency signal. In
other words, when the decoder generates the high frequency spectrum by using the
spectrum of the excitation signal for the low frequency signal, the gain is used to
control the envelope of the high frequency spectrum.

In operation 150, the gain may be obtained by calculating a ratio of an energy value
of each band for the excitation spectrum generated in operation 135 to an energy value
of each band for the high frequency spectrum generated in operation 140, according to
Equation 1:

[Math.1]

> |Spec,, (O]
gn) = | :
1 Z ‘SpecL (i)|

()
where g(n) denotes the gain calculated in operation 150, n denotes a band index, i
denotes a spectral line index,
[Math.2]

Spec, (i)

denotes the excitation spectrum generated in operation 135, and
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[39]

[40]

[41]
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[Math.3]

Spec,; (7)
denotes the high frequency spectrum generated in operation 140, and N denotes a
preset constant.

In operation 160, the gain calculated in operation 150 is quantized and encoded. In
operation 160, four-dimensional vector quantization may be performed with respect to
ACELP, TCX 256, and TCX 512, and two-dimensional vector quantization may be
performed with respect to TCX 1024. In operation 160, the gain calculated in operation
150 may also be quantized by Scalar quantization.

In operation 170, a result of the encoding of the low frequency signal in operation
120 or 130 and the gain quantized in operation 150 are multiplexed to thereby generate
a bitstream.

However, the bandwidth extension encoding method according to an embodiment of
the present general inventive concept may be performed not only using an open-loop
mode illustrated in FIG. 1 but also using a close-loop mode in which after operations
120 and 130 are performed, the encoding results are compared to determine whether
the low frequency signal is encoded in the time domain or in the frequency.

FIG. 2 is a block diagram illustrating a bandwidth extension encoding apparatus
usable with an audio system according to an embodiment of the present general
inventive concept. Referring to FIG. 2, the bandwidth extension encoding apparatus i
ncludes a band division unit 200, a domain determination unit 210, a time domain
encoding unit 220, a first transformation unit 225, a frequency domain encoding unit
230, an excitation spectrum generation unit 235, a second transformation unit 240, a
gain calculation unit 250, a gain encoding unit 260, and a multiplexing unit 270.

The band division unit 200 receives an input signal via an input terminal IN and
divides the input signal into a low frequency signal and a high frequency signal a
according to one or more predetermined frequencies. The low frequency signal denotes
a signal corresponding to a band that is lower than a predetermined first frequency, and
the high frequency signal denotes a signal corresponding to a band that is higher than a
predetermined second frequency. The first and second frequencies may be set to be the
same frequency. It is possible that the first and second frequencies may be set to be
different.

The domain determination unit 210 determines whether the low frequency signal
divided by the band division unit 200 is to be encoded either in a time domain or in a
frequency domain, according to one or more predetermined criteria. A signal
compression or encoding efficiency can be used as the criteria to improve a sound

quality and a data compression ratio in an audio encoding and decoding system, for
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[45] When the domain determination unit 210 determines that the low frequency signal is

[46]

[47]

[48]

[49]

[50]

[51]

[52]

to be encoded in a time domain, the time domain encoding unit 220 encodes the low
frequency signal in the time domain. Examples of a mode in which the low frequency
signal is encoded in the time domain by the time domain encoding unit 220 include a
code excited linear Prediction (CELP) mode and an algebraic code excited linear
prediction (ACELP) mode.

While encoding the low frequency signal in the time domain, the time domain
encoding unit 220 extracts an excitation signal by removing an envelope therefrom. In
an embodiment, the excited signal may be extracted by removing the envelope from
the low frequency signal according to an LPC analysis.

The first transformation unit 225 transforms the excitation signal extracted by the
time domain encoding unit 220 from the time domain into a frequency domain so as to
generate an excitation signal spectrum for the low frequency signal. Examples of a
mode in which the excitation signal is transformed by the first transformation unit 225
include FFT, MDCT, etc.

On the other hand, when the domain determination unit 210 determines that the low
frequency signal divided by the band division unit 200 is encoded in a frequency
domain, the frequency domain encoding unit 230 encodes the low frequency signal in
the frequency domain. Examples of a mode in which the low frequency signal is
encoded in the frequency domain by the frequency domain encoding unit 230 include a
TCX mode.

While encoding the low frequency signal in the frequency domain, the frequency
domain encoding unit 230 extracts an excitation spectrum by removing an envelope
from the low frequency signal.

The extraction of the excitation spectrum by the frequency domain encoding unit 230
while performing encoding according to the TCX mode may be performed according
to two embodiments. In one embodiment, the excitation spectrum may be extracted
using the spectrum of a weighted speech domain during the TCX mode. In the other
embodiment, the excitation spectrum may be generated by removing a perceptual
weighting from the low frequency signal by not performing some components during
execution of the TCX mode.

Transform executed in the TCX mode performed by the frequency domain encoding
unit 230 may also be achieved using FFT or MDCT. In this case, a high frequency
spectrum is restored using an excitation signal spectrum that is the same as an
excitation signal spectrum in an ACELP encoding mode.

The excitation spectrum generation unit 235 generates an excitation spectrum in a

high frequency band of which frequency is higher than a predetermined frequency, by
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[53]

[54]
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using the spectrum of the excitation signal generated by the first transformation unit
225 or the excitation spectrum extracted by the frequency domain encoding unit 230.
the excitation spectrum generation unit 235 may generate the excitation spectrum by
patching either the spectrum of the excitation signal generated by the first trans-
formation unit 225 or the excitation spectrum extracted by the excitation spectrum
generation unit 235 to the high frequency band or by folding the generated spectrum of
the excitation signal or the extracted excitation spectrum over the high frequency band
so that the spectrum of the excitation signal generated by the first transformation unit
225 or the excitation spectrum extracted by the excitation spectrum generation unit 235
and the generated spectrum are symmetrical with respect to the predetermined
frequency.

The second transformation unit 240 transforms the high frequency signal divided by
the domain division unit 200 from the time domain to the frequency domain so as to
generate a high frequency spectrum. Examples of a mode in which the high frequency
signal is transformed from the time main to the frequency domain by the second trans-
formation unit 240 include FFT, MDCT, etc.

The gain calculation unit 250 calculates a gain by using the excitation spectrum
generated by the excitation spectrum generation unit 235 and the high frequency
spectrum generated by the second transformation unit 240. The gain calculated by the
gain calculation unit 250 is used when a decoder restores a high frequency spectrum by
using the spectrum of a decoded excitation signal for a low frequency signal. In other
words, when the decoder generates the high frequency spectrum by using the spectrum
of the excitation signal for the low frequency signal, the gain is used to control the
envelope of the high frequency spectrum.

The gain calculation unit 250 may obtain the gain by calculating a ratio of an energy
value of each band for the excitation spectrum generated by the excitation spectrum
generation unit 235 to an energy value of each band for the high frequency spectrum
generated by the second transformation unit 240, according to Equation 2:

[Math.4]

N

2 |Specy (1)

gn)= |—
> |Spec, (i)

i

.. (2)
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[57]

[58]
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[60]
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[62]

[63]

where g(n) denotes the gain calculated in the gain calculation unit 250, n denotes a
band index, i denotes a spectral line index,
[Math.5]

Spec, (i)

denotes the excitation spectrum generated by the excitation spectrum generation unit
235, and
[Math.6]

Specy (1)

denotes the high frequency spectrum generated by the second transformation unit
240, and N denotes a preset constant.

The gain encoding unit 260 quantizes and encodes the gain calculated by the gain
calculation unit 250. the gain encoding unit 260 may perform four-dimensional vector
quantization with respect to ACELP, TCX 256, and TCX 512, and perform two-
dimensional vector quantization with respect to TCX 1024. The gain encoding unit 260
may quantize the gain calculated by the gain calculation unit 250, according to Scalar
quantization.

The multiplexing unit 270 multiplexes a result of the encoding of the low frequency
signal by the time domain encoding unit 220 or the frequency domain encoding unit
230 and the gain quantized by the gain encoding unit 260 so as to generate a bitstream
and output the bitstream via an output terminal OUT.

However, the bandwidth extension encoding apparatus according to an embodiment
of the present general inventive concept may perform bandwidth extension encoding
not only using the open-loop mode illustrated in FIG. 2 but also using a close-loop
mode in which the time domain encoding unit 220 and the frequency domain encoding
unit 230 perform encoding operations, the encoding results are compared with each
other, and then the domain determination unit 210 determines whether the low
frequency signal is to be encoded in the time domain or in the frequency.

FIG. 3 is a flowchart illustrating a bandwidth extension decoding method according
to an embodiment of the present general inventive concept.

Referring to FIG. 3, in operation 300, a decoder receives a bitstream from an encoder
and the received bitstream is demultiplexed. The bitstream includes a result of
encoding of a low frequency signal in a time domain or a frequency domain and a gain
encoded by the encoder. The low frequency signal denotes a signal corresponding to a
frequency band that is lower than a first frequency.

In operation 305, it is determined whether the low frequency signal demultiplexed in

operation 300 has been encoded either in the time domain or in the frequency domain
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[64]

[65]

[66]

[67]
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by the encoder. Here, a determination of whether the low frequency signal has been
encoded in the time domain or the frequency domain can be made according to in-
formation included in the bitstream. It is possible that the decoder stores the in-
formation on a determination of whether the low frequency signal has been encoded in
the time domain or the frequency domain.

When it is determined in operation 305 that the low frequency signal has been
encoded in the time domain, the low frequency signal obtained in operation 300 and an
excitation signal for the low frequency signal are decoded in the time domain, in
operation 310. Examples of a mode in which the low frequency signal is decoded in
the time domain in operation 310 include code excited linear prediction (CELP) and
algebraic code excited linear prediction (ACELP).

In operation 315, the excitation signal decoded in operation 310 is transformed from
the time domain into the frequency domain so as to generate a spectrum of the
excitation signal for the low frequency signal. Examples of a mode in which the
excitation signal is transformed from the time domain to the frequency domain in
operation 315 include FFT, MDCT, etc.

On the other hand, when it is determined in operation 305 that the low frequency
signal has been encoded in the frequency domain, the low frequency signal obtained in
operation 300 is decoded in the frequency domain and an excitation spectrum for the
low frequency signal are generated in the frequency domain, in operation 320.
Examples of a mode in which the low frequency signal is decoded in the frequency
domain in operation 320 include a TCX mode.

In operation 325, a high frequency spectrum is generated in a high frequency band of
which frequency is higher than a predetermined frequency by using the spectrum of the
excitation signal generated in operation 315 or the excitation spectrum generated in
operation 320. The high frequency spectrum denotes a spectrum corresponding to a
frequency band of which frequency is higher than a second frequency. The first and
second frequencies may be set to be identical. It is also possible that the first and
second frequencies may be set to be different.

In operation 325, the high frequency spectrum may be generated by patching either
the spectrum of the excitation signal generated in operation 315 or the excitation
spectrum generated in operation 320 to the high frequency band or by folding the
generated spectrum of the excitation signal generated in operation 315 or the generated
excitation spectrum generated in operation 320 over the high frequency band so that
spectrum of the excitation signal generated in operation 315 or the excitation spectrum
generated in operation 320 and the generated higher frequency spectrum generated in
operation 325 are symmetrical with respect to the predetermined frequency.

The patching method denotes a method of copying a spectrum, and the folding
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method denotes a method of forming a mirror image of a spectrum symmetrically with
respect to a reference frequency.

A folding method is illustrated in FIGS. 5 and 6. HB1 (High Band 1) is generated to
be symmetrical with .LB4 (Low Band 4) about the frequency that is used to divide an
input signal into a low frequency signal and a high frequency signal, HB2 (High Band
2) is generated to be symmetrical with LB3 about the frequency, HB3 (High Band 3) is
generated to be symmetrical with LB2 about the frequency, and HB4 is generated to be
symmetrical with LB1 about the basis frequency. In operation 325, the high frequency
spectrum is generated by folding the spectrum of the excitation signal generated in
operation 315 or the excitation spectrum generated in operation 320, according to the
two following embodiments.

In one embodiment, all of the frequency bands of the spectrum of the excitation
signal generated in operation 315 or the excitation spectrum generated in operation 320
are folded over the frequency band higher than the second frequency. Each of the
frequency bands to be folded includes a real part and an imaginary part. Depending on
an encoding mode, the number of frequency bands varies as shown in Table 1.

[Table 1]

[Table 1]

[Table ]

Encoding mode Number of bands
ACELP 4

TCX 256 4

TCX 512 8

TCX 1024 8

In the other embodiment, the high frequency spectrum is generated by removing a
part corresponding to a specific frequency band such as 0~1KHz from the spectrum of
the excitation signal generated in operation 315 or the excitation spectrum generated in
operation 320 and folding the result of the removal. When folding the spectrum, the
removed part is folded using a part of the LB2 as illustrated in FIG. 5. The high
frequency spectrum may be generated by folding a result obtained by removing a part
corresponding to a specific frequency band from the spectrum of the excitation signal
generated in operation 315 or the excitation spectrum generated in operation 320
according to Equation 3:

[Math.7]

StartFreq =max(m* N .. /N, ,, N ../64)
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[76] where StantFreq denotes a frequency from which folding starts, and

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[Math.8]

is 72.
In operation 330, a gain for each of the bands obtained by the demultiplexing

and

performed in operation 300 is decoded.

In operation 335, the gain for each of the bands decoded in operation 330 is applied
to the high frequency spectrum for each band generated in operation 325. The envelope
of the high frequency spectrum is controlled by applying the gain to the high frequency
spectrum in operation 335.

In operation 340, perceptual noise is added to the high frequency spectrum to which
the gain has been applied in operation 335. The perceptual noise may be obtained from
information included in the bitstream. It is possible that the perceptual noise can be
determined by a characteristic of the bitstream.

In operation 340, the noise may be added using a parameter received from an
encoder, or may be adaptively added according to a mode in which a decoder decodes
the low frequency signal.

The noise to be added is generated according to a pre-set method stored in the
decoder as shown in Equation 4:

[Math.9]

HBCoef = HBcoef * scale + HBCoef * RandCoef * (1 — scale)
. @

where
[Math.10]

Randcoef

denotes a random number having an average value of 0 and a standard deviation of 1,
HBCoef denotes a high frequency spectrum, and scale is calculated using the following
Equations that depend on modes in which the decoder decodes the low frequency
signal.

If the mode in which the low frequency signal is decoded in operation 310 or 320 is
ACELP or TCX 256, the scale is calculated using Equation 5:

[Math.11]

scale = (bandldx+1)/ N, ,
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[86] where bandldx denotes a value obtained by subtracting 1 from a value in between 0
and
[Math.12]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

N,

and

If the mode in which the low frequency signal is decoded in operation 310 or 320 is
TCX 512 or TCX 1024, the scale is calculated using Equation 6:

[Math.13]
scale = (bandldx* T2 +n+1)/ N .,
...(6)
wherein bandIdx denotes a value obtained by subtracting 1 from a value in between 0
and
[Math.14]

Nb

, and n denotes 0 to 71.

and

In operation 345, the high frequency spectrum to which the noise has been added in
operation 340 is transformed from the frequency domain into the time domain so as to
generate a high frequency signal.

In operation 350, the low frequency signal decoded in operation 310 or 320 and the
high frequency signal generated in operation 345 are synthesized.

FIG. 4 is a block diagram illustrating a bandwidth extension decoding apparatus
according to an embodiment of the present general inventive concept. Referring to
FIG. 4, the bandwidth extension decoding apparatus includes a demultiplexing unit
400, a domain determination unit 405, a time domain decoding unit 410, a trans-
formation unit 415, a frequency domain decoding unit 420, a high frequency spectrum
generation unit 425, a gain decoding unit 430, a gain applying unit 435, a noise
addition unit 440, an inverse transformation unit 445, and a band synthesis unit 450.

The demultiplexing unit 400 receives a bitstream from an encoder and demultiplexes
the bitstream. The bitstream includes a result of encoding of a low frequency signal in
a time domain or a frequency domain and a gain encoded by the encoder. The low
frequency signal denotes a signal corresponding to a frequency band that is lower than
a first frequency.

The domain determination unit 405 determines whether the low frequency signal de-
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multiplexed by the demultiplexing unit 400 has been encoded either in the time domain
or in the frequency domain by the encoder. Whether the low frequency signal has been
encoded in the time domain or the frequency domain can be determined according to
information included in the bitstream. It is possible that the decoder stores the in-
formation on a determination of whether the low frequency signal has been encoded in
the time domain or the frequency domain.

When the domain determination unit 405 determines that the low frequency signal
has been encoded in the time domain, the time domain decoding unit 410 decodes the
low frequency signal obtained by the demultiplexing unit 400 and an excitation signal
for the low frequency signal in the time domain. Examples of a mode in which the low
frequency signal is decoded in the time domain by the time domain decoding unit 410
include code excited linear prediction (CELP) and algebraic code excited linear
prediction (ACELP).

The transformation unit 415 transforms the excitation signal decoded by the time
domain decoding unit 410 from the time domain into the frequency domain so as to
generate a spectrum of the excitation signal for the low frequency signal. An example
of a mode in which the excitation signal is transformed from the time domain to the
frequency domain by the transformation unit 415 may include FFT, MDCT, etc.

On the other hand, when the domain determination unit 405 determines that the low
frequency signal has been encoded in the frequency domain, the frequency domain
decoding unit 420 decodes the low frequency signal obtained by the demultiplexing
unit 400 and generates an excitation spectrum for the low frequency signal in the
frequency domain. An example of a mode in which the low frequency signal is
decoded in the frequency domain by the frequency domain decoding unit 420 may
include a TCX mode.

The high frequency spectrum generation unit 425 generates a high frequency
spectrum of a high frequency band higher than a predetermined frequency by using the
spectrum of the excitation signal generated by the transformation unit 415 or the
excitation spectrum generated by the frequency domain decoding unit 420. The high
frequency spectrum denotes a spectrum corresponding to a frequency band higher than
a second frequency. The first and second frequencies may be set to be a same
frequency. It is also possible that the first and second frequencies may be set to be
different.

The high frequency spectrum generation unit 425 may generate the high frequency
spectrum by patching either the spectrum of the excitation signal generated by the
transformation unit 415 or the excitation spectrum generated by the frequency domain
decoding unit 420 to the high frequency band or by folding the generated spectrum of

the excitation signal or the generated excitation spectrum over the high frequency band
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so that the spectrum of the excitation signal generated by the transformation unit 415
or the excitation spectrum generated by the frequency domain decoding unit 420 and
the generated high frequency spectrum are symmetrical with respect to the pre-
determined frequency.

The patching method denotes a method of copying a spectrum, and the folding
method denotes a method of forming a mirror image of a spectrum symmetrically with
respect to a reference frequency.

A folding method is illustrated in FIGS. 5 and 6. HB1 (High Band 1) is generated to
be symmetrical with .LB4 (Low Band 4) about the frequency that is used to divide an
input signal into a low frequency signal and a high frequency signal, HB2 (High Band
2) is generated to be symmetrical with LB3 about the frequency, HB3 (High Band 3) is
generated to be symmetrical with LB2 about the frequency, and HB4 is generated to be
symmetrical with LB1 about the basis frequency. The high frequency spectrum
generation unit 425 generates the high frequency spectrum by folding the spectrum of
the excitation signal generated by the transformation unit 415 or the excitation
spectrum generated by the frequency domain decoding unit 420, according to the two
following embodiments.

In one embodiment, all of the frequency bands of the spectrum of the excitation
signal generated by the transformation unit 415 or the excitation spectrum generated by
the frequency domain decoding unit 420 are folded over the frequency band higher
than the second frequency. Each of the frequency bands to be folded includes a real
part and an imaginary part. Depending on an encoding mode, the number of frequency
bands varies as shown in Table 2.

[Table 2]

[Table 2]
[Table ]

Encoding mode Number of bands
ACELP 4
TCX 256 4
TCX 512 8
TCX 1024 8

In the other embodiment, the high frequency spectrum is generated by removing a
part corresponding to a specific frequency band such as 0~1KHz from the spectrum of
the excitation signal generated by the transformation unit 415 or the excitation
spectrum generated by the frequency domain decoding unit 420 and folding the result
of the removal. When folding the spectrum, the removed part is folded using a part of
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the LLB2 as illustrated in FIG. 5. The high frequency spectrum may be generated by
folding a result obtained by removing a part corresponding to a specific frequency
band from the spectrum of the excitation signal generated by the transformation unit
415 or the excitation spectrum generated by the frequency domain decoding unit 420
according to Equation 7:

[Math.15]

StartFreq = max(m* N / Ny, ;. Nowr /16.4)

. (D
where StantFreq denotes a frequency from which folding starts, and
[Math.16]

N I N,

is 72.
The gain decoding unit 430 decodes a gain for each of the bands obtained by the de-

and

multiplexing unit 400.

The gain applying unit 435 applies the gain for each of the bands decoded by the gain
decoding unit 430 to the high frequency spectrum for each band generated by the high
frequency spectrum generation unit 425. The envelope of the high frequency spectrum
is controlled by applying the gain to the high frequency spectrum by the gain applying
unit 435.

The noise addition unit 440 adds perceptual noise to the high frequency spectrum to
which the gain has been applied by the gain applying unit 435. The perceptual noise
may be obtained from information in the bitstream. It is possible that the perceptual
noise can be determined by a characteristic of the bitstream.

The noise addition unit 440 may add the noise by using a parameter received from an
encoder, or may adaptively add the noise according to a mode in which a decoder
decodes the low frequency signal.

The noise to be added is generated according to a pre-set method stored in the
decoder as shown in Equation 8:

[Math.17]

HBCoef = HBcoef * scale + HBCoef * RandCoef * (1 — scale)
.. (8)

where
[Math.18]

Randcoef
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denotes a random number having an average value of 0 and a standard deviation of 1,
HBCoef denotes a high frequency spectrum, and scale is calculated using the following
Equations that depend on modes in which the decoder decodes the low frequency
signal.

[115] If the mode in which the low frequency signal is decoded by the time domain
decoding unit 410 or the frequency domain decoding unit 420 is ACELP or TCX 256,
the scale is calculated using Equation 9:

[116] [Math.19]

scale = (bandldx +1)/ N,

.
[117] where bandldx denotes a value obtained by subtracting 1 from a value in between 0

and

and
[Math.20]

Nb

[118] If the mode in which the low frequency signal is decoded by the time domain
decoding unit 410 or the frequency domain decoding unit 420 is TCX 512 or TCX
1024, the scale is calculated using Equation 10:

[119] [Math.21]

scale = (bandldx*72+n+1)/ N,

...(10)
[120] where bandldx denotes a value obtained by subtracting 1 from a value in between 0

and

and
[Math.22]

N,

, and n denotes 0 to 71.

and

[121] The inverse transformation unit 445 transforms the high frequency spectrum to
which the noise has been added by the noise addition unit 440 from the frequency
domain into the time domain so as to generate a high frequency signal.

[122] The band synthesis unit 450 synthesizes the low frequency signal decoded by the
time domain decoding unit 410 or the frequency domain decoding unit 420 with the
high frequency signal generated by inverse transformation unit 445.

[123] The general inventive concept can also be embodied as computer readable codes on a
computer readable medium. A term 'computer' involves all devices with data

processing capability. The computer readable medium may include a computer
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[124]
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[126]

[127]

readable recording medium and a computer readable transmission medium. The
computer readable recording medium is any data storage device that can store
programs or data which can be thereafter read by a computer system. Examples of the
computer readable recording medium include read-only memory (ROM), random-
access memory (RAM), CD-ROMs, magnetic tapes, hard disks, floppy disks, flash
memory, optical data storage devices, and so on. The computer readable transmission
medium may be distributed as a signal wave between computers through a wired or
wireless network or the Internet.

In a method and apparatus to perform bandwidth extension encoding and decoding
according to the present general inventive concept, a high frequency signal is encoded
or decoded using an excitation signal for a low frequency signal encoded in a time
domain or a frequency domain or using an excitation spectrum for the low frequency
signal .

Accordingly, although an audio signal is encoded or decoded using a small number
of bits, the quality of a sound corresponding to a signal in a high frequency band does
not degrade. Therefore, the coding efficiency can be maximized.

According to the present general inventive concept, the above-described apparatus
and method can be embodied in an audio processing system, such as an audio encoder
to encode an audio signal according to a lossy encoding method, and/or an audio
decoder to decode a compressed audio signal encoded by a lossy encoding method.
However, the present general inventive concept is not limited thereto. The above-
described method and apparatus can be used in an audio and video system to encode
and/or decode audio and video signals.

Although a few embodiments of the present general inventive concept have been
shown and described, it will be appreciated by those skilled in the art that changes may
be made in these embodiments without departing from the principles and spirit of the
general inventive concept, the scope of which is defined in the appended claims and

their equivalents.
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Claims

What is claimed is:

1. A bandwidth extension encoding method comprising:

extracting an excitation signal from a low frequency signal corresponding to a
frequency band lower than a predetermined frequency and transforming the
excitation signal from a time domain into a frequency domain, if the low
frequency signal is to be encoded in the time domain;

extracting an excitation spectrum from the low frequency signal if the low
frequency signal is to be encoded in the frequency domain;

generating a spectrum in a frequency band higher than the predetermined
frequency by using a spectrum of the transformed excitation signal or the
extracted excitation spectrum; and

calculating a gain by using the generated spectrum and a spectrum of a high
frequency signal corresponding to the frequency band higher than the pre-
determined frequency.

2. The bandwidth extension encoding method of claim 1, further comprising:
encoding the low frequency signal in the extracting and transforming of the
excitation signal by code excited linear prediction (CELP) or algebraic code
excited linear prediction (ACELP).

3. The bandwidth extension encoding method of claim 1, further comprising:
encoding the low frequency signal in the extracting of the excitation spectrum by
transform coded excitation (TCX).

4. The bandwidth extension encoding method of claim 1, further comprising:
encoding the calculated gain.

5. The bandwidth extension encoding method of claim 1, wherein the generating
of the spectrum comprises generating the spectrum by folding the spectrum of
the transformed excited signal or the extracted excitation spectrum over the
frequency band higher than the predetermined frequency or by patching the
spectrum of the transformed excited signal or the extracted excitation spectrum
to the frequency band higher than the predetermined frequency so that the
spectrum of the transformed excited signal or the extracted excitation spectrum
and the generated spectrum are symmetrical.

6. The bandwidth extension encoding method of claim 1, wherein the calculating
of the gain comprises obtaining the gain by calculating a ratio of an energy value
for the generated spectrum to an energy value for the spectrum of the high
frequency signal.

7. The bandwidth extension encoding method of claim 1, wherein the extracting
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[14]

and transforming of the excitation signal comprises extracting the excitation
signal by removing an envelope from the low frequency signal according to an
LPC (linear predictive coding) analysis.

8. The bandwidth extension encoding method of claim 1, wherein the extracting
of the excitation spectrum comprises extracting the excitation spectrum from the
low frequency signal by using a spectrum of a weighted speech domain during
TCX.

9. The bandwidth extension encoding method of claim 1, wherein the extracting
of the excitation spectrum comprises extracting the excitation spectrum from the
low frequency signal by removing a perceptual weighting from the low
frequency signal during TCX.

10. A bandwidth extension encoding method comprising:

extracting an excitation spectrum for a low frequency signal corresponding to a
frequency band lower than a predetermined frequency;

generating a spectrum in a frequency band higher than the predetermined
frequency by using the extracted excitation spectrum; and

calculating a gain by using the generated spectrum and a spectrum of a high
frequency signal corresponding to a frequency band higher than the pre-
determined frequency.

11. The bandwidth extension encoding method of claim 10, wherein the
extracting of the excitation spectrum comprises extracting an excitation signal
from the low frequency signal and transformed from the time domain into a
frequency domain.

12. A bandwidth extension decoding method comprising:

decoding an excitation signal for a low frequency signal corresponding to a
frequency band lower than a predetermined frequency and transforming the
excitation signal from a time domain into a frequency domain, if the low
frequency signal has been encoded in the time domain;

generating an excitation spectrum for the low frequency signal if the low
frequency signal has been encoded in the frequency domain;

generating a spectrum in a frequency band higher than a predetermined
frequency by using a spectrum of the transformed excitation signal or the
generated excitation spectrum; and

decoding a gain and applying the decoded gain to the generated spectrum.

13. The bandwidth extension decoding method of claim 13, wherein the
decoding and transforming of the excitation signal comprises decoding the low
frequency signal by code excited linear prediction (CELP) or algebraic code
excited linear prediction (ACELP).
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14. The bandwidth extension decoding method of claim 12, wherein the
generating of the excitation spectrum comprises decoding the low frequency
signal by transform coded excitation (TCX).

15. The bandwidth extension decoding method of claim 12, wherein the
generating of the spectrum comprises generating the spectrum by folding the
spectrum of the transformed excited signal or the generated excitation spectrum
over the frequency band higher than the predetermined frequency or by patching
the spectrum of the transformed excited signal or the generated excitation
spectrum to the frequency band higher than the predetermined frequency so that
the spectrum of the transformed excited signal or the generated excitation
spectrum and the generated spectrum are symmetrical.

16. The bandwidth extension decoding method of claim 12, further comprising:
decoding the low frequency signal.

17. The bandwidth extension decoding method of claim 16, further comprising:
transforming the spectrum to which the gain has been applied from the frequency
domain into the time domain; and

synthesizing the decoded low frequency signal with the transformed spectrum.
18. The bandwidth extension decoding method of claim 12, further comprising:
adding perceptual noise to the generated spectrum or the spectrum to which the
gain has been applied.

19. A bandwidth extension encoding apparatus comprising:

a time domain encoding unit to extract an excitation signal from a low frequency
signal corresponding to a frequency band lower than a predetermined frequency
and to transform the excitation signal from a time domain into a frequency
domain, if the low frequency signal is to be encoded in the time domain;

a frequency domain encoding unit to extract an excitation spectrum from the low
frequency signal if the low frequency signal is to be encoded in the frequency
domain;

a spectrum generation unit generating a spectrum in a frequency band higher
than the predetermined frequency by using a spectrum of the transformed
excitation signal or the extracted excitation spectrum; and

a gain calculation unit to calculate a gain by using the generated spectrum and a
spectrum of a high frequency signal corresponding to a frequency band higher
than the predetermined frequency.

20. The bandwidth extension encoding apparatus of claim 19, wherein the time
domain encoding unit encodes the low frequency signal according to code
excited linear prediction (CELP) or algebraic code excited linear prediction
(ACELP).



23

WO 2007/142434 PCT/KR2007/002672

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

21. The bandwidth extension encoding apparatus of claim 19, wherein the
frequency domain encoding unit encodes the low frequency signal according to
transform coded excitation (TCX).

22. The bandwidth extension encoding apparatus of claim 1, further comprising:
a gain encoding unit to encode the calculated gain.

23. The bandwidth extension encoding apparatus of claim 19, wherein the
spectrum generation unit generates the spectrum by folding the spectrum of the
transformed excited signal or the extracted excitation spectrum over the
frequency band higher than the predetermined frequency or by patching the
spectrum of the transformed excited signal or the extracted excitation spectrum
to the frequency band higher than the predetermined frequency so that the
spectrum of the transformed excited signal or the extracted excitation spectrum
and the generated spectrum are symmetrical.

24. The bandwidth extension encoding apparatus of claim 19, wherein the gain
calculation unit obtains the gain by calculating a ratio of an energy value for the
generated spectrum to an energy value for the spectrum of the high frequency
signal.

25. The bandwidth extension encoding apparatus of claim 19, wherein the time
domain encoding unit extracts the excitation signal by removing an envelope
from the low frequency signal according to an LLPC (linear predictive coding)
analysis.

26. The bandwidth extension encoding apparatus of claim 19, wherein the
frequency domain encoding unit extracts the excitation spectrum from the low
frequency signal by using a spectrum of a weighted speech domain during TCX.
27. The bandwidth extension encoding apparatus of claim 19, wherein the
frequency domain encoding unit extracts the excitation spectrum from the low
frequency signal by removing a perceptual weighting from the low frequency
signal during TCX.

28. A bandwidth extension encoding apparatus comprising:

a spectrum extraction unit to generate an excitation spectrum for a low frequency
signal corresponding to a frequency band lower than a predetermined frequency;
a spectrum generation unit generating a spectrum in a frequency band higher
than the predetermined frequency by using the extracted excitation spectrum; and
a gain calculation unit calculating a gain by using the generated spectrum and a
spectrum of a high frequency signal corresponding to a frequency band higher
than the predetermined frequency.

29. The bandwidth extension encoding apparatus of claim 28, wherein the

spectrum extraction unit extracts an excitation signal from the low frequency



24

WO 2007/142434 PCT/KR2007/002672

[31]

[32]

[33]

[34]

[35]

[36]

signal and transforms the excitation signal from a time domain into a frequency
domain.

30. A bandwidth extension decoding apparatus comprising:

a time domain decoding unit to decode an excitation signal for a low frequency
signal corresponding to a frequency band lower than a predetermined frequency
and to transform the excitation signal from a time domain into a frequency
domain, if the low frequency signal has been encoded in the time domain;

a frequency domain decoding unit to generate an excitation spectrum for the low
frequency signal if the low frequency signal has been encoded in the frequency
domain;

a spectrum generation unit to generate a spectrum in a frequency band higher
than a predetermined frequency by using a spectrum of the transformed
excitation signal or the generated excitation spectrum; and

a gain applying unit to decode a gain and to apply the decoded gain to the
generated spectrum.

31. The bandwidth extension decoding apparatus of claim 30, wherein the time
domain decoding unit decodes the low frequency signal according to code
excited linear prediction (CELP) or algebraic code excited linear prediction
(ACELP).

32. The bandwidth extension decoding apparatus of claim 30, wherein the
frequency domain decoding unit decodes the low frequency signal according to t
ransform coded excitation (TCX).

33. The bandwidth extension decoding apparatus of claim 30, wherein the
spectrum generation unit generates the spectrum by folding the spectrum of the
transformed excited signal or the generated excitation spectrum over the
frequency band greater than the predetermined frequency or by patching the
spectrum of the transformed excited signal or the generated excitation spectrum
to the frequency band greater than the predetermined frequency so that the
spectrum of the transformed excited signal or the generated excitation spectrum
and the generated spectrum are symmetrical.

34. The bandwidth extension decoding apparatus of claim 30, further
comprising:

a low frequency signal decoding unit to decode the low frequency signal.

35. The bandwidth extension decoding apparatus of claim 30, further
comprising:

an inverse transformation unit to transform the spectrum to which the gain has
been applied from the frequency domain into the time domain; and

a band synthesis unit to synthesize the decoded low frequency signal with the
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transformed spectrum.

36. The bandwidth extension decoding apparatus of claim 30, further
comprising:

a noise addition unit to add perceptual noise to the generated spectrum or the
spectrum to which the gain has been applied.

37. A computer readable medium having computer-readable codes recorded
thereon as a computer program to execute a bandwidth extension encoding
method comprising:

extracting an excitation signal from a low frequency signal corresponding to a
frequency band smaller than a predetermined frequency and transforming the
excitation signal from a time domain into a frequency domain, if the low
frequency signal is to be encoded in the time domain;

extracting an excitation spectrum from the low frequency signal if the low
frequency signal is to be encoded in the frequency domain;

generating a spectrum in a frequency band greater than a predetermined
frequency by using a spectrum of the transformed excitation signal or the
extracted excitation spectrum; and

calculating a gain by using the generated spectrum and a spectrum of a high
frequency signal corresponding to a frequency band greater than a predetermined
frequency.

38. A computer readable medium having computer-readable codes recorded
thereon as a computer program to execute a bandwidth extension encoding
method comprising:

extracting an excitation spectrum for a low frequency signal corresponding to a
frequency band lower than a predetermined frequency;

generating a spectrum in a frequency band higher than the predetermined
frequency by using the extracted excitation spectrum; and

calculating a gain by using the generated spectrum and a spectrum of a high
frequency signal corresponding to a frequency band greater than a predetermined
frequency.

39. A computer readable medium having computer-readable codes recorded
thereon as a computer program to execute a bandwidth extension decoding
method comprising:

decoding an excitation signal for a low frequency signal corresponding to a
frequency band lower than a predetermined frequency and transforming the
excitation signal from a time domain into a frequency domain, if the low
frequency signal has been encoded in the time domain;

generating an excitation spectrum for the low frequency signal if the low
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frequency signal has been encoded in the frequency domain;

generating a spectrum in a frequency band higher than a predetermined
frequency by using a spectrum of the transformed excitation signal or the
generated excitation spectrum; and

decoding a gain and applying the decoded gain to the generated spectrum.



WO 2007/142434

( START )

\

DIVIDE INPUT SIGNAL INTO
LOW FREQUENCY SIGNAL AND

1/5

FIG. 1

—100

PCT/KR2007/002672

HIGH FREQUENCY SIGNAL

110

1S LOW
FREQUENCY SIGNAL

NO

ENCODED IN TIME
DOMAIN 7

120

!

130

ENCODE LOW FREQUENCY
SIGNAL IN TIME DOMAIN AND
EXTRACT EXCITATION SIGNAL

!

ENCODE LOW FREQUENCY
SIGNAL IN FREQUENCY
DOMAIN AND EXTRACT
EXCITATION SPECTRUM

GENERATE SPECTRUM OF
EXCITATION SIGNAL FOR LOW

FREQUENCY SIGNAL

\
GENERATE EXCITATION
SPECTRUM IN HIGH

FREQUENCY BAND

TRANSFORM HIGH FREQUENCY
SIGNAL FROM TIME DOMAIN
TO FREQUENCY DOMAIN

CALCULATE GAIN

QUANTIZE AND ENCODE
CALCULATED GAIN

—125
190 40—

|
150 —
160 —
170 —

PERFORM MULTIPLEXING

END




2/5

PCT/KR2007/002672

WO 2007/142434

1Nno

i

0L¢—

LINA ONIXAAILTNN

09¢—

LINA ONIAOONS
NIVO

0GC—

LINA NOILVINOTVO

NIV

ove

1INN
NOILVINHO4SNVH L
aNOO3S

1INN 1INN
NOILYHINID : «—{ NOILYWHOASNYHL
NNY103dS 1S4
NOILYLIDOX3 czz |
562
LINQ ONIAOONS || uNnoNIcooN3
NIVAOQ NIVINOQ JINIL
AONINDIHA
052 022
LINN
NOILYNINYTL3A
NIVINOQ
012
1INN NOISIAIQ
anve
002 *

NI

c Ild




WO 2007/142434

FIG. 3

3/5

( START )

PCT/KR2007/002672

DEMULTIPLEX BITSTREAM —300
HAS LOW
FREQUENCY SIGNAL BEEN NO
ENCODED IN TIME
DOMAIN ?
310 320
DECODE LOW FREQUENCY SIGNAL DECODE LOW FREQUENCY
AND EXCITATION SIGNAL FOR LOW SIGNAL AND EXCITATION
FREQUENCY SIGNAL IN TIME DOMAIN SPECTRUM FOR LOW
FREQUENCY SIGNAL IN
FREQUENCY DOMAIN
GENERATE SPECTRUM OF EXCITATION "
SIGNAL FOR LOW FREQUENCY SIGNAL 315
GENERATE EXCITATION SPECTRUM 5
IN HIGH FREQUENCY BAND 325
DECODE GAIN — 330

APPLY GAIN TO HIGH FREQUENCY SPECTRUM |~ 335

ADD PERCEPTUAL NOISE TO HIGH
FREQUENCY SPECTRUM

— 340

TRANSFORM HIGH FREQUENCY SPECTRUM
FROM FREQUENCY DOMAIN INTO TIME DOMAIN

— 345

SYNTHESIZE LOW FREQUENCY SIGNAL
WITH HIGH FREQUENCY SIGNAL

— 350

END



4/5

PCT/KR2007/002672

WO 2007/142434

LINM LINN LINN LINN 1INA
1NO == SISIHINAS NOILYINHO4SNVHL NOILIAay ONIA1ddY ONIJOJ33d
aNvd ISHIANI 3SION NIVO NIV
0S¥ Ghv 8147 Gev 0cy
¢ 1INN ONIQO33d
NIYAOQ
_ AON3N03H4
) g 0y
LINAY NOILYHANTD LINA BNIQ053d LINA
AON3N0344 NOILVINHO4SNVYH L ONIXITdILTNNIA
HOIH = NIVNOd
Gev Gly 0Ly GOov QoY

v Old



WO 2007/142434

5/5

PCT/KR2007/002672

iLB1 L:B2 B3 | B4 | HB1 || HB2 || HB3 | HB4
FIG. 6
FFT )
COEFFICIENT Py
v v ~ FREQUENCY
LOW FREQUENCY HIGH

BAND

FREQUENCY BAND




INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2007/002672

A. CLASSIFICATION OF SUBJECT MATTER

GI10L 19/12(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8: G10L 19/00, G10L 19/02, G10L 19/04, G10L 21/00, G10L 21/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility Models since 1975
Japanese Utility Models and applications for Utility Models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKIPASS(KIPO internal) "bandwidth extension, excitation, gain, envelope, LPC"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X QIAN, Y. et al. 'Combining Equalization and Estimation for Bandwidth Extension of 10,11,28,29,38
Narrowband Speech' In: Proceedings of the 2004 IEEE International Conference on
Acoustics, Speech, and Signal Processing. IEEE, 17 May 2004, Volume 1,

A Pages I-713 - 716. 1,12,19,30,37,39

A VALIN, J. M. el al. 'Bandwidth Extension of Narrowband Speech for Low Bit-Rate 1,12,19,30,37.39
Wideband Coding' In: Proceedings of the 2000 IEEE Workshop on Speech Coding.
IEEE, 17 September 2000, Pages 130-132.

A US 5455888 A (IYENGAR V. et al.) 03 October 1995 1,12,19,30,37,39
See column 3, line 31 - column 4, line 49.

A US 5950153 A (OHMORI, S. et al.) 07 September 1999 1,12,19,30,37,39
See whole document.

A US 20050004803 A1 (SMEETS, J. et al.) 06 January 2005 5,152333
See abstract and paragraph [0023].

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

e

e

ey

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

17 AUGUST 2007 (17.08.2007)

Date of mailing of the international search report

17 AUGUST 2007 (17.08.2007)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701,
Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

JANG Ho Keun

82-42-481-8187

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2007/002672

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5455888 A 03.10.1995 None

US 5950153 A 07.09.1999 CN 1185616 A 24.06.1998
EP 0838804 A2 29.04.1998
EP 0838804 A3 30.12.1998
JP 10124088 A2 15.05. 1998
KR 1019980032853 A 25.07.1998

US 20050004803 At 06.01.2005 AT 331280 E 15.07.2006
AU 2002348961 A1l 10.06.2003
CN 1282156 C 25.10.2006
CN 1589469 A 02.03.2005
DE 60212696 CO 03.08.2006
DE 60212696 T2 22.02.2007
EP 1451812 A1 01.09.2004
EP 1451812 B1 21.06.2006
JP 20056509928 T2 14.04.2005
KR 1020040066835 A 27.07.2004
WO 03044777 A1 30.05.2003

Form PCT/ISA/210 (patent family annex) (April 2007)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

