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The purpose of the present invention is to reduce distortion and improve quality in a
time domain for a frequency band component encoded with a small number of bits.
An audio decoding device (10) decodes an audio signal that has been encoded and

571 | Abstract: outputs the audio signal. A decoding unit (10a) decodes an encoded sequence that

includes the audio signal that has been encoded and obtains a decoded signal. A
selective time envelope shaping unit (10b) shapes a time envelope for the frequency
band in the decoded signal on the basis of decoding related information concerning
decoding of the encoded sequence.
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concerning a noise component to be filled to each frequency band. In
this configuration, it is possible to shape the temporal envelope of a
decoded signal in a frequency band into a desired temporal envelop
according to a noise component to be filled to each frequency band, and
thereby improve the quality.

The selective temporal envelope shaping unit may shape the
decoded signal corresponding to a frequency band where the temporal
envelope is to be shaped into a desired temporal envelope with use of'a
filter using a linear prediction coefficient obtained by linear prediction
analysis of the decoded signal in the frequency domain. In this
configuration, it is possible to shape the temporal envelope of a decoded
signal in a frequency band encoded with a small number of bits into a
desired temporal envelop by using a decoded signal in the frequency
domain, and thereby improve the quality.

The selective temporal envelope shaping unit may replace the
decoded signal corresponding to a frequency band where the temporal
envelope is not to be shaped with another signal ih a frequency domain,
then shape the decoded signal corresponding to a frequency band where
the temporal envelope is to be shaped and a frequency band where the
temporal envelope is not to be shaped into a desired temporal envelope
by filtering the decoded signal corresponding to the frequency band
where the temporal envelope is to be shaped and the frequency band
where the temporal envelope is not to be shaped with use of a filter
using a linear prediction coefficient obtained by linear prediction
analysis of the decoded signal in the frequency domain and, after the

temporal envelope shaping, set the decoded signal corresponding to the
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frequency band where the temporal envelope is not to be shaped back to

the original signal before replacement with another signal. In this
configuration, it is possible to shape the temporal envelope of a decoded
signal in a frequency band encoded with a small number of bits into a
desired temporal envelop by using a decoded signal in the frequency
domain and with less computational complexity, and thereby improve
the quality.

An audio decoding device according to one aspect of the present
invention is an audio decoding device that decodes an encoded audio
signal and outputs the audio signal, including a decoding unit
configured to decode an encoded sequence containing the encoded
audio signal and obtain a decoded signal, and a temporal envelope
shaping unit configured to shape the decoded signal into a desired
temporal envelope by filtering the decoded signal in the frequency
domain with use of a filter using a linear prediction coefficient obtained
by linear prediction analysis of the decoded signal in the frequency
domain. In this configuration, it is possible to shape the temporal
envelope of a decoded signal in a frequency band encoded with a small
number of bits into a desired temporal envelop by using a decoded
signal in the frequency domain, and thereby improve the quality.

An audio encoding device according to one aspect of the present
invention is an audio encoding device that encodes an input audio signal
and outputs an encoded sequence, including an encoding unit
configured to encode the audio signal and obtain an encoded sequence
containing the audio signal, a temporal envelope information encoding

unit configured to encode information concerning a temporal envelope
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of the audio signal, and a multiplexing unit configured to multiplex the

encoded sequence obtained by the encoding unit and an encoded
sequence of the information concerning the temporal envelope obtained
by the temporal envelope information encoding unit.

Further, one aspect of the present invention can be regarded as
an audio decoding method, an audio encoding method, an audio
decoding program, and an audio encoding program as described below.

Specifically, an audio decoding method according to one aspect
of the present invention is an audio decoding method of an audio
decoding device that decodes an encoded audio signal and outputs the
audio signal, the method including a decoding step of decoding an
encoded sequence containing the encoded audio signal and obtaining a
decoded signal, and a selective temporal envelope shaping step of
shaping a temporal envelope of a decoded signal in a frequency band
based on decoding related information concerning decoding of the
encoded sequence.

An audio decoding method according to one aspect of the
present invention is an audio decoding method of an audio decoding
device that decodes an encoded audio signal and outputs the audio
signal, the method including a demultiplexing step of dividing an
encoded sequence containing the encoded audio signal and temporal
envelope information concerning a temporal envelope of the audio
signal, a decoding step of decoding the encoded sequence and obtaining
a decoded signal, and a selective temporal envelope shaping step of
shaping a temporal envelope of a decoded signal in a frequency band

based on at least one of the temporal envelope information and
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decoding related information concerning decoding of the encoded
sequence.

~An audio decoding program according to one aspect of the
present invention causes a computer to execute a decoding step of
decoding an encoded sequence containing an encoded audio signal and
obtaining a decoded signal, and a selective temporal envelope shaping
step of shaping a temporal envelope of a decoded signal in a frequency
band based on decoding related information concerning decoding of the
encoded sequence.

An audio decoding method according to one aspect of the
present invention is an audio decoding method of an audio decoding
device that decodes an encoded audio signal and outputs the audio
signal, the method causing a computer to execute a demultiplexing step
of dividing an encoded sequence into an encoded sequence containing
the encoded audio signal and temporal envelope information concerning
a temporal envelope of the audio signal, a decoding step of decoding the
encoded sequence and obtaining a decoded signal, and a selective
temporal envelope shaping step of shaping a temporal envelope of a
decoded signal in a frequency band based on at least one of the temporal
envelope information and decoding related information concerning
decoding of the encoded sequence.

An audio decoding method according to one aspect of the
present invention is an audio decoding method of an audio decoding
device that decodes an encoded audio signal and outputs the audio

signal, the method including a decoding step of decoding an encoded

sequence containing the encoded audio signal and obtaining a decoded
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signal, and a temporal envelope shaping step of shaping the decoded
signal into a desired temporal envelope by filtering the decoded signal
in the frequency domain with use of a filter using a linear prediction
coefficient obtained by linear prediction analysis of the decoded signal
in the frequency domain.

An audio encoding method according to one aspect of the
present invention is an audio encoding method of an audio encoding
device that encodes an input audio signal and outputs an encoded
sequence, the method including an encoding step of encoding the audio
signal and obtaining an encoded sequence containing the audio signal, a
temporal envelope information encoding step of encoding information
concerning a temporal envelope of the audio signal, and a multiplexing
step of multiplexing the encoded sequence obtained in the encoding step
and an encoded sequence of the information concerning the temporal
envelope obtained in the temporal envelope information encoding step.

| An audio decoding program according to one aspect of the
present invention causes a computer to execute a decoding step of
decoding an encoded sequence containing an encoded audio signal and
obtaining a decoded signal, and a selective temporal envelope shaping
step of shaping a temporal envelope of a decoded signal in a frequency
band based on decoding related .information concerning decoding of the

encoded secjuence.

An audio encoding program according to one aspect of the
present invention causes a computer to execute an encoding step
of encoding the audio signal and obtaining an encoded sequence

containing the audio signal, a temporal envelope information encoding

12
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step of encoding information concerning a temporal envelope of the

audio signal, and a multiplexing step of multiplexing the encoded
sequence obtained in the encoding step and an encoded sequence of the
information concerning the temporal envelope obtained in the temporal
envelope information encoding step.
Advantageous Effects of Invention

According to the present invention, it is possible to shape the
temporal envelope of a decoded signal in a frequency band encoded
with a small number of bits into a desired temporal envelop and thereby
improve the quality.

Brief Description of Drawings

Fig. 1 is a view showing the configuration of an audio decoding
device 10 according to a first embodiment.

Fig. 2 is a flowchart showing the operation of the audio
decoding device 10 according to the first embodiment.

Fig. 3 is a view showing the configuration of a first example of a
decoding unit 10a in the audio decoding device 10 according to the first
embodiment.

Fig. 4 is a flowchart showing the operation of the first example
of the decoding unit 10a in the audio decoding device 10 according to
the first embodiment.

Fig. 5 is a view showing the configuration of a second example
of the decoding unit 10a in the audio decodiﬁg device 10 according to
the first embodiment.

Fig. 6 is a flowchart showing the operation of the second

example of the decoding unit 10a in the audio decoding device 10
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according to the first embodiment.

Fig. 7 is a view showing the configuration of a first decoding
unit of the second example of the decoding unit 10a in the audio
decoding device 10 according to the first embodiment.

Fig. 8 is a flowchart showing the operation of the first decoding
unit of the second example of the decoding unit 10a in the audio
decoding device 10 according to the first embodiment.

Fig. 9 is a view showing the configuration of a second decoding
unit of the second example of the decoding unit 10a in the audio
decoding device 10 according to the first embodiment.

Fig. 10 is a flowchart showing the operation of the second
decoding unit of the second example of the decoding unit 10a in the
audio decoding device 10 according to the first embodiment.

Fig. 11 is a view showing the configuration of a first example of
a selective temporal envelope shaping unit 10b in the audio decoding
device 10 according to the first embodiment.

Fig. 12 is a flowchart showing the operation of the first example
of the selective temporal envelope shaping unit 10b in the audio
decoding device 10 according to the first embodiment.

Fig. 13 is an explanatory view showing temporal envelope
shaping. _

Fig. 14 is a view showing the configuration of an audio
decoding device 11 according to a second embodiment.

Fig. 15 is a flowchart showing the operation of the audio
decoding device 11 according to the second embodiment.

Fig. 16 is a view showing the configuration of an audio

14
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encoding device 21 according to the second embodiment.

Fig. 17 is a flowchart showing the’ operation of the audio
encoding device 21 according to the second embodiment.

Fig. 18 is a view showing the configuration of an audio
decoding device 12 according to a third embodiment.

Fig. 19 is a flowchart showing the operation of the audio
decoding device 12 according to the third embodiment.

Fig. 20 is a view showing the configuration of an audio
decoding device 13 according to a fourth embodiment.

Fig. 21 is a flowchart showing the oﬁeration of the audio
decoding device 13 according to the fourth embodiment.

Fig. 22 is a view showing the hardware configuration of a
computer that functions as the audio decoding device or the audio
encoding device according to this embodiment.

Fig. 23 is a view showing a program structure for causing a
computer to function as the audio decoding device.

Fig. 24 is a view showing a program structure for causing a
computer to function as the audio encoding device.

Description of Embodiments

Embodiments of the present invention are described hereinafter
with reference to the attached drawings. Note that, where possible, the
same elements are denoted by the same reference numerals and

redundant description thereof is omitted.
[First Embodiment] Fig. 1 is a view showing the configuration
of an audio decoding device 10 according to a first embodiment. A

communication device of the audio decoding device 10 receives an
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encoded sequence of an audio signal and outputs a decoded audio signal
to the outside. As shown in Fig, 1, the audio decoding device 10
functionally includes a decoding unit 10a and a selective temporal
envelope shaping unit 10b.

Fig. 2 is a flowchart showing the operation of the audio
decoding device 10 according to the first embodiment.

The decoding unit 10a decodes an encoded sequence and
generates a decoded signal (Step S10-1).

“The selective temporal envelope shaping unit 10b receives
decoding related information, which is information obtained when
decoding the encoded sequence, and the decoded signal from the
decoding unit, and selectively shapes the temporal envelope of the
decoded signal component into a desired temporal envelope (Step
$10-2). Note that, in the following description, the temporal envelope of
a signal indicates the variation of the energy or power (and a parameter
equivalent to those) of the signal in the time direction.

Fig. 3 is a view showing the configuration of a first example of
the decoding unit 10a in the audio decoding device 10 according to the
first embodiment. As shown in Fig. 3, the decoding unit 10a
functionally includes a decoding/inverse quantization unit 10aA, a
decoding related information output unit 10aB, and a time-frequency
inverse transform unit 10aC.

Fig. 4 is a flowchart showing the operation of the first example
of the decoding unit 10a in the audio decoding device 10 according to

the first embodiment.

The decoding/inverse quantization unit 10aA performs at least
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one of decoding and inverse quantization of an encoded sequence in

accordance with the encoding scheme of the encoded sequence and
thereby generates a decoded signal in the frequency domain (Step
S10-1-1). |

The decoding related information output unit 10aB receives
decoding related information, which is information obtained when
generating the decoded signal in the decoding/inverse quantization unit
10aA, and outputs the decoding related information (Step S10-1-2). The
decoding related information output unit 10aB may receive an encoded
sequence, analyze it to obtain decoding related information, and output
the decoding related information. For example, the decoding related
information may be the number of encoded bits in each frequency band
or equivalent information (for example, the average number of encoded
bits per one frequency component in each frequency bahd). The
decoding related information may be the number of encoded bits in each
frequency component. The decoding related information may be the
quantization step size in each frequency band. The decoding related
information may be the quantization value of a frequency component.
The frequency component is a transform coefficient of specified
time-frequency transform, for example. The decoding related
information may be the energy or power in each frequency band. The
decoding related information may be information that presents a
specified frequency band(s) (or frequency component). Further, when
another processing related to temporal envelope shaping is included in
the generation of a decoded signal, for example, the decoding related -

information may be information concerning the temporal envelope

17



10

15

shaping processing, such as at least one of information as to whether or
not to perform the temporal envelope shaping processing, information
concerning a temporal envelope shaped by the temporal envelope
shaping processing, and information about the strength of temporal
envelope shaping of the temporal envelope 'shaping processing, for
example. At least one of the above examples is output as the decoding
related information.

The time-frequency inverse transform unit 10aC transforms the
decoded signal in the frequency domain into the decoded signal in the
time domain by specified time-frequency inverse transform and outputs
it (Step S10-1-3). Note that however, the time-frequency inverse
transform unit 10aC may output the decoded signal in the frequency
domain without performing the time-frequency inverse transform. This
corresponds to the case where the selective temporal envelope shaping
unit 10b requests a signal in the frequency domain as an input signal, for
example.

Fig. 5 is a view showing the configuration of a second example
of the decoding unit 10a in the audio decoding device 10 according to
the first embodiment. As shown in Fig. 5, the decoding unit 10a
functionally includes an encoded sequence analysis unit 10aD, a first
decoding unit 10aE, and a second decoding unitl0aF.

Fig. 6 is a flowchart showing the operation of the second
example of the decoding unit 10a in the audio decoding device 10
according to the first embodiment.

The encoded sequence analysis unit 10aD analyzes an encoded

sequence and divides it into a first encoded sequence and a second
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encoded sequence (Step S10-1-4).

The first decoding unit 10aE decodes the first encoded sequence
by a first decoding scheme and generates a first decoded signal, and
outputs first decoding related information, which is information
concerning this decoding (Step S10-1-5).

The secoﬁd decoding unit10aF decodes, using the first decoded
signal, the second encoded sequence by a second decoding scheme and
generates a decoded signal, and outputs second decoding related
information, which is information concerning this decoding (Step
S10-1-6). In this example, the first decoding related information and the
second decoding related information in combination are decoding
related information. |

Fig. 7 is a view showing the configuration of the first decoding
unit of the second example of the decoding unit 10a in the audio
decoding device 10 according to the first embodiment. As shown in Fig.
7, the first decoding‘ unit 10aE functionally includes a first
decoding/inverse quantization unit 10aE-a and a first decoding related
information output unit 10aE-b.

Fig. 8 is a flowchart showing the operation of the first decoding
unit of the second example of the decoding unit 10a in the audio
decoding device 10 according to the first embodiment.

The first decoding/inverse quantization unit 10aE-a performs at
least one of decoding and inverse quantization of a first encoded
sequence in accordance with the encoding Schelﬁe of the first encoded

sequence and thereby generates and outputs the first decoded signal

(Step S10-1-5-1).
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The first decoding related information output unit 10aE-b
receives first decoding related information, which is information
obtained when generating the first decoded signal in the first
decoding/inverse quantization unit 10aE-a, and outputs the first
decoding related information (Step S10-5-2). The first decoding related
information output unit 10aE-b may receive the first encoded sequence,
analyze it to obtain the first decoding related information, and output the
first decoding related information. Examples of the first decoding
related information may be the same as the examples of the decoding
related information that is output from the decoding related information
output unit 10aB. Further, the first decoding related information may be
information indicating that the decoding scheme of the first decoding
unit is a first decoding scheme. Further, the first decoding related
information may be information indicating the frequency band(s) (or
frequency component(s)) contained in the first decoded signal (the
frequency band(s) (or frequency component(s)) of the audio signal
encoded into the first encoded sequence).

Fig. 9 is a view showing the configuration of the second
decoding unit of the second example of the decoding unit 10a in the
audio decoding device 10 according to the first embodiment. As shown
in Fig. 9, the second decoding unit 10aF functionally includes a second
decoding/inverse quantization unit 10aF-a, a second decoding related
information output unit 10aF-b, and a decoded signal synthesis unit
10aF-c. 4

Fig. 10 is a flowchart showing the operation of the second

decoding unit of the second example of the decoding unit 10a in the
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audio decoding device 10 according to the first embodiment.

The second decoding/inverse quantization unit 10aF-1 performs
at least one of decoding and inverse quantization of a second encoded
sequence in accordance with the encoding scheme of the second
encoded sequence and‘ thereby generates and outputs the second
decoded signal (Step S10-1-6-1). The first decoded signal may be used
in the generation of the second decoded signal. The decoding scheme
(second decoding scheme) of the second decoding unit may be
bandwidth extension, and it may be bandwidth extension using the first
decoded signal. Further, as described in Patent Literature 1 (Japanese
Unexamined Patent Publication No. H9-153811), the second decoding
scheme may be a decoding scheme which corresponds to the encoding
scheme that makes approximation of a transform coefficient(s) in a
frequency band(s) where the number of bits allocated by the first
encoding scheme is smaller than a specified threshold to a transform
coefficient(s) in another frequency band(s) as the second encoding
scheme. Alternatively, as described in Patent Literature 2 (United States
Patent No. 7447631), the second decoding scheme may be a decoding
scheme which corresponds to the encoding scheme that generates a
pseudo-noise signal or reproduces a signal with another frequency
component by the second encoding scheme for a frequency component

that is quantized to zero by the first encoding scheme. The second

decoding scheme may be a decoding scheme which corresponds to the

encoding scheme that makes approximation of a certain frequency
component by using a signal with another frequency component by the

second encoding scheme. A frequency component that is quantized to
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zero by the first encoding scheme can be regarded as a frequency

component that is not encoded by the first encoding scheme. In those
cases, a decoding scheme corresponding to the first encoding scheme
may be a first decoding scheme, which is the decoding scheme of the
first decoding unit, and a decoding scheme corresponding to the second
encoding scheme may be a second decoding scheme, which is the
decoding scheme of the second decoding unit.

The second decoding related information output unit 10aF-b
receives second decoding related information that is obtained when
generating the second decoded signal in the second decoding/inverse
quantization unit 10aF-a and outputs the second decoding related
information (Step S10-1-6-2). Further, the second decoding related
information output unit 10aF-b may receive the second encoded
sequence, analyze it to obtain the second decoding related information,
and output the second decoding related information. Examples of the
second decoding related information may be the same as the examples
of the decoding related information that is output from the decoding
related information output unit 10aB.

Further, the second decoding related. information may be
information indicating that the decoding scheme of the second decoding
unit is the second decoding scheme. For example, the second decoding
related information may be information indicating that the second
decoding scheme is bandwidth extension. Further, for example,
information indicating a bandwidth extension scheme for each
frequency band of the second decoded signal that is generated by

bandwidth extension may be used as the second decoding information.
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The information indicating a bandwidth extension scheme for each

frequency band may be information indicating reproduction of a signal
using another frequency band(s), approximation of a signal in a certain
frequency to a signal in another frequency, generétion of a pseudo-noise
signal, addition of a sinusoidal signal and the like, for example. Further,
in the case of making approximation of a signal in a certain frequency to
a signal in another frequency, it may be information indicating an
approximation method. Furthermore, in the case of using whitening
when approximating a signal in a certain frequency to a signal in
another frequency, information concerning the strength of the whitening
may be used as the second decoding information. Further, for example,
in the case of adding a pseudo-noise signal when approximating a signal
in a certain frequency to a signal in another frequency, information
concerning the level of the pseudo-noise signal may be used as the
second decoding information. Furthermore, for example, in the case of
generating a pseudo-noise signal, information concerning the level of
the pseudo-noise signal may be used as the second decoding
information.

Further, for example, the second decoding related information
may be information indicating that the second decoding scheme is a
decoding scheme which corresponds to the encoding scheme that
performs one or both of approximation of a transform coefficient(s) in a

frequency band(s) where the number of bits allocated by the first
encoding scheme is smaller than a specified threshold to a transform
coefficient(s) in another frequency band(s) and addition (or substitution)

of a transform coefficient(s) of a pseudo-noise signal. For example, the
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second decoding related information may be information concerning the
approximation method of a transform coefficient(s) in a certain
frequency band(s). For example, in the case of using a method of
whitening a transform coefficient(s) in another frequency band(s) as the
approximation method, information concerning the strength of the
whitening may be used as the second decoding information. Further,
information concerning the level of the pseudo-noise signal may be used
as the second decoding information.

Further, for example, the second decoding related information
may be information indicating that the second encoding scheme is an
encoding scheme that generates a pseudo-noise signal or reproduces a
signal with another frequency component for a frequency component
that is quantized to zero by the first encoding scheme (that is, not
encoded by the first encoding scheme). For example, the second
decoding related information may be information indicating whether
each frequency component is a frequency component that is quantized
to zero by the first encoding scheme (that is, not encoded by the first
encoding scheme). For example, the second decoding related
information may be information indicating whether to generate a
pseudo-noise signal or reproduce a signal -with another frequency
component for a certain frequency component. Further, for example, in
the case of reproducing a signal with another frequency component for a
certain frequency component, the second decoding related information
may be information concerning a reproduction method. The information
concerning a reproduction method may be the frequency of a source

component of the reproduction, for example. Further, it may be
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information as to whether or not to perform processing on a source
frequency component of the reproduction and information concerning
processing to be performed during the reproduction, for example.
Further, in the case where the processing to be performed on a source
frequency component of the reproduction is whitening, for example, it
may be information concerning the strength of the whitening.
Furthermore, in the case where the processing to be performed on a
source frequency component of the reproduction is addition of a
pseudo-noise signal, it may be information concerning the level of the
pseudo-noise signal.

The decoded signal synthesis unit 10aF-c synthesizes a decoded
signal from the first decoded signal and the second decoded signal and
outputs it (Step S10-1-6-3). In the case where the second encoding
scheme is bandwidth extension, the first decoded signal is a signal in a
fow frequency band(s) and the second decoded signal is a signal in a
high frequency band(s) in general, and the decoded signal has the both
frequency bands.

Fig. 11 is a view showing the configuration of a first example of
the selective temporal envelope shaping unit 10b in the audio decoding
device 10 according to the first embodiment. As shown in Fig. 11, the '
selective temporal envelope shaping unit 10b functionally includes a |
time-frequency transform unit 10bA, a frequency selection unit 10bB, a

frequency selective temporal envelope shaping unit 10bC, and a
time-frequency inverse transform unit 10bD.

Fig. 12 is a flowchart showing the operation of the first example

of the selective temporal envelope shaping unit 10b in the audio
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decoding device 10 according to the first embodiment.

The time-frequency transform unit 10bA transforms a decoded
signal in the time domain into a décoded signal in the frequency domain
by specified time-frequency transform (Step S10-2-1). Note that
however, when the decoded signal is a signal in the frequency domain,
the time-frequency transform unit 10bA and Step S10-2-1 can be
omitted.

The frequency selection unit 10bB selects a frequency band(s)
of the frequency-domain decoded signai where temporal envelope
shaping is to be performed by using at least one of the
frequency-domain decoded signal and the decoding related information
(Step S10-2-2). In this frequency selection step, a frequency component
where temporal envelope shaping is to be performed may be selected.
The frequency band(s) (or frequency component(s)) to be selected may
be a part of or the whole of the ﬁequenby band(s) (or frequency
component(s)) of the decoded signal.

For example, in the case where the decoding related information
is the number of encoded bits in each frequency band, a frequency
band(s) where the number of encoded bits is smaller than a specified
threshold may be selected as the frequency band(s) where temporal
envelope shaping is to be performed. Likewise, in the case where the
decoding related information is equivalent information to the number of
encoded bits in each frequency band, the frequency band(s) where
temporal envelope shaping is to be performed can be selected by
comparison with a specified threshold as a matter of course. Further, in

the case where the decoding related information is the number of
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encoded bits in each frequency component, for example, a frequency
component where the number of encoded bits is smaller than a specified
threshold may be selected as the frequency component where temporal
envelope shaping is to be performed. For example, a frequency
component where a transform coefficient(s) is not encoded may be
selected as the frequency component where temporal envelope shaping
is to be performed. Further, for example, in the cése where the decoding
related information is the quantization step size in each frequency band,
a frequency band(s) where the quantization step size is larger than a
specified threshold may be selected as the frequency band(s) where
temporal envelope shaping is to be performed. Further, in the case
where the decoding related information is the quantization value of a
frequency component, for example, the frequency band(s) where
temporal envelope shaping is to be performed may be selected by
comparing the quantization value with a specified threshold. For
example, a component where a quantization transform coefficient(s) is
smaller than a specified threshold may be selected as the frequency
component where temporal envelope shaping is to be performed.
Further, in the case where the decoding related information is the energy
or power in each frequency band, for example, the frequency band(s)
where temporal envelope shaping is to be performed may be selected by
comparing the energy or power with a specified threshold. For example,

when the energy or power in a frequency band(s) where selective
temporal envelope shaping is to be performed is smaller than a specified
threshold, it can be determined that temporal envelope shaping is not

performed in this frequency band(s).
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DESCRIPTION

Title of Invention /
AUDIO DECODING DEVICE, AUDIO ENCODIN DEVI%E,
AUDIO DECODING METHOD, AUDIO ENCODING METHOD, |
AUDIO DECODING PROGRAM, AND AUDI® ENCODING
PROGRAM

Technical Field

The present invention relates to an audio decoding device, an
audio encoding device, an audio decoding method, an audio encoding
method, an audio decoding program, and an audio encoding program.
Background Art

Audio coding technology that compresses the amount of data of
an audio signal or an acoustic signal to one-several tenths of its original
size is significantly important in the context of transmitting and
accumulating signals. One example of widely used audio coding -
technology is transform coding that encodes a signal in a frequency
domain.

In transform coding, adaptive bit allocation that allocates bits
needed for encoding for each frequency band in accordance with an
input signal is widely used to obtain high quality at a low bit rate. The
bit allocation technique that minimizes the distortion due to encoding is
allocation in accordance with the signal power of each frequency band,
and bit allocation that takes the human sense of hearing into
consideration is also done. A

On the other hand, there is a technique for improving the quality

of a frequency band(s) with a very small number of allocated bits..
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Further, in the case where the decoding related information is
information concerning another temporal envelope shaping processing,
a frequency band(s) where this temporal envelope shaping processing is
not to be performed may be selected as the frequency band(s) where
temporal envelope shaping according to the present invention is to be
performed.

Further, \in the case where the decoding unit 10a has the
configuration described as the second example of the decoding unit 10a
and the decoding related information is the encoding scheme of the
second decoding unit, a frequency band(s) to be decoded by the second
decoding unit by a scheme corresponding to the encoding scheme of the
second decoding unit may be selected as the -frequency band(s) where
temporal envelope shaping is to be performed. For example, when the
encoding scheme of the second decoding unit is bandwidth extension, a
frequency band(s) to be decoded by the second decoding unit may be
selected as the frequency band(s) where temporal envelope shaping is to
be performed. Further, for example, when the encoding scheme of the
second decoding unit is bandwidth extension in the time domain, a
frequency band(s) to be decoded by the second decoding unit may be
selected as the frequency band(s) where temporal envelope shaping is to
be performed. For example, when the encoding scheme of the second
decoding unit is bandwidth extension in the frequency domain, a
frequency band(s) to be decoded by the second decoding unit may be
selected as the frequency band(s) where temporal envelope shaping is to
be performed. For example, a frequency band(s) where a signal is

reproduced with another frequency band(s) by bandwidth extension
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may be selected as the frequency band(s) where temporal envelope
shaping is to be performed. For example, a frequency band(s) where a
signal is approximated by using a signal in another frequency band(s)
by bandwidth extension may be selected as the frequency band(s) where
temporal envelope shaping is to be performed. For example, a frequency
band(s) where a pseudo-noise signal is generated by bandwidth
extension may be selected as the frequency band(s) where temporal
envelope shaping is to be performed. For example, a frequency band(s)
excluding a frequency band(s) where a sinusoidal signal is added by
bandwidth extension may be selected as the frequency band(s) where
temporal envelope shaping is to be performed.

Further, in the case where the decoding unit 10a has the
configuration described as the second example of the decoding unit 10a,
and the second encoding scheme is an encoding scheme that performs
one or both of approximation of a transform coefficient(s) of a
frequency band(s) or component(s) where the number of bits allocated
by the first encoding scheme is smaller than a specified threshold (or a
frequency band(s) or component(s) that is not encoded by the first
encoding scheme) to a transform coefficient(s) in another frequency
band(s) or component(s) and addition (or substitution) of a transform
coefficient(s) of a pseudo-noise signal, a frequency band(s) or
component where approximation of a transform coefficient(s) to a
transform coefficient(s) in another frequency band(s) or component(s) is
made may be selected as the frequency band(s) or component(s) where
temporal envelope shaping is to be performed. For example, a frequency

band(s) or component(s) where a transform coefficient(s) of a
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pseudo-noise signal is added or substituted may be selected as the
frequency band(s) or component(s) where temporal envelope shaping is
to be performed. For example, a frequency band(s) or component(s)
may be selected as the frequency band(s) or component(s) where
temporal envelope shaping is to be performed in accordance with an
approximation method when approximating a transform coefficient(s)
by using a transform coefficient(s) in another frequency band(s) or
component(s). For example, in the case of using a method of whitening
a transform coefficient(s) in another frequency band(s) or component(s)
as the approximation method, the frequency band(s) or component(s)
where temporal envelope shaping is to be performed may be selected
according to the strength of the whitening. For example, in the case of -
adding (or substituting) a transform coefficient(s) of a pseudo-noise
signal, the frequency band(s) or component(s) where temporal envelope
shaping is to be performed may be selected according to the level of the
pseudo-noise signal.

Furthermore, in the case where the decoding unit 10a has the
configuration described as the second example of the decoding unit 10a,
and the second encoding scheme is an encoding scheme that generates a
pseudo-noise signal or reproduces a signal in another frequency
component (or makes approximation using a signal in another frequency
component) for a frequency component that is quantized to zero by the
first encoding scheme (that is, not encoded by the first encoding .
scheme), a frequency component where a pseudo-noise signal is
generated may be selected as the frequency component where temporal

envelope shaping is to be performed. For example, a frequency
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component where reproduction of a signal in another frequency -
component (or approximation using a signal in another frequency
component) is done may be selected as the frequency component where
temporal envelope shaping is to be performed. For example, in the case
of reproducing a signal in another frequency component (or making
approximation using a signal in another frequency component) for a
certain frequency component, the frequency component where temporal
envelope shaping is to be performed may be selected according to the
frequency of a source component of the reproduction (or
approximation). For example, the frequency component where temporal
envelope shaping is to be performed may be selected according to
whether or not to perform processing on a source frequency component
of the reproduction during the reproduction. Further, for example, the
frequency component where temporal envelope shaping is to be
performed may be selected according to processing to be performed on
a source frequency component of the reproduction (or approximation)
during the reproduction (or approximation). For example, in the case
where the processing to be performed on a source frequency component
of the reproduction (or approximation) is whitening, the frequency
component where temporal envelope shaping is to be performed may be
selected according to the strength of the whitening. Further, for example,
the frequency component where temporal envelope shaping is to be
performed may be selected according to a method of approximation.

A method of selecting a frequency component or a frequency
band(s) may be a combination of the above-described examples. Further,

the frequency component(s) or band(s) of a frequency-domain decoded
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signal where temporal envelope shaping is to be performed may be
selected by using at least one of the ﬁequency-domain decoded signal |
and the decoding related information, and a method of selecting a
frequency component or a frequency band(s) is not limited to the above
examples.

The frequency selective temporal envelope shaping unit 10bC
shapes the temporal envelope of the frequency band(s) of the decoded
signal which is selected by the frequency selection unit 10bB into a
desired temporal envelope (Step S10-2-3). The temporal envelope
shaping may be done for each frequency component.

As a method for temporal envelope shaping, the temporal
envelope may be made flat by filtering with a linear prediction inverse
filter using a linear prediction coefficient(s) obtained by linear
prediction analysis of a transform coefficient(s) of a selected frequency
band(s), for example. A transfer function A(z) of the linear prediction
inverse filter is a function that represents a response of the linear
prediction inverse filter in a discrete-time system, which is represented

by the following equation:
(D Az)=1+ ia,.z“'
i=1

where p is a prediction order and ai(i = 1,..,p) is a linear prediction
coefficient. For example, a method of making the temporal envelope
rising or falling by filtering a transform coefficient(s) of a selected
frequency band(s) with a linear prediction filter using the linear
prediction coefficient(s) may be used. A transfer function of the linear

prediction filter is represented by the following equation:
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In the temporal envelope shaping using the linear prediction
coefficient(s), the strength of making the temporal envelope flat, or
rising or falling may be adjusted using a bandwidth expansion ratio p as

the following equations.
p . :

() A@x)=1+>ap'z"
i=1

1 l

@ -L-
(2) 1+iafpiz~i

The above-described example may be performed on a
sub-sample at arbitrary time t of a sub-band signal that is obtained by :
transforming a decoded signal into a frequency—domain signal by a filter
bank, not only on a transform coefficient(s) that is obtained by
time-frequency transform of the decoded signal. In the above example,
by filtering a decoded signal in the frequency domain on the basis of
linear prediction analysis, the distribution of the power of the decoded
signal in the time domain is changed to thereby shape the temporal
envelope.

Further, for example, the temporal envelope may be flattened by
converting the amplitude of a sub-band signal obtained by transforming
a decoded signal into a frequency-domain signal by a filter bank into the
average amplitude of a frequency component(s) (or frequency band(s))

where temporal envelope shaping is to be performed in an arbitrary time
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segment. It is thereby possible to make the temporal envelope flat while
maintaining the energy of the frequency component(s) (or frequency
band(s)) of the time segment before temporal envelope shaping.
Likewise, the temporal envelope may be made rising or falling by
changing the amplitude of a sub-band signal while maintaining the
energy of the frequency component(s) (or frequency band(s)) of the
time segment before temporal envelope shaping.

Further, for example, as shown in Fig. 13, in a frequency band(s)
that contains a frequency component(s) or frequency band(s) that is not
selected as the frequency component(s) or frequency band(s) where
temporal envelope shaping is to be performed by the frequency
selection unit 10bB (which is referred to as a non-selected frequency
component(s) or non-selected frequency band(s)), temporal envelope
shaping may be performed by the above-described temporal envelope
shaping method after replacing a transform coefficient(s) (or
sub-sample(s)) of the non-selected frequency component(s) (or
non-selected frequency band(s)) of a decoded signal with another value,
and then the transform coefficient(s) (or sub-sample(s)) of the
non-selected frequency component(s) (or non-selected frequency
band(s)) may be set back to the original value before the replacement,
thereby performing temporal envelope shaping on the frequency
component(s) (or frequency band(s)) excluding the non-selected
frequency component(s) (or non-selected frequency band(s)).

In this way, even when the frequency component(s) (or
frequency band(s)) where temporal envelope shaping is to be performed

is divided into many small segments due to scattered non-selected
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frequency components (or non-selected frequency bands), it is possible
to perform temporal envelope shaping of the frequency component(s)
(or frequency band(s)) segments all together, thereby achieving __
reduction of computational complexity. For example, in the
above-described temporal envelope shaping method using the linear
prediction analysis, while it is required to perform the linear prediction
analysis for each of the frequency component(s) (or frequency band(s))
segments where temporal envelope shaping is to be performed without
this technique, it is only necessary to perform the linear prediction
analysts once for the frequency component(s) (or frequency band(s))
segments including non-selected frequency components (or
non-selected frequency bands), and further it is only necessary to
perform filtering with the linear prediction inverse filter (or linear
prediction filter) of the frequency component(s) (or frequency band(s))
segments  including non-selected frequency components (or
non-selected frequency bands) all at once, thereby achieving reduction
of computational complexity.

In the replacement of a transform coefficient(s) (or
sub-sample(s)) of the non-selected frequency component(s) (or
non-selected frequency band(s)), the amplitude of a transform
coefficient(s) (or sub-sample(s)) of the non-selected frequency
component(s) (or non-selected frequency band(s)) may be replaced with
the average value of the amplitude including the transform coefficient(s)
(or sub-sample(s)) of the non-selected frequency component(s) (or
non-selected frequency band(s)) and the adjacent frequency

component(s) (or frequency band(s)). As this time, the sign of the
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transform coefficient(s) may be the same as the sign of the original
transform coefficient(s), and the phase of the sub-sample may be the
same as the phase of the original sub-sample. Furthermore, in the case
where the transform coefficient(s) (or sub-sample(s)) of the frequency
component(s) (or frequency band(s)) is not quantized/encoded, and it is
selected to perform temporal envelope shaping on a frequency
component(s) (or frequency band(s)) that is generated by reproduction
or approximation using the transform coefficient(s) (or sub-sample(s))
of another frequency component(s) (or frequency band(s)), or/and
generation or addition of a pseudo-noise signal, and/or addition of a
sinusoidal signal, the transform coefficient(s) (or sub-sample(s)) of the
non-selected frequency component(s) (or non-selected frequency
band(s)) may be replaced with a transform coefficient(s) (or
sub-sample(s)) that is generated by reproduction or approximation using
the transform coefficient(s) (or sub-sample(s)) of another frequency
component(s) (or frequency band(s)), or/and generation or addition of a
pseudo-noise signal, and/or addition of a sinuéoidal signal in a pseudo
manner. A temporal envelope shaping method of the selected frequency
band(s) may be a combination of the above-described methods, and the
temporal envelope shaping method is not limited to the above examples.
The time-frequency inverse transform unit 10bD transforms the
decoded signal where temporal envelope shaping has been performed in
a frequency selective manner into the signal in the time domain and
outputs it (Step S10-2-4).
[Second Embodiment] Fig. 14 is a view showing the

configuration of an audio decoding device 11 according to a second
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embodiment. A communication device of the audio decoding device 11
receives an encoded sequence of an audio signal and outputs a decoded
audio signal to the outside. As shown in Fig, 14, the audio decoding
device 11 functionally includes a demultiplexing unit 11a, a decoding
unit 10a, and a selective temporal envelope shaping unit 11b.

Fig. 15 is a flowchart showing the operation of the audio
decoding device 11 according to the second embodiment.

The demultiplexing unit 11a divides an encoded sequence into
the encoded sequence to obtain a decoded signal and temporal envelope
information by decoding/inverse quantization (Step S11-1). The
decoding unit 10a decodes the encoded sequence and thereby generates
a decoded signal (Step S10-1). When the temporal envelope information
is encoded or/and quantized, it is decoded or/and inversely quantized to
obtain the temporal envelope information.

The temporal envelope information may be information
indicating that the temporal envelope of an input signal that has been
encoded by an encoding device is flat, for example. For example, it may
be information indicating that the temporal envelope of the input signal
is rising. For example, it may be information indicating that the
temporal envelope of the input signal is falling.

Further, for example, the temporal envelope information may be
information indicating the degree of flatness of the temporal envelope of

the input signal, information indicating the degree of rising of the
temporal envelope of the input signal, or information indicating the
degree of falling of the temporal envelope of the input signal, for

example.
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Patent Literature 1 discloses a technique that makes approximation of a
transform coefficient(s) in a frequency band(s)» where the number of
allocated bits is smaller than a specified threshold to a transform
coefficient(s) in another frequency band(s). Patent Literature 2 discloses
a technique that generates a pseudo-noise signal and a technique that
reproduces a signal with a component that is not quantized to zero in
another frequency band(s), for a component that is quantized to zero
because of a small power in a frequency band(s).

Further, in consideration of the fact that the power of an audio
signal and an acoustic signal is generally higher in a low frequency
band(s) than in a high frequency band(s), which has a significant effect
on the subjective quality, bandwidth extension that generates a high
frequency band(s) of an input signal by using an encoded low frequency
band(s) is widely used. Because the bandwidth extension can generate a
high frequency band(s) with a small number of bits, it is possible to
obtain high quality at a low bit rate. Patent Literature 3 discloses a
technique that generates a high frequency band(s) by reproducing the
spectrum of a low frequency band(s) in a high frequency band(s) and
then adjusting the spectrum shape based on information concerning the
characteristics of the high frequency band(s) spectrum transmitted from
an encoder.

Citation List
Patent Literature

PTLI:J apanese Unexamined Patent Publication No. H9-153811

PTL2: United States Patent No. 7447631

PTL3: Japanese Patent No. 5203077
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Further, for example, the temporal envelope information may be
information indicating whether or not to shape the temporal envelope by
the selective temporal envelope shaping unit.

The selective temporal envelope shaping unit 11b receives
decoding related information, which is information obtained when
decoding the encoded sequence, and the decoded signal from the
decoding unit 10a, receives the temporal enveldpe information from the
demultiplexing unit, and selectively shapes the temporal envelope of the
decoded signal component into a desired temporal envelope based on at
least one of them (Step S11-2).

A method of the selective temporal envelope shaping in the
selective temporal envelope shaping unit 11b may be the same as the
one in the selective temporal envelope shaping unit 10b, or the selective
temporal envelope shaping may be performed by taking the temporal
envelope information into consideration as well, for example. For
example, in the case where the temporal envelope information is
information indicating that the temporal envelope of an input signal that
has been encoded by an encoding device is flat, the temporal envelope
may be shaped to be flat based on this information. In the case where
the temporal envelope information is information indicating that the
temporal envelope of the input signal is rising, for example, the
temporal envelope may be shaped to rise based on this information. In
the case where the temporal envelope information is information
indicating that the temporal envelope of the input signal is falling, for
example, the temporal envelope may be shaped. to fall based on this

information.
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Further, for example, in the case where the temporal envelope
information is information indicating the degree of flatness of the
temporal envelope of the input signal, the degree of making the
temporal envelope flat may be adjusted based on this information. In the
case where the temporal envelope information is information indicating
the degree of rising of the temporal envelope of the input signal, for
example, the degree of making the temporal envelope rising may be
adjusted based on this information. In the cése where the temporal
envelope information is information indicating the degree of falling of
the temporal envelope of the input signal, for example, the degree of
making the temporal envelope falling may be adjusted based on this
information.

Further, for example, in the case where the temporal envelope
information is information indicating whether or not to shape the
temporal envelope by the selective temporal envelope shaping unit 11b,
whether or not to perform temporal envelope shaping may be
determined based on this information.

Further, for example, in the case of performing temporal
envelope shaping based on the temporal envelope information of the
above-described examples, a frequency component (or frequency band)
where temporal envelope shaping is to be performed may be selected in
the same way as in the first embod ment, and the temporal envelope of
the selected frequency component(s) (or frequency band(s)) of the
decoded signal may be shaped into a desired temporal envelope.

" " Fig. 16 is a view showing the configuration of an audio

encoding device 21 according to the second embodiment. A
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communication device of the audio encoding device 21 receives an
audio signal to be encoded from the outside, and outputs an encoded
sequence to the outside. As shown in Fig, 16, the audio encoding device
21 functionally includes an encoding unit 2la, -a temporal envelope
information encoding unit 21b, and a multiplexing unit 21c.

Fig. 17 is a flowchart showing the operation of the audio
encoding device 21 according to the second embodiment.

The encoding unit 2la encodes an inpﬁt audio signal and
generates an encoded sequence (Step S21-1). The encoding scheme of
the audio signal in the encoding unit 2la is an encoding scheme
corresponding to the decoding scheme of the decoding unit 10a
described above.

The temporal envelope information encoding unit 21b generates
temporal envelope information with use of the input audio signal and at
least one of information obtained when encoding the audio signal in the
encoding unit 21a. The generated temporal envelope information may
be encoded/quantized (Step S21-2). The temporal envelope information
may be temporal envelope information that is obtained in the
demultiplexing unit 11a of the audio decoding device 11.

Further, in the éase where processing related to temporal
envelope shaping, which is different from the processing in the present
invention, is performed when generating a decoded signal in the
decoding unit of the audio decoding device 11, and information
concerning this temporal envelope shaping processing is stored in the

audio encoding device 21, for example, the temporal envelope

information may be generated using this information. For example,
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information as to whether or not to shape the temporal envelope in the

selective temporal envelope shaping unit 11b of the audio decoding
device 11 may be generated based on information as to whether or not
to perform temporal envelope shaping processing which is different
from the one in the present invention.

 Further, in the case where the selective temporal envelope
shaping unit 11b of the audio decoding device 11 performs the temporal
envelope shaping using the linear prediction analysis that is described in
the first example of the selective temporal envelope shaping unit 10b of
the audio decoding device 10 according to the first embodiment, for
example, it may generate the temporal envelope information by using a
result of the linear prediction analysis of a transform coefficient(s) (or
sub-band samples) of an input audio signél, just like the linear
prediction analysis in this temporal envelope shaping. To be specific, a
prediction gain by the linear prediction analysis may be calculated, and
the temporal envelope information may be generated based on the
prediction gain. When calculating the prediction gain, linear prediction
analysis may be performed on the transform coefficient(s) (or sub-band
sample(s)) of the whole of the frequency band(s) of an input audio
signal, or linear prediction analysis may be performed on the transform
coefficient(s) (or sub-band sample(s)) of a part of the frequency band(s)

of an input audio signal. Furthermore, an input audio signal may be

divided into a plurality of frequency band segments, and linear °

prediction analysis of the transform coefficient(s) (or sub-band
sample(s)) may be performed for each frequency band segment, and

because a plurality of prediction gains are obtained in this case, the
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temporal envelope information may be generated by using the plurélity
of prediction gains.

Further, for example, information obtained when encoding the
audio signal in the encoding unit 21a may be at least one of information
obtained when encoding by the encoding scheme corresponding to the
first decoding scheme (first encoding scheme) and information obtained
when encoding by the encoding scheme corresponding to the second
decoding scheme (second encoding scheme) in the case where the
decoding unit 10a has the configuration of the second example.

The multiplexing unit 21¢ multiplexes the encoded sequence
obtained by the encoding unit and the temporal envelope information
obtained by the temporal envelope information encoding unit and
outputs them (Step S21-3).

[Third Embodiment] Fig. 18 is a view showing the configuration
of an audio decoding device 12 according to a third embodiment. A
communication device of the audio decoding device 12 receives an
encoded sequence of an audio signal and outputs a decoded audio signal
to the outside. As shown in Fig, 18, the audio decoding device 12
functionally includes a decoding unit 10a and a temporal envelope
shaping unit 12a.

Fig. 19 is a flowchart showing the operation of the audio
decoding device 12 according to the third embodiment. The decoding
unit 10a decodes an encoded sequence and generates a decoded signal
(Step S10-1). Then, the temporal envelope shaping unit 12a shapes the
temporal envelope of the decoded signal that is output from the

decoding unit 10a into a desired temporal envelope (Step S12-1). For
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temporal envelope shaping, a method that makes the temporal envelope
flat by filtering with the linear prediction inverse filter using a linear
prediction coefficient(s) obtained by linear prediction analysis of a
transform coefficient(s) of a decoded signal, or a method that makes the
temporal envelope rising or falling by filtering with the linear prediction
filter using the linear prediction coefficient(s) mayA be used, as described
in the first embodiment. Further, the strength of making the temporal
envelope flat, rising or falling may be adjusted using a bandwidth
expansion ratio, or the temporal envelope shaping in the
above-described example may be performed on a sub-sample(s) at
arbitrary time t of a sub-band signal obtained by transforming a decoded
signal into a frequency-domain signal by a filter bank, instead of a
transform coefficient(s) of the decoded signal. Furthermore, as
described in the first embodiment, the amplitude of the sub-band signal
may be corrected to achieve a desired temporal envelope in an arbitrary
time segment, and, for example, the temporal envelope may be flattened
by changing the amplitude of the sub-band signal into the average
amplitude of a frequency component(s) (or frequency band(s)) where
temporal envelope shaping is to be performed. The above-described
temporal envelope shaping may be performed on the entire frequency
band of the decoded signal, or may be performed on a specified
frequency band(s).

[Fourth Embodiment] Fig. 20 is a view showing the
configuration of an audio decoding device 13 according to a fourth
embodiment. A communication device of the audio decoding device 13

receives an encoded sequence of an audio signal and outputs a decoded
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audio signal to the outside. As shown in Fig, 20, the audio decoding
device 13 functionally includes a demultiplexing unit 11a, a decoding
unit 10a, and a temporal envelope shaping unit 13a.

Fig. 21 is a flowchart showing the operation of the audio
decoding device 13 according to the fourth embodiment. The
demultiplexing unit 11a divides an encoded sequence into the encoded
sequence to obtain a decoded signal and temporalk envelope information
by decoding/inverse quantization (Step S11-1). The decoding unit 10a
decodes the encoded sequence and thereby generates a decoded signal
(Step S10-1). The temporal envelope shaping unit 13a receives the
temporal envelope information from the demultiplexing unit 11a, and
shapes the temporal envelope of the decoded signal that is output from
the decoding unit 10a into a desired temporal envelope based on the
temporal envelope information (Step S13- D).

The temporal envelope information may be information
indicating that the temporal envelope of an input signal that has been
encoded by an encoding device is flat, information indicating that the
temporal envelope of the input signal is rising, or information indicating
that the temporal envelope of the input signal is falling, as described in
the second embodiment. Further, for example, the temporal envelope
information may be information indicating the degree of flatness of the
temporal envelope of the input signal, information indicating the degree
of rising of the temporal envelope of the input signal, information
indicating the degree of falling of the temporal envelope of the input

signal, or information indicating whether or not to shape the temporal

envelope in the temporal envelope shaping unit 13a.
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[Hardware Configuration] Bach of the above-described audio
decoding devices 10, 11, 12, 13 and the audio encoding device 21 is
composed of hardware such as CPU. Fig. 11 is a view showing an
example of hardware configurations of the audio decoding devices 10,
11, 12, 13 and the audio encoding device 21. As shown in Fig. 11, each
of the audio decoding devices 10, 11, 12, 13 and the audio encoding
device 21 is physically configured as a computer system including a
CPU 100, a RAM 101 and a ROM 102 as a main storage device, an
input/output device 103 such as a display, a communication module 104,
an auxiliary storage device 105 and the like.

The tunctions of each functional block of the audio decoding
devices 10, 11, 12, 13 and the audio encoding device 21 are
implemented by loading given computer software onto hardware such
as the CPU 100, the RAM 101 or the like shown in Fig. 22, making the
input/output device 103, the communicatioﬁ module 104 and the
auxiliary storage device 105 operate under control of the CPU 100, and
performing data reading and writing in the RAM 101.

[Program Structure] An audio decoding program 50 and an
audio encoding program 60 that cause a computer to execute processing
by the above-described audio decoding devices 10, 11, 12, 13 and the
audio encoding device 21, respective'y, are described hereinafter.

As shown in Fig. 23, the audio decoding program 50 is stored in
a program storage area 41 formed in a recording medium 40 that is
inserted into a computer and accessed, or included in a computer. To be
specific, the audio decoding program 50 is stored in the program storage

area 41 formed in the recording medium 40 that is included in the audio
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decoding device 10.

The functions implemented by executing a decoding module 50a
and a selective temporal envelope shaping module 50b of the audio
decoding program 50 are the same as the functions of the decoding unit
10a and the selective temporal envelope shaping unit 10b of the audio
decoding device 10 described above, respectively. Further, the decoding
module 50a includes modules for serving as the decoding/inverse
quantization unit 10aA, the decoding related information output unit
10aB and the time-frequency inverse transform unit 10aC. Further, the
decoding module 50a may include modules for serving as the encoded
sequence analysis unit 10aD, the first decoding unit 10aE and the
second decoding unit10aF.

Further, the selective temporal envelope shaping module 50b
includes modules for serving as the time-frequency transform unit 10bA, -
the frequency selection unit 10bB, the frequency selective temporal
envelope shaping unit 10bC and the time-frequency inverse transform
unit 10bD.

- Further, in order to serve as the above-described audio decoding
device 11, the audio decoding program 50 includes modules for serving
as the demultiplexing unit 11a, the decoding unit 10a and the selective
temporal envelope shaping unit 11b.

Further, in order to serve as the above-described audio decoding
device 12, the audio decoding program 50 includes modules for serving
as the decoding unit 10a and the temporal envelope shaping unit 12a.

Further, in order to serve as the above-described audio decoding

device 13, the audio decoding program 50 includes modules for serving
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as the demultiplexing unit 11a, the decoding unit 10a and the temporal
envelope shaping unit 13a.

Further, as shown in Fig. 24, the audio encoding program 60 is
stored in a program storage area 41 formed in a recording medium 40
that is inserted into a computer and accessed, or included in a computer.
To be specific, the audio encoding program 60 is stored in the program
storage area 41 formed in the recording medium 40 that is included in
the audio encoding device 20.

The audio encoding program 60 includes an encoding module
60a, a temporal envelope information encoding module 60b, and a
multiplexing module 60c. The functions implemented by executing the
encoding module 60a, the temporal envelope information encoding
module 60b and the multiplexing module 60c are the same as the
functions of the encoding unit 21a, the temporal envelope information
encoding unit 21b and the multiplexing unit 21c of the audio encoding
device 21 described above, respectively.

Note that a part or the whole of each of the audio decoding
program 50 and the audio encoding program 60 may be transmitted
through a transmission medium such as a communication line, received
and recorded (including being instalied) by another device. Further,
each module of the audio decoding program 50 and the audio encoding
program 60 may be installed not in one computer but in any of a
plurality of computers. In this case, the processing of each of the audio
decoding program 50 and the audio encoding program 60 is performed
by a computer system composed of the plurality of compﬁters.

Reference Signs List
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Summary of Invention
Technical Problem

In the above-described technique, the component of a frequency
band(s) that is encoded with a small number of bits is similar to the
corresponding component of the original sound in the frequency domain.
On the other hand, distortion is significant in the time domain, which
can cause degradation in quality.

In view of the foregoing, it is an object of the present invention
to provide an audio decoding device, an audio encoding device, an
audio decoding method, an audio encoding method, an audio decoding
program, and an audio encoding program that can reduce the distortion
of a frequency band(s) component encoded with a small number of bits
in the time domain and thereby improve the quality.

Solution to Problem

To solve the above problem, an audio decoding device
according to one aspect of the present invention is an audio decoding
device that decodes an encoded audio signal and outputs the audio
signal, including a decoding unit configured to decode an encoded
sequence containing the encoded audio signal and obtain a decoded
signal, and a selective temporal envelope shaping unit configured to
shape a temporal envelope of a decoded signal in a frequency band
based on decoding related information concerning decoding of the
encoded sequence. The temporal envelope of a signal indicates the
variation of the energy or power (and a parameter equivalent to those)
of the signal in the time direction. In this configuration, it is possible to

shape the temporal envelope of a decoded signal in a frequency band
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10aF-1...inverse quantization unit, 10...audio decoding device,

10a...decoding unit, 10aA...decoding/inverse quantization unit,

10aB...decoding related information output unit,

10aC.. time-frequency inverse transformm unit, 10aD...encoded
sequence analysis unit, 10aE.. first decoding unit, 10aE-a...first
decoding/inverse quantization unit, 10aE-b...first decoding related
information output unit, 10aF...second decoding unit, 10aF-a...second
decoding/inverse quantization unit, 10aF-b...second decoding related
information output unit, 10aF-c...decoded signal synthesis unit,
10b.. .selective temporal envelope shaping unit, 10bA... .time-frequency
transform unit, 10bB...frequency selection unit, 10bC...frequency
selective temporal envelope shaping unit, 10bD...time-frequency
inverse  transform  unit, 1l...audio  decoding  device,
11a...demultiplexing unit, 11b...selective temporal envelope shaping
unit, 12...audio decoding device, 12a...temporal envelope shaping unit,
13...audio decoding device, 13a...temporal envelope shaping unit,
21...audio encoding device, 2la...encoding unit, 21b...temporal

envelope information encoding unit, 21¢...multiplexing unit
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encoded with a small number of bits into a desired temporal envelop
and thereby improve the quality. A

Further, an audio decoding device according to one aspect of the
present invention is an audio decoding device that decodes an encoded

audio signal and outputs the audio signal, including a demultiplexing

unit configured to divide an encoded sequence containing the encoded

audio signal and temporal envelope information conceming a temporal
envelope of the audio signal, a decoding unit configured to decode the
encoded sequence and obtain a decoded signal, and a selective temporal
envelope shaping unit configured to shape a temporal envelope of a
decoded signal in a frequency band based on at least one of the temporal
envelope information and decoding related information concerning
decoding of the encoded sequence. In this configuration, it is possible to
shape the temporal envelope of a decoded signaﬂ in a frequency band
encoded with a small number of bits into a desired temporal envelop
based on the temporal envelope information generated in an audio
encoding device that generates and outputs the encoded sequence of the
audio signal by referring to the audio signal that is input to the audio
encoding device, and thereby improve the quality.

The decoding unit may include a decoding/inverse quantization
unit configured to perform at least one of decoding and inverse
quantization of the encoded sequence and obtain a frequency-domain
decoded signal, a decoding related information output unit configured to
output, as decoding related information, at least one of information
obtained in the course of at least one of decoding and inverse

quantization in the decoding/inverse quantization unit and information
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obtained by analyzing the encoded sequence, and a time-frequency
inverse transform unit configured to transform the frequency-domain
decoded signal into a time-domain signal and output the signal. In this
configuration, it is possible to shape the temporal envelope of a decoded
signal in a frequency band encoded with a small number of bits into a
desired temporal envelop and thereby improve the quality.

Further, the decoding unit may include an encoded sequence
analysis unit configured to divide the encoded sequence into a first
encoded sequence and a second encoded sequence, a first decoding unit
configured to perform at least one of decoding and inverse quantization
of the first encoded sequence, obtain a first decoded signal, and obtain
first decoding related information as the decoding related information,
and a second decoding unit configured to obtain and output a second
decoded signal by using at least one of the second encoded sequence
and the first decoded signal, and output second decoding related
information as the decoding related information. In this configuration,
when a decoded signal is generated by being decoded in a plurality of
decoding units also, it is possible to shape the temporal envelope of a
decoded signal in a frequency band encoded with a small number of bits
into a desired temporal envelop and thereby improve the quality.

The first decoding unit may include a first decoding/inverse
quantization unit configured to perform at least one of decoding and
inverse quantization of the first encoded sequence and obtain a first
decoded signal, and a first decoding related information output unit

configured to output, as first decoding related information, at least one

of information obtained in the course of at least one of decoding and
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inverse quantization in the first decoding/inverse quantization unit and
information obtained by analyzing the first encoded sequence. In this
configuration, when a decoded signal is generated by being decoded ina
plurality of decoding units, it is possible to shape the temporal envelope
of a decoded signal in a frequency band encoded with a small number of
bits into a desired temporal envelop based at least on information
concerning the first decoding unit, and thereby improve the quality.

The second decoding unit may include a second
decoding/inverse quantization unit configured to obtain a second
decoded signal by using at least one of the second encoded sequence
and the first decoded signal, and a second decoding related information
output unit configured to output, as second decoding related information,
at least one of information obtained in the course of obtaining the
second decoded signal in the second decoding/inverse quantization unit
and information obtained by analyzing the second encoded sequence. In
this configuration, when a decoded signal is generated by being decoded
in a plurality of decoding units, it is possible to shape the temporal
envelope of a decoded signal in a frequency band encoded with a small
number of bits into a desired temporal envelop based at least on
information concerning the second decoding unit, and thereby improve
the quality.

The selective temporal envelope shaping unit may include a
time-frequency transform unit configured to transform the decoded
signal into a frequency-domain signal, a frequency selective temporal
envelope shaping unit configured to shape a temporal envelope of the

frequency-domain decoded signal in each frequency band based on the
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decoding related information, and a time-frequency inverse transform
unit configured to transform the frequency-domain decoded signal
where the temporal envelope in each frequency band has been shaped
into a time-domain signal. In this configuration, it is possible to shape
the temporal envelope of a decoded signal in a frequency band encoded
with a small number of bits into a desired temporal envelop in the
frequency domain and thereby improve the quality.

The decoding related information may be information
concerning the number of encoded bits in each frequency band. In this

configuration, it is possible to shape the temporal envelope of a decoded

‘'signal in a frequency band into a desired temporal envelop according to

the number of encoded bits in each frequency band, and thereby
improve the quality.

The decoding related information may be information
concerning a quantization step in each frequency band. In this
configuration, it is possible to shape the temporal envelope of a decoded
signal in a frequency band into a desired temporal envelop according to
a quantization step in each frequency band, and thereby improve the
quality.

The decoding related information may be information
concerning an encoding scheme in each frequency band. In this
configuration, it is possible to shape the temporal envelope of a decoded
signal in a frequency band into a desired temporal envelop according to
an encoding scheme in each frequency band, and thereby improve the
quality.

The decoding related information may be information
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CLAIMS

.

>
1. An audio decoding device that decodes an encoded audio signal and optputs
7
the audio signal, comprising: e

a decoding unit configured to decode an encoded sequen contairﬁ% the
encoded audio signal and obtain a decoded signal,;
a selective temporal envelope shaping unit configuéd to shape a temporal
envelope of a decoded signal in a frequency band based on decoding related information
concerning decoding of the encoded sequence; and
wherein the selective temporal envelope shaping unit replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to
be shaped with use of a filter using a linear prediction coefficient obtained by linear
prediction analysis of the decoded signal in the frequency domain and, after the
temporal envelope shaping, sets the decoded signal corresponding to the frequency band

where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

2. An audio decoding device that decodes an encoded audio signal and outputs

the audio signal, comprising:
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a temporal envelope information extracting unit configured to extract temporal
envelope information concerning a temporal envelope of an audio signal from an input
encoded sequence;

a decoding unit configured to decode the encoded sequence and obtain a
decoded signal;

a selective temporal envelope shaping unit configured to shape a temporal
envelope of a decoded signal in a frequency band based on at least one of the temporal
envelope information and decoding related information concerning decoding of the
encoded sequence; and
wherein the selective temporal envelope shaping unit replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to
be shaped with use of a filter using a linear prediction coefficient obtained by linear
prediction analysis of the decoded signal in the frequency domain and, after the
temporal envelope shaping, sets the decoded signal corresponding to the frequency band
where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

3. The audio decoding device according to Claim 1 or 2, wherein the decoding

unit comprises:
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a decoding/inverse quantization unit configured to perform at least one of
decoding and inverse quantization of the encoded sequence and obtain a
frequency-domain decoded signal; and

a decoding related information output unit configured to output, as decoding
related information, at least one of information obtained in the course of at least one of
decoding and inverse quantization in the decoding/inverse quantization unit and

information obtained by analyzing the encoded sequence.

4. The audio decoding device according to Claim 1 or 2, wherein the decoding
unit comprises:

an encoded sequence analysis unit configured to extract a first encoded
sequence and a second encoded sequence from the encoded sequence;

a first decoding unit configured to perform at least one of decoding and inverse
quantization of the first encoded sequence, obtain a first decoded signal, and obtain first
decoding related information as the decoding related information; and

a second decoding unit configured to obtain and output a second decoded
signal by using at least one of the second encoded sequence and the first decoded signal,

and output second decoding related information as the decoding related information.

5. The audio decoding device according to Claim 4, wherein the first decoding
unit comprises:

a first decoding/inverse quantization unit configured to perform at least one of
decoding and inverse quantization of the first encoded sequence and obtain a first

decoded signal; and
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a first decoding related information output unit configured to output, as first
decoding related information, at least one of information obtained in the course of at
least one of decoding and inverse quantization in the first decoding/inverse quantization

unit and information obtained by analyzing the first encoded sequence.

6. The audio decoding device according to Claim 4, wherein the second
decoding unit comprises:

a second decoding/inverse quantization unit configured to obtain a second
decoded signal by using at least one of the second encoded sequence and the first
decoded signal; and

a second decoding related information output unit configured to output, as
second decoding related information, at least one of information obtained in the course
of obtaining the second decoded signal in the second decoding/inverse quantization unit

and information obtained by analyzing the second encoded sequence.

7. The audio decoding device according to claim 1 or 2, wherein the selective
temporal envelope shaping unit comprises:

a frequency selective temporal envelope shaping unit configured to shape a
temporal envelope in each frequency band of the frequency-domain decoded signal
based on the decoding related information; and

a time-frequency inverse transform unit configured to transform the
frequency-domain decoded signal where the temporal envelope in each frequency band

has been shaped into a time-domain signal.
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8. The audio decoding device according to claim 1 or 2, wherein the decoding

related information is information concerning the number of encoded bits in each

frequency band.

9. The audio decoding device according to claim 1 or 2, wherein the decoding

related information is information concerning a quantization value in each frequency

band.

10. The audio decoding device according to claim 1 or 2, wherein the decoding
related information is information concerning an encoding scheme in each frequency

band.

11. The audio decoding device according to claim 1 or 2, wherein the decoding
related information is information concerning a noise component to be filled to each

frequency band.

12. The audio decoding device according to claim 1 or 2, wherein the selective
temporal envelope shaping unit shapes the decoded signal corresponding to a frequency
band where the temporal envelope is to be shaped into a desired temporal envelope with
use of a filter using a linear prediction coefficient obtained by linear prediction analysis

of the decoded signal in the frequency domain.

13. An audio decoding device that decodes an encoded audio signal and outputs

the audio signal, comprising:
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a decoding unit configured to decode an encoded sequence containing the
encoded audio signal and obtain a decoded signal;

a temporal envelope shaping unit configured to shape the decoded signal into a
desired temporal envelope by filtering the decoded signal in a frequency domain with
5 use of a filter using a linear prediction coefficient obtained by linear prediction analysis

of the decoded signal in the frequency domain; and
wherein the temporal envelope shaping unit replaces the decoded signal corresponding
to a frequency band where the temporal envelope is not to be shaped with another signal
in a frequency domain, then shapes the decoded signal corresponding to a frequency
10 band where the temporal envelope is to be shaped and a frequency band where the
temporal envelope is not to be shaped into a desired temporal envelope by filtering the
decoded signal corresponding to the frequency band where the temporal envelope is to
be shaped and the frequency band where the temporal envelope is not to be shaped with
use of a filter using a linear prediction coefficient obtained by linear prediction analysis
15 of the decoded signal in the frequency domain and, after the temporal envelope shaping,
sets the decoded signal corresponding to the frequency band where the temporal
envelope is not to be shaped back to the original signal before replacement with another

signal.

20 14. An audio decoding method of an audio decoding device that decodes an
encoded audio signal and outputs the audio signal, comprising:
- adecoding step of decoding an encoded sequence containing the encoded audio
signal and obtaining a decoded signal;

a selective temporal envelope shaping step of shaping a temporal envelope of a
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decoded signal in a frequency band based on decoding related information concerning
decoding of the encoded sequence; and

wherein the selective temporal envelope shaping step replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to
be shaped with use of a filter using a linear prediction coefficient obtained by linear
prediction analysis of the decoded signal in the frequency domain and, after the
temporal envelope shaping, sets the decoded signal corresponding to the frequency band
where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

15. An audio decoding method of an audio decoding device that decodes an
encoded audio signal and outputs the audio signal, comprising:

a extracting step of extracting temporal envelope information concerning a
temporal envelope of an audio signal from an encoded sequence;

a decoding step of decoding the encoded sequence and obtaining a decoded
signal;

a selective temporal envelope shaping step of shaping a temporal envelope of a
decoded signal in a frequency band based on at least one of the temporal envelope

information and decoding related information concerning decoding of the encoded
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sequence; and

wherein the selective temporal envelope shaping step replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to
be shaped with use of a filter using a linear prediction coefficient obtained by linear
prediction analysis of the decoded signal in the frequency domain and, after the
temporal envelope shaping, sets the decoded signal corresponding to the frequency band
where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

16. An audio decoding method of an audio decoding device that decodes an
encoded audio signal and outputs the audio signal, comprising:

a decoding step of decoding an encoded sequence containing the encoded audio
signal and obtaining a decoded signal;

a temporal envelope shaping step of shaping the decoded signal into a desired
temporal envelope by filtering the decoded signal in a frequency domain with use of a
filter using a linear prediction coefficient obtained by linear prediction analysis of the
decoded signal in the frequency domain; and
wherein the temporal envelope shaping step replaces the decoded signal corresponding

to a frequency band where the temporal envelope is not to be shaped with another signal
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in a frequency domain, then shapes the decoded signal corresponding to a frequency
band where the temporal envelope is to be shaped and a frequency band where the
temporal envelope is not to be shaped into a desired temporal envelope by filtering the
decoded signal corresponding to the frequency band where the temporal envelope is to
be shaped and the frequency band where the temporal envelope is not to be shaped with
use of a filter using a linear prediction coefficient obtained by linear prediction analysis
of the decoded signal in the frequency domain and, after the temporal envelope shaping,
sets the decoded signal corresponding to the frequency band where the temporal
envelope is not to be shaped back to the original signal before replacement with another
signal.

17. An audio decoding program causing a computer to execute:

a decoding step of decoding an encoded sequence containing an encoded audio
signal and obtaining a decoded signal,;

a selective temporal envelope shaping step of shaping a temporal envelope of a
decoded signal in a frequency band based on decoding related information concerning
decoding of the encoded sequence; and
wherein the selective temporal envelope shaping step replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to

be shaped with use of a filter using a linear prediction coefficient obtained by linear
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prediction analysis of the decoded signal in the frequency domain and, after the
temporal envelope shaping, sets the decoded signal corresponding to the frequency band
where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

18. An audio decoding program causing a computer to execute:

a extracting step of extracting temporal envelope information concerning a
temporal envelope of an audio signal from an encoded sequence;

a decoding step of decoding the encoded sequence and obtaining a decoded
signal;

a selective temporal envelope shaping step of shaping a temporal envelope of a
decoded signal in a frequency band based on at least one of the temporal envelope
information and decoding related information concerning decoding of the encoded
sequence; and
wherein the selective temporal envelope shaping step replaces the decoded signal
corresponding to a frequency band where the temporal envelope is not to be shaped with
another signal in a frequency domain, then shapes the decoded signal corresponding to a
frequency band where the temporal envelope is to be shaped and a frequency band
where the temporal envelope is not to be shaped into a desired temporal envelope by
filtering the decoded signal corresponding to the frequency band where the temporal
envelope is to be shaped and the frequency band where the temporal envelope is not to
be shaped with use of a filter using a linear prediction coefficient obtained by linear
prediction analysis of the decoded signal in the frequency domain and, after the

temporal envelope shaping, sets the decoded signal corresponding to the frequency band
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where the temporal envelope is not to be shaped back to the original signal before

replacement with another signal.

19. An audio decoding program causing a computer to execute:

a decoding step of decoding an encoded sequence containing an encoded audio
signal and obtaining a decoded signal;

a temporal envelope shaping step of shaping the decoded signal into a desired
temporal envelope by filtering the decoded signal in a frequency domain with use of a
filter using a linear prediction coefficient obtained by linear prediction analysis of the
decoded signal in the frequency domain; and
wherein the temporal envelope shaping step replaces the decoded signal corresponding
to a frequency band where the temporal envelope is not to be shaped with another signal
in a frequency domain, then shapes the decoded signal corresponding to a frequency
band where the temporal envelope is to be shaped and a frequency band where the
temporal envelope is not to be shaped into a desired temporal envelope by filtering the
decoded signal corresponding to the frequency band where the temporal envelope is to
be shaped and the frequency band where the temporal envelope is not to be shaped with
use of a filter using a linear prediction coefficient obtained by linear prediction analysis
of the decoded signal in the frequency domain and, after the temporal envelope shaping,
sets the decoded signal corresponding to the frequency band where the temporal
envelope is not to be shaped back to the original signal before replacement with another

signal.
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Fig.21
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