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An audio-signal processing apparatus includes: a center-lo-
calization-degree detection section detecting a center-local-
ization degree indicating a degree of concentration on a center
of localization distribution of an audio signal; an expansion-
section detection section detecting an expansion section
expanding a dynamic range of the audio signal on the basis of
the center-localization degree; and an expansion section
expanding the dynamic range ofthe audio signal in the expan-
sion section.
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AUDIO-SIGNAL PROCESSING APPARATUS
AND METHOD, AND PROGRAM

BACKGROUND

[0001] The present disclosure relates to an audio-signal
processing apparatus and method, and program. In particular,
the present disclosure relates to an audio-signal processing
apparatus and method, and program that is suitable for use in
the case of expanding a dynamic range of an audio signal.
[0002] When an audio signal is transmitted through a net-
work, such as the Internet, etc., a transmittable peak value of
the audio signal (hereinafter referred to as a maximum trans-
mission level) is limited by capacity of a transmission line, a
standard, etc. And if an audio signal is attenuated such that a
peak value of the audio signal becomes not higher than a
maximum transmission level, the wider an audio signal has a
dynamic range, the lower an average value of the signal level
(hereinafter referred to as an average level) becomes, and a
sound-volume feeling is lost.

[0003] Thus, in order to increase a sound-volume feeling,
there are cases where an audio signal is amplified to increase
an average level once, then, components of the audio signal
exceeding a maximum transmission level are cut or attenu-
ated by a limiter circuit, etc., and the audio signal is transmit-
ted. A description will be given of a specific example of this
processing with reference to FIG. 1A to FIG. 1C.

[0004] Individual graphs in FIG. 1A to FIG. 1C schemati-
cally illustrate waveforms of an audio signal. The horizontal
axis shows time, and the vertical axis shows a signal level.
Also, dashed lines in FIG. 1A to FIG. 1C denote maximum
transmission levels.

[0005] FIG. 1A illustrates an example of a waveform of an
original audio signal. Also, FIG. 1B illustrates an example of
awaveform of the audio signal after the audio signal is ampli-
fied and an average level of the audio signal is raised in order
to increase a sound-volume feeling. Further, FIG. 1C illus-
trates an example of a waveform in which the audio signal in
FIG. 1B has been subjected to limiter processing, and por-
tions of the signal exceeding the maximum transmission level
is cut. And the audio signal in FIG. 1C is transmitted through
a network.

[0006] Theaudiosignal in FIG. 1C has ahigh average level,
but variations in the signal level become smaller compared
with the audio signal in FIG. 1A. Accordingly, a sound-
volume feeling increases compared with the original signal,
whereas a dynamic range held by the original audio signal is
lost, and the sound of the audio signal becomes flat and
ambiguous.

[0007] On the other hand, to date, an expander has become
widespread as a technique for expanding a dynamic range of
an audio signal (for example, refer to Japanese Unexamined
Patent Application Publication No. 2001-230647). The
expander changes an amplification gain in accordance with
an audio signal level so as to expand a dynamic range of the
audio signal. Also, an expander enabling a user to adjust an
expansion characteristic is provided.

SUMMARY

[0008] FIG. 2 illustrates an example of an input/output
characteristic of a related-art expander. FIG. 2 illustrates a
ratio of a level of an output signal (vertical axis) to a level of
an input signal (horizontal axis).
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[0009] Using an expander having this input/output charac-
teristic, it is possible to make a small sound still smaller, and
to make a loud sound further louder. As a result, it is possible
to expand a dynamic range, and to obtain a sound that is nicely
varied.

[0010] Here, consider the case where the dynamic range of
the audio signal in FIG. 1C is expanded by an expander
having an input/output characteristic in FIG. 2 with reference
to FIG. 3A and FIG. 3B. In this regard, individual graphs in
FIG. 3A and FIG. 3B illustrate a waveform of an audio signal
in the same manner as FIG. 1A to FIG. 1C.

[0011] Normally, an average level of an audio signal is
decreased to a predetermined value before the audio signal is
input into the expander in order for a peak value of the audio
signal not to become too high by expanding the dynamic
range. For example, the audio signal in FIG. 1C has a high
average level, and thus before being input into the expander,
the average level is decreased to a predetermined value as
shown in FIG. 3A.

[0012] FIG. 3B illustrates an example of a waveform of an
audio signal that has been produced when the audio signal in
FIG. 3A is subjected to dynamic-range expansion by an
expander having the input/output characteristic in FIG. 2. In
this manner, even if dynamic-range expansion is performed
by an expander on an audio signal whose dynamic range has
been lost once, it is difficult to recover the original dynamic
range.

[0013] The present disclosure has been made in view of
such circumstances. It is desirable to properly recover a
dynamic range of an audio signal.

[0014] According to an embodiment of the present disclo-
sure, there is provided an audio-signal processing apparatus
including: a center-localization-degree detection section
detecting a center-localization degree indicating a degree of
concentration on a center of localization distribution of an
audio signal; an expansion-section detection device detecting
an expansion section expanding a dynamic range of the audio
signal on the basis of the center-localization degree; and an
expansion section expanding the dynamic range of the audio
signal in the expansion section.

[0015] In the above-described audio-signal processing
apparatus, the expansion-section detection device may detect
a section having a center-transition degree indicating a degree
of transition of the audio signal on the center of localization
distribution not less than a predetermined threshold value as
the expansion section.

[0016] The center-transition degree may be a derivative of
the center-localization degree.

[0017] The expansion-section detection device may detect
a section having the center-localization degree not less than a
predetermined threshold value as the expansion section.

[0018] The above-described audio-signal processing appa-
ratus may further include: an input-signal-level detection sec-
tion detecting an input signal level indicating a level of the
audio signal; and an expansion-signal-level setting section
setting an expansion signal level indicating an expansion
level of the dynamic range of the audio signal and having a
predetermined minimum value in a section different from the
expansion section and changing within a range not higher
than a predetermined maximum value in the expansion sec-
tion, wherein the expansion section expands the dynamic
range of the audio signal in a section having the expansion
signal level higher than the input signal level.
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[0019] The above-described audio-signal processing appa-
ratus may further include: a comparison section comparing
the input signal level and the expansion signal level, and
outputting either higher one of the levels; and a expansion-
gain calculation section calculating an expansion gain on the
basis of the output value of the comparison section and the
input signal level, wherein the expansion section amplifies the
audio signal on the basis of the expansion gain so as to expand
the dynamic range of the audio signal.

[0020] The above-described audio-signal processing appa-
ratus may further include a correction section correcting the
level of the audio signal so as to keep the signal at a constant
level, wherein the center-localization-degree detection sec-
tion detects a center-localization degree of the corrected
audio signal, and the expansion section expands the dynamic
range of the corrected audio signal.

[0021] According to another embodiment of the present
disclosure, there is provided A method of processing an audio
signal by an audio-signal processing apparatus expanding a
dynamic range of the audio signal, the method including:
detecting a center-localization degree indicating a degree of
concentration on a center of localization distribution of the
audio signal; detecting an expansion section expanding the
dynamic range of the audio signal on the basis of the center-
localization degree; and expanding the dynamic range of the
audio signal in the expansion section.

[0022] According to another embodiment of the present
disclosure, there is provided a program for causing a com-
puter to perform processing including: detecting a center-
localization degree indicating a degree of concentration on a
center of localization distribution of an audio signal; detect-
ing an expansion section expanding a dynamic range of the
audio signal on the basis of the center-localization degree;
and expanding the dynamic range of the audio signal in the
expansion section.

[0023] In an embodiment of the present disclosure, a cen-
ter-localization degree indicating a degree of concentration
on a center of localization distribution of an audio signal is
detected, an expansion section expanding a dynamic range of
the audio signal is detected on the basis of the center-local-
ization degree, and the dynamic range of the audio signal is
expanded in the expansion section.

[0024] By an embodiment of the present disclosure, it is
possible to properly recover a dynamic range of an audio
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1A to FIG. 1C are diagrams for explaining an
example of processing performed on an audio signal before
transmission;

[0026] FIG.2isa graph illustrating an example of an input/
output characteristic of an expander;

[0027] FIG. 3A and FIG. 3B are diagrams illustrating pro-
cessing for expanding a dynamic range of an audio signal by
an expander;

[0028] FIG. 4 is a block diagram illustrating an audio-
signal processing apparatus according to a first embodiment
of the present disclosure;

[0029] FIG. 5is a block diagram illustrating an example of
a functional configuration of an expansion-section detection
device;

[0030] FIG. 6 is a flowchart illustrating dynamic-range
expansion processing according to the first embodiment;
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[0031] FIG. 7A to FIG. 7E are signal waveform diagrams
illustrating dynamic-range expansion processing according
to the first embodiment;

[0032] FIG. 8 is a flowchart for explaining details of expan-
sion-section detection processing;

[0033] FIG. 9A to FIG. 9C are signal waveform diagrams
for explaining details of expansion-section detection process-
ing;

[0034] FIG. 10A and FIG. 10B are signal waveform dia-

grams illustrating an example of a result of dynamic-range
expansion processing by the audio-signal processing appara-
tus according to the first embodiment;

[0035] FIG. 11 is a block diagram illustrating an audio-
signal processing apparatus to which a second embodiment of
the present disclosure is applied;

[0036] FIG.12isaflowchart for explaining dynamic-range
expansion processing in the second embodiment;

[0037] FIG. 13A to FIG. 13G are signal waveform dia-
grams for explaining the dynamic-range expansion process-
ing in the second embodiment;

[0038] FIG. 14A to FIG. 14G are signal waveform dia-
grams for explaining the dynamic-range expansion process-
ing in the second embodiment; and

[0039] FIG. 15is ablock diagram illustrating an example of
a configuration of a computer.

DETAILED DESCRIPTION OF EMBODIMENTS

[0040] Inthefollowing, descriptions will be given of modes
for carrying out the present disclosure (hereinafter called
embodiments). In this regard, the descriptions will be given in
the following order.

[0041] 1. First embodiment (basic embodiment)

[0042] 2. Second embodiment (example of suppressing
excessive expansion of dynamic range)

[0043] 3. Variations

1. First Embodiment

Example of Configuration of Audio-Signal Process-
ing Apparatus

[0044] FIG. 4 is a block diagram illustrating an audio-
signal processing apparatus to which a first embodiment of
the present disclosure is applied.

[0045] An audio-signal processing apparatus 101 in FIG. 4
is, for example, an apparatus to which a stereo audio signal of
two channels, namely right and left channels (I.ch and Rch),
is input, and which expands a dynamic range of the input
audio signal (hereinafter referred to as an input signal) to
output the signal. The audio-signal processing apparatus 101
includes an AGC (Auto Gain Control) 111, an expansion-
section detection device 112, an expansion-signal-level set-
ting section 113, an expansion-gain calculator 114, and a
dynamic range expander 115.

[0046] The AGC 111 performs level correction so as to
keep the input signal constant. The AGC 111 supplies the
level-corrected input signal (hereinafter referred to as a cor-
rected input signal) to the expansion-section detection device
112 and the dynamic range expander 115.

[0047] The expansion-section detection device 112 detects
an expansion section in which a dynamic range of the input
signal is expanded on the basis of the corrected input signal.
The expansion-section detection device 112 supplies an



US 2012/0155656 Al

expansion-section detection signal indicating the detected
expansion section to the expansion-signal-level setting sec-
tion 113.

[0048] The expansion-signal-level setting section 113 sets
an expansion signal level indicating a level to which the
dynamic range of the input signal is expanded on the basis of
the expansion-section detection signal. The expansion-sig-
nal-level setting section 113 supplies an expansion-signal-
level signal indicating the set expansion signal level to the
expansion-gain calculator 114.

[0049] The expansion-gain calculator 114 calculates an
expansion gain for expanding the dynamic range of the input
signal on the basis of the expansion-signal-level signal. The
expansion-gain calculator 114 supplies an expansion-gain
signal indicating the calculated expansion gain to the
dynamic range expander 115.

[0050] The dynamic range expander 115 amplifies the cor-
rected input signal on the basis of the expansion-gain signal
so as to expand the dynamic range of the corrected input
signal. The dynamic range expander 115 outputs the audio
signal (hereinafter referred to as an output signal) obtained as
a result to the subsequent stage.

Example of Configuration of Expansion-Section
Detection Device

[0051] FIG. 5is a block diagram illustrating an example of
a configuration of the expansion-section detection device 112
in FIG. 4. The expansion-section detection device 112
includes a center-localization degree detector 131, a center-
transition degree detector 132, and a threshold determinator
133.

[0052] The center-localization degree detector 131 detects
a center localization degree indicating a degree of concentra-
tion on a center of a localization distribution of the corrected
input signal supplied from the AGC 111. The center-localiza-
tion degree detector 131 supplies a center-localization-degree
detection signal indicating the detected center localization
degree to the center-transition degree detector 132.

[0053] The center-transition degree detector 132 detects a
degree of transition on a center of the localization distribution
of the corrected input signal on the basis of the center-local-
ization-degree detection signal. The center-transition degree
detector 132 supplies a center-transition-degree detection
signal indicating the detected center-transition degree to the
threshold determinator 133.

[0054] The threshold determinator 133 detects an expan-
sion section by comparing the center-transition-degree detec-
tion signal with a predetermined threshold value. The thresh-
old determinator 133 supplies an expansion-section detection
signal indicating the detected expansion section to the expan-
sion-signal-level setting section 113.

Dynamic-Range Expansion Processing

[0055] Next, a description will be given of dynamic-range
expansion processing executed by the audio-signal process-
ing apparatus 101 with reference to a flowchart in FIG. 6 and
a signal waveform diagram in FIG. 7A to FIG. 7E. In this
regard, this processing is started, for example, when an input
signal is input into the audio-signal processing apparatus 101.
[0056] In this regard, individual graphs in FIG. 7A to FIG.
7E schematically illustrate waveforms of various signals to be
processed by the dynamic-range expansion processing. The
horizontal axis shows time, and the vertical axis shows a
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signal level. Also, dashed lines in FIG. 7A to FIG. 7C and
FIG. 7E denote allowable audio-signal peak values (herein-
after referred to as maximum allowable peak levels).

[0057] Also, in the following, a description will be given of
processing of the case where an input signal shown in FIG. 7A
is input into the audio-signal processing apparatus 101 as a
specific example. In this regard, the input signal in FIG. 7A is
the same signal as the audio signal in FIG. 1C.

[0058] In step S1, the AGC 111 performs level correction.
Specifically, the AGC 111 performs level correction on the
input signal such that an average level of the individual chan-
nels becomes a predetermined reference level. Thereby, for
example, the input signal in FIG. 7A is corrected as shown in
FIG. 7B. The AGC 111 supplies the level-corrected input
signal (the corrected input signal) to the center-localization
degree detector 131 of the expansion-section detection device
112 and the dynamic range expander 115.

[0059] Inthis regard, a method of the AGC 111 performing
level correction is not limited to a specific method, and any
method may be employed.

[0060] In step S2, the expansion-section detection device
112 executes expansion-section detection processing. Here, a
detailed description will be given of the expansion-section
detection processing with reference to a flowchart in FIG. 8
and signal waveform diagrams in FIG. 9A to FIG. 9C.
[0061] In this regard, individual graphs in FIG. 9A to FIG.
9C schematically illustrate waveforms of various signals to
be processed by the expansion-section detection processing.
The horizontal axis shows time, and the vertical axis shows a
signal level.

[0062] In step S21, the center-localization degree detector
131 detects a center localization degree. Specifically, the
center-localization degree detector 131 calculates a localiza-
tion distribution of the corrected input signal on the basis of
the corrected input signals of both right and left channels.
Further, the center-localization degree detector 131 detects a
center localization degree indicating how much a localization
distribution of the corrected input signal is concentrated on a
center on the basis of the calculated localization distribution.
And the center-localization degree detector 131 supplies a
center-localization-degree detection signal indicating the
detected center localization degree to the center-transition
degree detector 132.

[0063] FIG. 9A illustrates an example of a waveform of the
center-localization-degree detection signal.

[0064] In this regard, in order to detect a localization dis-
tribution and a center localization degree of an audio signal,
any method, for example, a method disclosed in Japanese
Unexamined Patent Application Publication No. 2008-
28693, etc., may be employed.

[0065] In step S22, the center-transition degree detector
132 detects a center-transition degree. Specifically, the cen-
ter-transition degree detector 132 differentiates the center-
localization-degree detection signal so as to generate a center-
transition-degree detection signal indicating how much the
localization distribution of the corrected input signal has
changed to a center. And the center-transition degree detector
132 supplies the generated center-transition-degree detection
signal to the threshold determinator 133.

[0066] FIG. 9B illustrates an example of a waveform of the
center-transition-degree detection signal obtained by differ-

entiating the center-localization-degree detection signal in
FIG. 9A.
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[0067] In step S23, the threshold determinator 133 detects
an expansion section. Specifically, the threshold determinator
133 compares the center-transition-degree detection signal
with a predetermined threshold value. And the threshold
determinator 133 generates an expansion-section detection
signal which becomes an H level (high level) during a section
having the center-transition-degree detection signal not less
than a threshold value, and becomes an L level (low level)
during a section having the center-transition-degree detection
signal less than the threshold value. A section in which the
center-transition-degree detection signal becomes the thresh-
old value or more, and the expansion-section detection signal
becomes the H level is determined to be an expansion section.
And the threshold determinator 133 supplies the generated
expansion-section detection signal to the expansion-signal-
level setting section 113.

[0068] FIG. 9C illustrates an example of a waveform of an
expansion-section detection signal obtained as a result of a
comparison of the center-transition-degree detection signal in
FIG. 9B with a threshold value indicated by a dashed hori-
zontal line.

[0069] In general, playback sound of a stereo audio signal,
such as music, etc., is spread in right and left directions in
room, and sound of rhythm instruments, vocal, etc., is con-
centrated around a center, and is localized. Accordingly, a
localization distribution of an audio signal normally is spread
in right and left directions, but a beginning phrase of a vocal,
an attack sound of a rhythm instrument, etc., are rapidly
concentrated on a center at a moment when a strong attack
appears.

[0070] Also, even if amplitude of an audio signal is cor-
rected by limit processing, etc., a localization distribution of
an audio signal is not so much influenced by that correction,
and is kept substantially unchanged. That is to say, a local-
ization distribution of an audio signal seldom changes before
and after amplitude of the audio signal is corrected.

[0071] Accordingly, by detecting a section having a center-
transition degree not less than a threshold value, it is possible
to detect a section in which a localization distribution of an
audio signal rapidly changes, that is to say, to detect a section
including a moment of the appearance of a strong attack as an
expansion section.

[0072] After that, the expansion-section detection process-
ing terminates.
[0073] Referring back to FIG. 6, in step S3, the expansion-

signal-level setting section 113 sets an expansion signal level.
Specifically, the expansion-signal-level setting section 113
generates an expansion-signal level signal that increases
within a range not higher than a predetermined maximum
value (hereinafter referred to as an expansion-signal peak
level) in an expansion section in which the expansion-section
detection signal becomes an H level, and that becomes a
predetermined minimum value (hereinafter referred to as an
expansion-signal minimum level) in a section in which the
expansion-section detection signal becomes an L. level. For
example, the expansion-signal peak level is set to a maximum
allowable peak level, and the expansion-signal minimum
level is set to 0.

[0074] FIG. 7C illustrates an example of a waveform of an
expansion-signal level signal generated on the basis of the
corrected input signal in FIG. 7B and the expansion-section
detection signal in FIG. 9C. In the expansion-signal level
signal in FI1G. 7C, an absolute value of an increasing slope of
the signal level and an absolute value of a decreasing slope are
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equal, and, both of the slopes are individually set to be equal
in all expansion sections. Accordingly, the expansion-signal
level signal in FIG. 7C has a symmetrical mountain shape
with the expansion-signal peak level as an apex in each
expansion section. However, if the expansion section
becomes further long, a period of maintaining the expansion-
signal peak level becomes long, and the signal waveform
becomes an isosceles trapezoid. On the other hand, if the
expansion section is further shortened, a peak value does not
reach the expansion-signal peak level.

[0075] And the expansion-signal-level setting section 113
supplies the generated expansion-signal level signal to the
expansion gain calculator 114.

[0076] Instep S4, the expansion-gain calculator 114 calcu-
lates an expansion gain. Specifically, the expansion-gain cal-
culator 114 converts a value of the expansion-signal level
signal such that the expansion-signal peak level becomes a
predetermined maximum value (for example, 2.0) and the
expansion-signal minimum level becomes 1.0. Thereby, the
expansion-gain signal is generated.

[0077] FIG. 7D illustrates an example of a waveform of the
expansion-gain signal generated on the basis of the expan-
sion-signal level signal in FIG. 7C. In this manner, a value of
the expansion-gain signal (expansion gain) exceeds 1.0 in the
expansion section, and becomes 1.0 in a section other than the
expansion section.

[0078] And the expansion-gain calculator 114 supplies the
generated expansion-gain signal to the dynamic range
expander 115.

[0079] Instep S5, the dynamic range expander 115 expands
the dynamic range. Specifically, the dynamic range expander
115 amplifies the corrected input signal using the expansion
gain indicated by the expansion-gain signal so as to expand
the dynamic range.

[0080] Thereby, the dynamic range of the corrected input
signal is expanded in an expansion section having the expan-
sion gain exceeding 1.0. And as described above, the expan-
sion section includes a moment at which a strong attack
appears, and thus the strong attack appears in the original
audio signal, making it possible to expand the dynamic range
at the moment when the signal level becomes high. Accord-
ingly, for example, it is possible to amplify the original audio
signal in FIG. 1A and to perform limiter processing so that the
dynamic range lost in the input signal in FIG. 7A can be
properly recovered as shown in FIG. 7E. As a result, it is
possible to reproduce the original lively sound.

[0081] And the dynamic range expander 115 outputs the
audio signal (output signal) with the expanded dynamic range
to the subsequent stage.

[0082] Afterthat, the dynamic-range expansion processing
is terminated.

2. Second Embodiment

[0083] Incidentally, in the audio-signal processing appara-
tus 101, an audio signal is amplified unconditionally in an
expansion section having an center-transition degree not less
than a threshold value, and thus excessive expansion of a
dynamic range is sometimes performed on an input signal. A
description will be given of a specific example of this case
with reference to FIG. 10A and FIG. 10B.

[0084] In this regard, the horizontal axes of individual
graphs in FIG. 10A and FIG. 10B show time, the vertical axes
show signal levels, and dashed lines show maximum allow-
able peak levels. Also, FIG. 10A illustrates an example of a



US 2012/0155656 Al

waveform of an input signal that is input into the audio-signal
processing apparatus 101, and is the same signal as the audio
signal in FIG. 1A. FIG. 10B illustrates an example of a
waveform of an output signal obtained by the audio-signal
processing apparatus 101 as a result of expansion of the
dynamic range of the input signal in FIG. 10A. In this manner,
if the dynamic range of the input signal is wide, and the peak
value is close to a maximum allowable peak level, a peak
value of the output signal after expanding the dynamic range
might exceeds the maximum allowable peak level.

[0085] A second embodiment of the present disclosure
allows suppression of such excessive expansion of a dynamic
range.

Example of Configuration of Audio-Signal
Processing Apparatus

[0086] FIG. 11 is a block diagram illustrating an audio-
signal processing apparatus to which the second embodiment
of the present disclosure is applied. In this regard, in the
figure, a same reference numeral is given to a common part as
that in FIG. 4, and a description will be suitably omitted on a
part performing same processing in order to avoid repetition.
[0087] As compared with the audio-signal processing
apparatus 101 in FIG. 4, the audio-signal processing appara-
tus 201 in FIG. 11 is different in that it has a signal-level
detector 211 and a comparator 212 additionally, and is pro-
vided with an expansion-gain calculator 213 in place of the
expansion-gain calculator 114. Also, as compared with the
audio-signal processing apparatus 101, the audio-signal pro-
cessing apparatus 201 is common to the audio-signal process-
ing apparatus 101 in that it is provided with the AGC 111, the
expansion-section detection device 112, the expansion-sig-
nal-level setting section 113, and the dynamic range expander
115.

[0088] The signal-level detector 211 detects a level of the
corrected input signal supplied from the AGC 111, and sup-
plies an input signal level signal indicating a detection result
to the comparator 212 and the expansion-gain calculator 213.
[0089] The comparator 212 compares the input-signal level
signal with the expansion-signal level signal supplied from
the expansion-signal-level setting section 113, and supplies a
comparator-output signal indicating a comparison result to
the expansion-gain calculator 213.

[0090] The expansion-gain calculator 213 calculates an
expansion gain on the basis of the input-signal level signal
and the comparator-output signal. The expansion-gain calcu-
lator 213 supplies the expansion-gain signal indicating the
calculated expansion gain to the dynamic range expander
115.

Dynamic-Range Expansion Processing

[0091] Next, a description will be given of dynamic-range
expansion processing executed by the audio-signal process-
ing apparatus 201 with reference to a flowchart in FIG. 12 and
a signal waveform diagrams in FIG. 13A to FIG. 13G and
FIG. 14A to FIG. 14G. In this regard, this processing is
started, for example, when an input signal is input into the
audio-signal processing apparatus 201.

[0092] Inthisregard, individual graphs in FIG. 13A to FIG.
13G and FIG. 14A to FIG. 14G schematically illustrate wave-
forms of various signals to be processed by the dynamic-
range expansion processing. The horizontal axes show time,
and the vertical axes show signal levels. Also, dashed lines in
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FIG. 13A to FIG. 13E, FIG. 13G, FIG. 14A to FIG. 14E, and
FIG. 14G denote maximum allowable peak levels.

[0093] Also, in the following, a description will be given of
processing of the case where an input signal shown in FIG.
13A is input into the audio-signal processing apparatus 201
and processing of the case where an input signal in FIG. 14A
is input by properly comparing both of the processing. In this
regard, the input signal in FIG. 13 A is the same signal as the
audio signal in FIG. 1C, and is an audio signal whose dynamic
range has been lost by limiter processing, etc. On the other
hand, the input signal in FIG. 14A is the same signal as the
audio signal in FIG. 1A, and is an audio signal whose
dynamic range has not been lost.

[0094] In step S51, level correction on the input signal is
performed in the same processing as the processing in step S1
in FIG. 5.

[0095] FIG. 13B illustrates a waveform of the corrected
input signal produced by performing level correction on the
input signal in FIG. 13A, and is the same signal as the cor-
rected input signal in FIG. 7B.

[0096] On the other hand, FIG. 14B illustrates an example
of a waveform of the corrected input signal produced by
performing level correction on the input signal in FIG. 14A.
In this regard, in this example, in order to simplify the expla-
nation, an example is shown in which an average level of the
input signal in FIG. 14A is equal to a reference level, and the
input signal in FIG. 14 A and the corrected input signal in FIG.
14B are equal.

[0097] Instep S52,the signal-level detector 211 detects the
input signal level. For example, signal-level detector 211
detects an arithmetic mean of the corrected input signals of
the right and left channels as an input signal level. The input-
signal level detector 211 supplies an input-signal level signal
indicating the detected input signal level to the comparator
212 and the expansion-gain calculator 213.

[0098] FIG. 13C illustrates an example of a waveform of
the input-signal level signal for the corrected input signal in
FIG. 13B. The input-signal level signal has a waveform with
a narrow dynamic range in the same manner as the corrected
input signal in FIG. 13B.

[0099] On the other hand, FIG. 14C illustrates an example
of' a waveform of the input-signal level signal for the cor-
rected input signal in FIG. 14B. The input-signal level signal
has a waveform with a wide dynamic range in the same
manner as the corrected input signal in FIG. 14B.

[0100] Instep S53, in the same manner as the processing in
step S2 in FIG. 6, the expansion-section detection processing
is performed. And as a result, the obtained expansion-section
detection signal is supplied to the expansion-signal-level set-
ting section 113 through the expansion-section detection
device 112.

[0101] As described above, the localization distribution of
the audio signal is seldom changed by the limiter processing,
etc. Accordingly, substantially same sections are detected for
the corrected input signals in FIG. 13B and FIG. 14B as
expansion sections, and expansion-section detection signals
having substantially same waveforms are generated. In this
regard, in the following, it is assumed that same expansion-
section detection signals as the above-described signal in
FIG. 9C are generated for both of the corrected input signals
in FIG. 13B and FIG. 14B.

[0102] In step S54, the expansion signal level is set in the
same manner as the processing in step S3 in FIG. 6. The
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expansion-signal level signal obtained as a result is supplied
from the expansion-signal-level setting section 113 to the
comparator 212.

[0103] FIG. 13D illustrates an example of the expansion-
signal level signal for the corrected input signal in FIG. 13B.
FIG. 14D illustrates an example of the expansion-signal level
signal for the corrected input signal in FIG. 14B. In this
regard, the expansion-signal level signals in FIG. 13D and
FIG. 14D are the same as the expansion-signal level signal in
FIG. 7C.

[0104] Instep S55, the comparator 212 compares the input
signal level with the expansion signal level. Specifically, the
comparator 212 compares the input signal level indicated by
the input-signal level signal with the expansion signal level
indicated by the expansion-signal level signal, and selects and
outputs either higher one. Thereby, a comparator-output sig-
nal indicating a higher level between the input signal level and
the expansion signal level at each point in time is generated,
and is supplied from the comparator 212 to the expansion-
gain calculator 213.

[0105] FIG. 13E illustrates an example of a waveform of
the comparator-output signal obtained as a result of the com-
parison between the input-signal level signal in FIG. 13C and
the expansion-signal level signal in FIG. 13D. Inthis case, the
expansion signal level exceeds the input signal level in the
vicinity of a center of each expansion section substantially
matching a section in which the dynamic range of the input
signal in FIG. 13A is lost, and thus the expansion signal level
is selected. On the other hand, the expansion signal level does
not exceed the input signal level in the other sections, and thus
the input signal level is selected.

[0106] On the other hand, FIG. 14E illustrates an example
of' a waveform of a comparator-output signal obtained as a
result of a comparison between the input-signal level signal in
FIG. 14C and the expansion-signal level signal in FIG. 14D.
In this case, the expansion signal level does not exceed the
input-signal level signal in the expansion section too, and thus
the input signal level is selected. Also, in the other sections,
the expansion signal level does not exceed the input signal
level, and thus the input signal level is selected. Accordingly,
the comparator-output signal in FIG. 14E becomes the same
signal as the input-signal level signal in FIG. 14C.

[0107] In step S56, the expansion-gain calculator 213 cal-
culate an expansion gain. Specifically, the expansion-gain
calculator 213 calculates the comparator-output signal value/
the input-signal level signal value (input signal level) as the
expansion gain. And the expansion-gain calculator 213 gen-
erates an expansion-gain signal indicating the calculated
expansion gain, and supplies it to the dynamic range expander
115.

[0108] FIG.13F illustrates an example of a waveform of the
expansion-gain signal obtained from the input-signal level
signal in FIG. 13C and the comparator-output signal in FIG.
13E. In this case, the expansion gain becomes higher than 1.0
in a section in which the expansion-signal level signal in FIG.
13E exceeds the input-signal level signal in FIG. 13C, and
becomes 1.0 in other sections.

[0109] On the other hand, FIG. 14F illustrates an example
of'a waveform of the expansion-gain signal obtained from the
input-signal level signal in FIG. 14C and the comparator-
output signal in FIG. 14E. In this case, there is no section in
which the expansion-signal level signal in FIG. 14E exceeds
the input-signal level signal in FIG. 14C, and thus the expan-
sion gain becomes 1.0 all the time.
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[0110] In step S57, the corrected input signal is amplified,
and the dynamic range is expanded by the same processing as
that in step S5 in FIG. 6 on the basis of the expansion gain
indicated by the expansion-gain signal. And the audio signal
(output signal) whose dynamic range has been expanded is
output from the dynamic range expander 115 to the subse-
quent stage.

[0111] FIG. 13G illustrates an example of a waveform of
the audio signal (output signal) produced by amplifying the
corrected input signal in FIG. 13B on the basis of the expan-
sion-gain signal in FIG. 13F to expand the dynamic range. In
this case, the dynamic range of the corrected input signal is
expanded in a section where the expansion-gain signal value
exceeds 1.0. In this manner, for an input signal having a
narrow dynamic range, a signal in a section where the
dynamic range has been lost is amplified, and thus the
dynamic range held by the original audio signal can be prop-
erly recovered.

[0112] On the other hand, FIG. 14G illustrates an example
of'a waveform of the audio signal (output signal) produced by
amplifying the corrected input signal in FIG. 14B on the basis
of the expansion-gain signal in FIG. 14F to expand the
dynamic range. In this case, the expansion-gain signal value
is 1.0 all the time, and thus the corrected input signal in FIG.
14B is directly output. In this manner, for an audio signal
having a wide dynamic range, excessive expansion of a
dynamic range is suppressed, and thus it is possible to prevent
the occurrence of distortion of the audio signal, etc.

[0113] Afterthat, the dynamic-range expansion processing
is terminated.

2. Variation

[0114] Inthe following, a description will be given of varia-
tions of the embodiments of the present disclosure.

[0115] Variation 1

[0116] In the above description, expansion sections are
detected on the basis of the corrected input signal after having
been subjected to level correction. However, as described
above, a localization distribution of an audio signal is hardly
influenced by level correction, and thus expansion sections
may be detected on the basis of the input signal before having
been subjected to level correction.

[0117] Variation 2

[0118] Also, in the above description, expansion sections
are detected on the basis of a center-transition degree. How-
ever, expansion sections may be detected on the basis of a
center localization degree. For example, a section having a
center localization degree of a predetermined threshold value
or higher may be detected as an expansion section. Thereby,
it is possible to expand a dynamic range of a section in which
a localization distribution of an input signal is concentrated
on a center, for example, a section having a large sound
volume of vocal and rhythm instruments. Also, expansion
sections may be detected using both the center localization
degree and the center-transition degree.

[0119] Variation 3

[0120] Also, a peak value of the expansion-signal level
signal and the slope of the expansion-signal level signal at
increase time or decrease time may be varied on the basis of,
for example, a length of an expansion section, and a level of
the corrected input signal. Also, in FIG. 7C, an example is
shown in which the slopes ofthe expansion-signal level signal
at rising time and falling time are symmetrical (that is to say,
the absolute values of the slopes are equal and the signs of the
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slopes are different). However, the signals at rising time and
falling time are not necessary symmetrical. For example, the
signal may rise fast, and then may gradually attenuate.
[0121] Variation 4

[0122] Further, if the average levels are arranged to be equal
before input, and then the input signal is input, it is possible to
eliminate the AGC 111, and to omit the level correction pro-

cessing.
[0123] Variation 5
[0124] Also, when dynamic-range expansion processing is

performed on a multi-channel input signal, for example,
down mix ought to be performed on the audio signals of three
front-side channels, namely the right, the left, and center
channels. And expansion sections ought to be detected on the
basis of the generated audio signal. And on the basis of the
detected expansion sections, the dynamic-range expansion
ought to be performed only on the audio signals of the three
front-side channels.

[0125] In this regard, it is possible to apply the present
disclosure, for example, to an apparatus performing playback
or recording of an audio signal, or an apparatus performing
correction of an audio signal.

[0126] Also, in the present specification, the audio signal
includes a sound signal including only a human voice and a
cry of an animal, etc.

Example of Configuration of Computer

[0127] The above-described series of processing can be
executed by hardware or can be executed by software. When
the series of processing is executed by software, programs of
the software may be installed in a computer. Here, the com-
puter includes a computer that is built in a dedicated hard-
ware, and for example, a general-purpose personal computer,
etc., capable of executing various functions by installing vari-
ous programs.

[0128] FIG.151s ablock diagram illustrating an example of
a hardware configuration of a computer which executes the
above-described series of processing by programs.

[0129] In the computer, a CPU (Central Processing Unit)
301, a ROM (Read Only Memory) 302, a RAM (Random
Access Memory) 303 are mutually connected through a bus
304.

[0130] An input/output interface 305 is further connected
to the bus 304. An input section 306, an output section 307, a
storage section 308, acommunication section 309, and a drive
310 are connected to the input/output interface 305.

[0131] The input section 306 includes a keyboard, a mouse,
a microphone, etc. The output section 307 includes a display,
a speaker, etc. The storage section 308 includes a hard disk, a
nonvolatile memory, etc. The communication section 309
includes a network interface, etc. The drive 310 drives a
removable medium 311, such as a magnetic disk, an optical
disc, amagneto-optical disc, or a semiconductor memory, etc.
[0132] In the computer having the configuration as
described above, the CPU 301 loads the program stored, for
example in storage section 308 to the RAM 303 through the
input/output interface 305 and the bus 304 to execute the
program, thereby the above-described series of processing is
performed.

[0133] The program to be executed by the computer (CPU
301) can be provided by being recorded on a removable
medium 311 as a package medium, etc., for example. Also,
the program can be provided through a wired or a wireless
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transmission medium, such as a local area network, the Inter-
net, a digital satellite broadcasting, etc.

[0134] Inthe computer, the programs can be installed in the
storage section 308 through the input/output interface 305 by
attaching the removable medium 311 to the drive 310. Also,
the program can be received by the communication section
309 through a wired or wireless transmission medium and can
be installed in the storage section 308. In addition, the pro-
gram may be installed in the ROM 302 or the storage section
308 in advance.

[0135] In this regard, the programs to be executed by the
computer may be programs that are processed in time series in
accordance with the sequence described in this specification.
Alternatively, the programs may be the programs to be
executed in parallel or at necessary timing, such as at the time
of'being called, or the like.

[0136] Also, an embodiment of the present disclosure is not
limited to the above-described embodiments. It is possible to
make various changes without departing from the gist of the
present disclosure.

[0137] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2010-280164 filed in the Japan Patent Office on Dec.
16, 2010, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. An audio-signal processing apparatus comprising:

a center-localization-degree detection section detecting a
center-localization degree indicating a degree of con-
centration on a center of localization distribution of an
audio signal;

an expansion-section detection section detecting an expan-
sion section expanding a dynamic range of the audio
signal on the basis of the center-localization degree; and

an expansion section expanding the dynamic range of the
audio signal in the expansion section.

2. The audio-signal processing apparatus according to

claim 1,

wherein the expansion-section detection section detects a
section having a center-transition degree indicating a
degree of transition of the audio signal on the center of
localization distribution not less than a predetermined
threshold value as the expansion section.

3. The audio-signal processing apparatus according to

claim 2,

wherein the center-transition degree is a derivative of the
center-localization degree.

4. The audio-signal processing apparatus according to

claim 1,

wherein the expansion-section detection section detects a
section having the center-localization degree not less
than a predetermined threshold value as the expansion
section.

5. The audio-signal processing apparatus according to

claim 1, further comprising:

an input-signal-level detection section detecting an input
signal level indicating a level of the audio signal; and

an expansion-signal-level setting section setting an expan-
sion signal level indicating an expansion level of the
dynamic range of the audio signal and having a prede-
termined minimum value in a section different from the
expansion section and changing within a range not
higher than a predetermined maximum value in the
expansion section,
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wherein the expansion section expands the dynamic range
of the audio signal in a section having the expansion
signal level higher than the input signal level.

6. The audio-signal processing apparatus according to

claim 5, further comprising:

a comparison section comparing the input signal level and
the expansion signal level, and outputting either higher
one of the levels; and

an expansion-gain calculation section calculating an
expansion gain on the basis of the output value of the
comparison section and the input signal level,

wherein the expansion section amplifies the audio signal
on the basis of the expansion gain so as to expand the
dynamic range of the audio signal.

7. The audio-signal processing apparatus according to

claim 1, further comprising

a correction section correcting the level of the audio signal
so as to keep the signal at a constant level,

wherein the center-localization-degree detection section
detects a center-localization degree of the corrected
audio signal, and the expansion section expands the
dynamic range of the corrected audio signal.
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8. A method of processing an audio signal by an audio-
signal processing apparatus expanding a dynamic range of
the audio signal, the method comprising:

detecting a center-localization degree indicating a degree

of concentration on a center of localization distribution
of the audio signal;

detecting an expansion section expanding the dynamic

range of the audio signal on the basis of the center-
localization degree; and

expanding the dynamic range of the audio signal in the

expansion section.

9. A program for causing a computer to perform processing
comprising:

detecting a center-localization degree indicating a degree

of concentration on a center of localization distribution
of an audio signal;

detecting an expansion section expanding a dynamic range

of the audio signal on the basis of the center-localization
degree; and

expanding the dynamic range of the audio signal in the

expansion section.



