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(57) The present technology relates to an audio sig-
nal processing device and method, an impulse response
generation device and method, and a program that en-
able a desired phase characteristic to be obtained.

The audio signal processing device includes an ac-
quisition part that acquires an impulse response having

a flat or substantially flat amplitude characteristic and a
predetermined phase characteristic, and a phase char-
acteristic convolution part that convolves the impulse re-
sponse into an input audio signal. The present technol-
ogy can be applied to an audio signal processing device
and an impulse response generation device.
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Description

TECHNICAL FIELD

[0001] The present technology relates to an audio sig-
nal processing device and method, an impulse response
generation device and method, and a program, and par-
ticularly to an audio signal processing device and meth-
od, an impulse response generation device and method,
and a program that enable a desired phase characteristic
to be obtained.

BACKGROUND ART

[0002] For example, in a case of reproducing audio
such as music, there is known a technology of applying
an effect such as an effect to the music and the like to
be reproduced by performing filter processing on an au-
dio signal.
[0003] As such a technology, for example, a technol-
ogy of changing an amplitude characteristic of an audio
signal so as to bring about a bass enhancement effect
by combining a plurality of filters has been proposed (see,
for example, Patent Document 1).

CITATION LIST

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2002-171589

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] By the way, in recent years, the number of users
who reproduce and listen to music with headphones in-
stead of speakers is increasing, and audio reproduction
with headphones is becoming mainstream.
[0006] On the other hand, most commercial content is
basically mastered by speakers. Therefore, there is a
complaint that, when the content such as music mastered
while being reproduced on the speaker is reproduced on
the headphones, it is not possible to hear the bass with
a sense of volume as when reproduced on the speaker.
That is, when the content is reproduced with head-
phones, the way the low frequencies are heard is different
from that of the speaker reproduction, and it may not be
possible to realize the reproduction with the sound quality
that the creator originally wanted to convey.
[0007] Therefore, the applicant investigated and found
that the way the low frequencies were heard was greatly
affected by a phase characteristic. That is, it was found
that one of the causes is that a low-frequency phase char-
acteristic of the speaker and a low-frequency phase char-
acteristic of the headphones are significantly different.
[0008] However, with the above-mentioned technolo-

gy, although the amplitude characteristic of the audio sig-
nal can be adjusted, it is not possible to make the phase
characteristic of the audio signal a desired characteristic.
[0009] The present technology has been made in view
of such circumstances, and is intended to enable a de-
sired phase characteristic to be obtained.

SOLUTIONS TO PROBLEMS

[0010] An audio signal processing device of a first as-
pect of the present technology includes an acquisition
part that acquires an impulse response having a flat or
substantially flat amplitude characteristic and a predeter-
mined phase characteristic, and a phase characteristic
convolution part that convolves the impulse response into
an input audio signal.
[0011] An audio signal processing method or program
of the first aspect of the present technology includes
steps of acquiring an impulse response having a flat or
substantially flat amplitude characteristic and a predeter-
mined phase characteristic, and convolving the impulse
response into an input audio signal.
[0012] In the first aspect of the present technology, an
impulse response having a flat or substantially flat am-
plitude characteristic and a predetermined phase char-
acteristic is acquired, and the impulse response is con-
volved into an input audio signal.
[0013] An impulse response generation device of a
second aspect of the present technology generates a
target characteristic impulse response having a flat or
substantially flat amplitude characteristic and a predeter-
mined phase characteristic.
[0014] An impulse response generation method or pro-
gram of the second aspect of the present technology in-
cludes a step of generating a target characteristic im-
pulse response having a flat or substantially flat ampli-
tude characteristic and a predetermined phase charac-
teristic.
[0015] In the second aspect of the present technology,
a target characteristic impulse response having a flat or
substantially flat amplitude characteristic and a predeter-
mined phase characteristic is generated.

EFFECTS OF THE INVENTION

[0016] According to a first aspect and a second aspect
of the present technology, a desired phase characteristic
can be obtained.
[0017] Note that the effects described herein are not
necessarily limited, and any of the effects described in
the present disclosure may be applied.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is a diagram for explaining a relationship be-
tween a frequency characteristic and an impulse re-
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sponse.
Fig. 2 is a diagram for explaining reconstruction of
the impulse response.
Fig. 3 is a diagram showing a frequency character-
istic of a reconstructed impulse response.
Fig. 4 is a diagram for explaining reconstruction of
the impulse response.
Fig. 5 is a diagram showing a frequency character-
istic of a reconstructed impulse response.
Fig. 6 is a diagram for explaining reconstruction of
the impulse response.
Fig. 7 is a diagram showing a frequency character-
istic of a reconstructed impulse response.
Fig. 8 is a diagram showing a configuration example
of an impulse response generation device.
Fig. 9 is a flowchart for explaining impulse response
generation processing.
Fig. 10 is a diagram showing a configuration example
of an impulse response generation device.
Fig. 11 is a flowchart for explaining impulse response
generation processing.
Fig. 12 is a diagram for explaining content mastering.
Fig. 13 is a diagram showing a configuration example
of a reproduction device.
Fig. 14 is a flowchart for explaining reproduction
processing.
Fig. 15 is a diagram showing a configuration example
of a reproduction device.
Fig. 16 is a flowchart for explaining reproduction
processing.
Fig. 17 is a diagram showing a configuration example
of a reproduction device.
Fig. 18 is a flowchart for explaining reproduction
processing.
Fig. 19 is a diagram showing a configuration example
of a reproduction device.
Fig. 20 is a diagram showing a configuration example
of a computer.

MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, embodiments to which the present
technology is applied will be described with reference to
the drawings.

<First embodiment>

<Regarding the present technology>

[0020] The present technology enables only a phase
characteristic to be adjusted without changing an ampli-
tude characteristic (gain characteristic) of an audio sig-
nal.
[0021] That is, the present technology enables only a
phase characteristic to be adjusted while maintaining an
amplitude characteristic of an audio signal by generating
an impulse response having a flat or substantially flat
amplitude characteristic and a desired phase character-

istic, so that a desired phase characteristic can be ob-
tained.
[0022] In the present technology, by performing fast
Fourier transform (FFT) and inverse fast Fourier trans-
form (IFFT) on an impulse response having a target
phase characteristic, an impulse response having a flat
or substantially flat amplitude characteristic and a desired
phase characteristic can be obtained. Here, the ampli-
tude characteristic being flat or substantially flat means
that, for example, a value of amplitude (gain) at each
frequency of the amplitude characteristic is 1 or substan-
tially 1.
[0023] Specifically, in the present technology, a target
impulse response is generated by a method A1 or method
A2 below.
[0024] That is, in the method A1, first, 0 data (zero data)
of an appropriate length is inserted before an impulse
response for which a phase is to be simulated, and fast
Fourier transform (FFT) is performed.
[0025] An amplitude characteristic and a phase char-
acteristic can be obtained by such an FFT, the amplitude
(gain) value at each frequency of the amplitude charac-
teristic is set to 1 so that the amplitude characteristic be-
comes flat, and inverse fast Fourier transform (IFFT) is
performed on the basis of the flat amplitude characteristic
and the phase characteristic obtained by the FFT. Then,
the subsequent stage of the impulse response obtained
by the IFFT is fade-processed with an appropriate time
constant to obtain a desired impulse response.
[0026] The impulse response obtained as described
above functions as an infinite impulse response (IIR) filter
that changes only the phase characteristic while main-
taining the amplitude characteristic. Therefore, only the
phase characteristic can be adjusted by convolving such
an impulse response into the audio signal.
[0027] Furthermore, in the method A2, the FFT is per-
formed without inserting 0 data for the impulse response
for which the phase is to be simulated, and 0 data is
inserted for the simple impulse and the FFT is performed.
[0028] Then, the phase characteristic obtained by the
FFT for the impulse response and the phase character-
istic obtained by the FFT for the simple impulse for which
0 data is inserted are added, and the IFFT is performed
on the basis of the phase characteristic obtained as a
result and a flat amplitude characteristic of which the val-
ue of the amplitude at each frequency is 1. Moreover,
the subsequent stage of the impulse response obtained
by the IFFT is fade-processed with an appropriate time
constant to obtain a desired impulse response.
[0029] In the method A2, an impulse response that has
a similar characteristic to that in the method A1 can be
obtained. In other words, it is possible to obtain an IIR
filter that changes only the phase characteristic while
maintaining the amplitude characteristic.
[0030] In addition, in the method A2, if the phase char-
acteristic obtained by the FFT for the impulse response
and the phase characteristic obtained by the FFT for the
simple impulse for which 0 data is inserted are subtracted
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instead of added, an impulse response having an inverse
phase characteristic from that of the original impulse re-
sponse can be obtained.
[0031] By using the impulse responses obtained by the
above method A1 and method A2, it is possible to repro-
duce sounds with the same sound quality even with dif-
ferent reproduction devices.
[0032] As a specific example, suppose that, for exam-
ple, there is content that has been mastered while repro-
ducing sound by a speaker, and that content is repro-
duced by headphones.
[0033] In such a case, by convolving the impulse re-
sponse having the inverse characteristic of the phase
characteristic of the headphones into the audio signal of
the content and convolving the impulse response having
the same phase characteristic as that of the speaker, the
phase characteristic of the headphones is canceled and
the phase characteristic of the speaker can be simulated.
That is, even in a case where content is reproduced by
headphones, the sound having the same sound quality
as that in mastering can be reproduced.
[0034] Then, the present technology will be described
in more detail below.
[0035] For example, consider a case where there is
content that has been mastered while reproducing sound
by a speaker, and that content is reproduced by head-
phones.
[0036] In this case, it is assumed that, if only the low-
frequency phase characteristic of the speaker used for
mastering can be added to the sound source of the con-
tent, that is, the audio signal of the content when repro-
ducing by headphones, almost the same sound as the
sound that has been created by the creator in the mas-
tering studio can be experienced.
[0037] In general, it is difficult to identify the speaker
used in the mastering studio from any content. Further-
more, in the future, it may be possible to identify the
speaker used in the mastering studio from metadata of
the content or the like, but it is difficult at present.
[0038] Therefore, since the characteristic of the IIR
type high pass filter (HPF) with a cutoff frequency Fc =
50 Hz is close to the characteristic of the speaker, such
a characteristic of the HPF is considered as a pseudo
speaker characteristic.
[0039] For example, the relationship between the fre-
quency characteristic of the IIR type HPF having a cutoff
frequency Fc of 50 Hz, that is, the amplitude character-
istic (gain characteristic) and the phase characteristic,
and the impulse response of the HPF is as shown in Fig.
1.
[0040] In Fig. 1, the portion shown by an arrow Q11
shows the amplitude characteristic of the frequency char-
acteristic of the HPF, and the portion shown by an arrow
Q12 shows the phase characteristic of the frequency
characteristic of the HPF.
[0041] In particular, in the amplitude characteristic, the
vertical axis indicates the gain (amplitude), and the hor-
izontal axis indicates the frequency. In the phase char-

acteristic, the vertical axis indicates the phase, and the
horizontal axis indicates the frequency. From this fre-
quency characteristic, it can be seen that the gain is small
and the phase is a positive value on the low frequency
side of the HPF.
[0042] On the other hand, the impulse response of the
HPF is shown in the portion shown by an arrow Q13. The
vertical axis of the impulse response indicates the am-
plitude, and the horizontal axis indicates the time, that is,
the time sample (sample). Note that, here, the impulse
response of the HPF is enlarged around the 0th sample.
[0043] Such an impulse response can be used as an
IIR type filter, and by convolving the impulse response
shown by the arrow Q13 into an audio signal, the audio
signal can be subjected to filter processing of the HPF.
[0044] Moreover, the frequency characteristic of the
HPF, that is, the amplitude characteristic and the phase
characteristic, and the impulse response of the HPF have
a lossless relationship, although there is a conversion
error.
[0045] Specifically, when the IFFT is performed on the
frequency characteristic including the amplitude charac-
teristic shown by the arrow Q11 and the phase charac-
teristic shown by the arrow Q12, the impulse response
shown by the arrow Q13 is ideally obtained. On the other
hand, when the FFT is performed on the impulse re-
sponse shown by the arrow Q13, the frequency charac-
teristic including the amplitude characteristic shown by
the arrow Q11 and the phase characteristic shown by
the arrow Q12 is ideally obtained.
[0046] By convolving the impulse response of such an
HPF into the audio signal of the above-mentioned content
mastered while reproducing the sound with the speaker,
a similar phase characteristic to that of the speaker can
be added to the sound of content, but the low frequency
gain (amplitude) is reduced.
[0047] Therefore, it is assumed that the FFT is actually
performed on the impulse response shown by the arrow
Q13, for the resulting frequency characteristic, the am-
plitude (gain) of all frequencies of the amplitude charac-
teristic is set to 1 to obtain a flat amplitude characteristic,
and then the IFFT is performed to reconstruct the impulse
response.
[0048] At this time, the impulse response to be ob-
tained by the reconstruction is an impulse response in
which only the phase characteristic shown in Fig. 1 is
added to the audio signal without changing the amplitude
characteristic, that is, an impulse response in which only
a desired phase characteristic is added without changing
the amplitude characteristic.
[0049] Then, by convolving the impulse response ob-
tained by the reconstruction into the audio signal of the
above-mentioned content mastered while reproducing
the sound with the speaker, the target phase character-
istic of the speaker can be added to the sound of content
without changing the amplitude characteristic. Therefore,
the listener (user) can experience almost the same sound
as the sound created by the creator in the mastering stu-
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dio.
[0050] Note that, hereinafter, an impulse response that
functions as a filter that adds a desired phase character-
istic without changing the amplitude characteristic will be
also referred to as a target phase characteristic impulse
response in particular.
[0051] In a case where the target phase characteristic
impulse response is to be obtained by reconstructing the
impulse response, it is conceivable to perform the recon-
struction as shown in Fig. 2, for example.
[0052] In Fig. 2, the portion shown by an arrow Q21
shows the impulse response shown by the arrow Q13 in
Fig. 1.
[0053] This impulse response converges in approxi-
mately 1024 samples. However, here, considering the
tone after conversion, as shown by an arrow Q22, 0-filling
processing is performed on the rear side of the impulse
response in the time direction, that is, the future side, and
4096 processing is performed.
[0054] That is, 0-filling processing of adding 0 data,
which is a sample having a sample value of 0, to the rear
side (end) of the impulse response in the time direction
is performed so that the total length (number of samples)
of the impulse response is 4096 samples.
[0055] When the FFT is performed on the impulse re-
sponse that has been subjected to the 0-filling processing
as described above as shown by an arrow Q23, an am-
plitude characteristic and a phase characteristic similar
to those shown in Fig. 1 can be obtained.
[0056] Here, the target phase characteristic impulse
response has a flat or substantially flat amplitude char-
acteristic, and the phase characteristic is the phase char-
acteristic shown by the arrow Q12.
[0057] Therefore, the value of the amplitude (gain) of
each frequency in the amplitude characteristic obtained
by the FFT is adjusted to "1". In other words, the ampli-
tude of the amplitude characteristic obtained by the FFT
is adjusted so that the amplitude characteristic becomes
flat.
[0058] Furthermore, since the phase characteristic ob-
tained by the FFT should be the target phase character-
istic shown by the arrow Q12, no particular phase adjust-
ment is performed on the phase characteristic obtained
by the FFT.
[0059] Next, as shown by an arrow Q24, the IFFT is
performed on the frequency characteristic including the
flat amplitude characteristic obtained by the amplitude
adjustment and the phase characteristic obtained by the
FFT.
[0060] Moreover, since the impulse response obtained
by the IFFT does not converge to 0, fade processing is
performed to cause the impulse response obtained by
the IFFT to fade out the rear side (end side) of the impulse
response in the time direction to converge to 0.
[0061] The impulse response is reconstructed by such
fade processing, and as a result, the target phase char-
acteristic impulse response shown by an arrow Q25 is
obtained. Here, an impulse response having a length of

4096 samples is obtained as the target phase character-
istic impulse response.
[0062] The target phase characteristic impulse re-
sponse shown by the arrow Q25 should ideally have a
flat or substantially flat amplitude characteristic and the
same phase characteristic as that of the original HPF.
[0063] However, since conversion distortion occurs in
conversion such as the FFT or IFFT in actual, the fre-
quency characteristic of the target phase characteristic
impulse response shown by the arrow Q25 is as shown
in Fig. 3.
[0064] In Fig. 3, the portion shown by an arrow Q31
shows the amplitude characteristic, and the portion
shown by an arrow Q32 shows the phase characteristic.
Note that, in the amplitude characteristic, the vertical axis
indicates the gain (amplitude), and the horizontal axis
indicates the frequency. In the phase characteristic, the
vertical axis indicates the phase, and the horizontal axis
indicates the frequency.
[0065] In the portion shown by the arrow Q31, a curve
L11 shows the amplitude characteristic of the target
phase characteristic impulse response shown by the ar-
row Q25 in Fig. 2, and a curve L12 shows the amplitude
characteristic of the original HPF shown by the arrow
Q21 in Fig. 2. From the curve L11, it can be seen that,
in the amplitude characteristic of the target phase char-
acteristic impulse response, the gain of the low frequency
portion, that is, the portion shown by an arrow W11 is
reduced, although not as much as the original HPF, and
the amplitude characteristic is not flat.
[0066] Furthermore, in the portion shown by the arrow
Q32, a curve L13 shows the phase characteristic of the
target phase characteristic impulse response shown by
the arrow Q25 in Fig. 2, and a curve L14 shows the phase
characteristic of the original HPF shown by the arrow
Q21 in Fig. 2, that is, the target phase characteristic.
[0067] In this example, the curve L13 is substantially
the same as the curve L14, and it can be seen that the
target characteristic is obtained with respect to the phase
characteristic in the target phase characteristic impulse
response.
[0068] By the way, in general, in a case of being op-
posite from the target phase characteristic impulse re-
sponse, that is, a case where the phase characteristic is
flat (a straight line) and the amplitude (gain) changes, it
is known that the impulse response basically has a sym-
metrical shape.
[0069] Therefore, the applicant though that, by per-
forming 0-filling processing so that the impulse response
is substantially symmetrical around the portion where the
pulse rises, so that the front and rear of the portion where
the pulse rises have the same length, it would be possible
to obtain an impulse response having a flat amplitude
characteristic.
[0070] Here, it is assumed that the impulse response
of the original HPF is subjected to 0-filling processing at
least on the front side (past side) in the time direction so
that the impulse response has a substantially symmetri-
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cal shape, and then the FFT and the IFFT are performed
to generate a target phase characteristic impulse re-
sponse.
[0071] In such a case, for example, as shown in Fig.
4, the impulse response is reconstructed and the target
phase characteristic impulse response is generated.
[0072] In Fig. 4, the portion shown by an arrow Q41
shows the impulse response of the HPF shown by the
arrow Q13 in Fig. 1, and this impulse response converges
in approximately 1024 samples.
[0073] In this example, the impulse response of the
HPF shown by the arrow Q41 is subjected to 0-filling
processing as shown by an arrow Q42.
[0074] That is, 0 data is added not only to the rear side
(end side) in the time direction of the impulse response
but also to the front side (head side) according to the
length of the impulse response.
[0075] In particular, here, 0 data is added to the front
side of the impulse response in the time direction by the
amount of 8192 samples, and 0 data is also added to the
rear side of the impulse response in the time direction so
that the impulse length itself becomes 8192 samples.
Due to such 0-filling processing, the impulse response
shown by the arrow Q42 has a substantially symmetrical
shape, and the total length is 16384 samples.
[0076] Next, as shown by an arrow Q43, when the FFT
is performed on the impulse response that has been sub-
jected to 0-filling processing, an amplitude characteristic
and a phase characteristic are obtained as similar to the
case of the arrow Q23 in Fig. 2.
[0077] In this example as well, the target phase char-
acteristic impulse response has a flat amplitude charac-
teristic, so the amplitude (gain) value of each frequency
in the amplitude characteristic obtained by the FFT is
adjusted to "1" so that a flat amplitude characteristic is
obtained.
[0078] Furthermore, since the phase characteristic ob-
tained by the FFT should be the target phase character-
istic, no particular phase adjustment is performed on the
phase characteristic obtained by the FFT.
[0079] Subsequently, as shown by an arrow Q44, the
IFFT is performed on the frequency characteristic includ-
ing the flat amplitude characteristic obtained by the am-
plitude adjustment and the phase characteristic obtained
by the FFT, and the impulse response obtained as a re-
sult is subjected to the fade processing in a similar man-
ner to in the case of the arrow Q24 in Fig. 2.
[0080] Then, the impulse response obtained by the
fade processing is used as the target phase characteristic
impulse response. Here, the target phase characteristic
impulse response shown by an arrow Q45 is obtained,
and the target phase characteristic impulse response has
a shape close to symmetry. Furthermore, the length of
the target phase characteristic impulse response is
16384 samples.
[0081] The frequency characteristic of the target phase
characteristic impulse response shown by the arrow Q45
thus obtained is as shown in Fig. 5.

[0082] In Fig. 5, the portion shown by an arrow Q51
shows the amplitude characteristic, and the portion
shown by an arrow Q52 shows the phase characteristic.
Note that, in the amplitude characteristic, the vertical axis
indicates the gain (amplitude), and the horizontal axis
indicates the frequency. In the phase characteristic, the
vertical axis indicates the phase, and the horizontal axis
indicates the frequency.
[0083] In the portion shown by the arrow Q51, a curve
L31 shows the amplitude characteristic of the target
phase characteristic impulse response shown by the ar-
row Q45 in Fig. 4, and a curve L32 shows the amplitude
characteristic of the original HPF shown by the arrow
Q41 in Fig. 4.
[0084] The amplitude characteristic of the target phase
characteristic impulse response shown in the curve L31
is within 60.2 dB of the amplitude (gain) value at each
frequency, and it can be seen that a substantially flat
characteristic is obtained. That is, it can be seen that the
target amplitude characteristic is obtained.
[0085] Furthermore, in the portion shown by the arrow
Q52, a curve L33 shows the phase characteristic of the
target phase characteristic impulse response shown by
the arrow Q45 in Fig. 4, and a curve L34 shows the phase
characteristic of the original HPF shown by the arrow
Q41 in Fig. 4, that is, the target phase characteristic.
Moreover, a curve L35 shows the phase characteristic
of a simple impulse with only 8192 samples delayed, that
is, the linear phase.
[0086] Here, the curve L33 and the curve L34 almost
overlap each other, and it can be seen that a character-
istic that is substantially equivalent to the target charac-
teristic as the phase characteristic of the target phase
characteristic impulse response is obtained.
[0087] Furthermore, the curve L35 is shown for com-
parison. Since the curve L35 shows the phase charac-
teristic of a simple impulse that is a linear phase, if the
difference between the curve L33 and the curve L35 at
each frequency is the phase value at each frequency of
the phase characteristic shown by the arrow Q12 in Fig.
1, the target characteristic is obtained as the phase char-
acteristic of the target phase characteristic impulse re-
sponse. Note that the phase characteristic of the original
HPF shown by the arrow Q41 in Fig. 4 is the same as
the phase characteristic shown by the arrow Q12 in Fig. 1
[0088] In this example, when the curve L33 and the
curve L35 are compared, the difference in their phases
becomes smaller as the frequency increases. Therefore,
it can also be seen from the curves L33 and L35 that
substantially the same characteristic as the phase char-
acteristic shown by the arrow Q12 in Fig. 1 is obtained
as the phase characteristic of the target phase charac-
teristic impulse response.
[0089] From the above, it can be seen that, by perform-
ing 0-filling processing on the impulse response having
the target phase characteristic at least on the front side
in the time direction, and performing the FFT, the IFFT,
and the fade processing on the impulse response that
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has been subjected to the 0-filling processing, a target
phase characteristic impulse response having a flat or
substantially flat amplitude characteristic and a target
phase characteristic can be obtained.
[0090] The method of generating the target phase
characteristic impulse response described with refer-
ence to Fig. 4 as described above is the above-mentioned
method A1.
[0091] Note that, in generating the target phase char-
acteristic impulse response, the longer the length of the
impulse response that has been subjected to the 0-filling
processing, that is, the larger the number of samples, the
closer the frequency characteristic of the target phase
characteristic impulse response becomes to the target
characteristic. That is, a better characteristic can be ob-
tained. In particular, when the length of the impulse re-
sponse that has been subjected to the 0-filling processing
is infinite samples, the error between the frequency char-
acteristic of the target phase characteristic impulse re-
sponse and the target characteristic becomes infinitely
close to zero.
[0092] Furthermore, in a case of generating the target
phase characteristic impulse response, it may be desired
to reduce the processing amount even if an error from
the target characteristic is allowed to some extent. For
example, if the length of the target phase characteristic
impulse response is shortened, the processing amount
is reduced both at the time of generation and at the time
of convolution after generation.
[0093] In such a case, for example, as shown in Fig.
6, the number of pieces of 0 data added to the impulse
response in the 0-filling processing may be reduced so
that the processing amount is reduced and the target
phase characteristic impulse response having a suffi-
cient characteristic can be obtained.
[0094] In Fig. 6, the portion shown by an arrow Q61
shows the impulse response of the HPF shown by the
arrow Q13 in Fig. 1, and this impulse response converges
in approximately 1024 samples.
[0095] In this example, the impulse response of the
HPF shown by the arrow Q61 is subjected to 0-filling
processing as shown by an arrow Q62.
[0096] Here, 0 data is added to the front side of the
impulse response in the time direction by the amount of
384 samples, and 0 data is also added to the rear side
of the impulse response in the time direction so that the
total length of the impulse response becomes 4096 sam-
ples.
[0097] In this 0-filling processing, the number of pieces
of 0 data added to the front side in the time direction in
the impulse response is small, so that the impulse re-
sponse after the 0-filling processing shown by the arrow
Q62 does not have a symmetrical shape.
[0098] Next, as shown by an arrow Q63, when the FFT
is performed on the impulse response that has been sub-
jected to 0-filling processing, an amplitude characteristic
and a phase characteristic are obtained as similar to the
case of the arrow Q23 in Fig. 2.

[0099] Also in this example, as similar to the case of
Fig. 4, the value of the amplitude (gain) of each frequency
in the amplitude characteristic obtained by the FFT is
adjusted to "1" to obtain a flat amplitude characteristic,
and no particular phase adjustment is performed on the
phase characteristic obtained by the FFT.
[0100] Subsequently, as shown by an arrow Q64, the
IFFT is performed on the frequency characteristic includ-
ing the flat amplitude characteristic obtained by the am-
plitude adjustment and the phase characteristic obtained
by the FFT, and the impulse response obtained as a re-
sult is subjected to the fade processing in a similar man-
ner to in the case of the arrow Q24 in Fig. 2.
[0101] Then, the impulse response obtained by the
fade processing is used as the target phase characteristic
impulse response. Here, the target phase characteristic
impulse response shown by an arrow Q65 is obtained,
and the length of the target phase characteristic impulse
response is 4096 samples.
[0102] Note that, in this example, since the number of
pieces of 0 data added to the front side in the time direc-
tion in the impulse response is small, the target phase
characteristic impulse response shown by the arrow Q65
does not have a symmetrical shape.
[0103] The frequency characteristic of the target phase
characteristic impulse response shown by the arrow Q65
thus obtained is as shown in Fig. 7.
[0104] In Fig. 7, the portion shown by an arrow Q71
shows the amplitude characteristic, and the portion
shown by an arrow Q72 shows the phase characteristic.
Note that, in the amplitude characteristic, the vertical axis
indicates the gain (amplitude), and the horizontal axis
indicates the frequency. In the phase characteristic, the
vertical axis indicates the phase, and the horizontal axis
indicates the frequency.
[0105] In the portion shown by the arrow Q71, a curve
L51 shows the amplitude characteristic of the target
phase characteristic impulse response shown by the ar-
row Q65 in Fig. 6, and a curve L52 shows the amplitude
characteristic of the original HPF shown by the arrow
Q61 in Fig. 6.
[0106] The amplitude characteristic of the target phase
characteristic impulse response shown in the curve L51
is within 61 dB of the amplitude (gain) value at each
frequency, and it can be seen that a substantially flat
characteristic is obtained. That is, it can be seen that a
sufficient amplitude characteristic is obtained.
[0107] In particular, the amplitude characteristic shown
in the curve L51 here has a larger error from the target
characteristic than the amplitude characteristic shown in
the curve L31 in Fig. 5, but it can be seen that the error
is within a sufficiently small range.
[0108] Furthermore, in the portion shown by the arrow
Q72, a curve L53 shows the phase characteristic of the
target phase characteristic impulse response shown by
the arrow Q65 in Fig. 6, and a curve L54 shows the phase
characteristic of the original HPF shown by the arrow
Q61 in Fig. 6, that is, the target phase characteristic.
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Moreover, a curve L55 shows the phase characteristic
of the delayed simple impulse as similar to the curve L35
of Fig. 5.
[0109] Here, although having a larger error than that
in the case of Fig. 5, the curve L53 and the curve L54
almost overlap each other, and it can be seen that a char-
acteristic that is substantially equivalent to the target
characteristic as the phase characteristic of the target
phase characteristic impulse response is obtained.
[0110] Furthermore, when the curve L53 and the curve
L55 are compared, the difference in their phases be-
comes smaller as the frequency increases, and it can be
seen that, as similar to the case of Fig. 5, substantially
the same characteristic as the phase characteristic
shown by the arrow Q12 in Fig. 1 is obtained as the phase
characteristic of the target phase characteristic impulse
response.
[0111] As described above, even if the number of piec-
es of 0 data to be added to the front side of the impulse
response having the target phase characteristic in the
time direction is reduced to some extent, it is possible to
obtain a target phase characteristic impulse response
having a flat or substantially flat amplitude characteristic
and a target phase characteristic.
[0112] Note that, since the number of pieces of 0 data
to be added to the front side of the impulse response in
the time direction has a trade-off relationship with the
tolerance with the target characteristic and the process-
ing amount, the number of pieces of 0 data to be added
is only required to be adjusted as necessary.
[0113] Furthermore, instead of performing 0-filling
processing on the impulse response having the target
phase characteristic, the 0-filling processing may be per-
formed on a simple impulse as shown in the curve L35
in Fig. 5 to generate the target phase characteristic im-
pulse response, for example. Such a method of gener-
ating the target phase characteristic impulse response
is the above-mentioned method A2.
[0114] In the method A2, 0-filling processing of adding
0 data to the front side of the simple impulse in the time
direction is performed, and the FFT is performed on the
simple impulse that has been subjected to the 0-filling
processing.
[0115] Note that, hereinafter, the phase characteristic
of the frequency characteristic obtained by the FFT with
respect to the simple impulse after 0-filling processing
will be also referred to as the phase characteristic of the
simple impulse in particular.
[0116] Furthermore, in the method A2, the 0-filling
processing is not performed on the impulse response
having the target phase characteristic, and the FFT is
performed on the impulse response as it is. Hereinafter,
the phase characteristic of the frequency characteristic
obtained by the FFT on the impulse response having the
target phase characteristic will be also referred to as the
target phase characteristic in particular.
[0117] When the phase characteristic of the simple im-
pulse and the target phase characteristic are obtained

by the FFT as described above, the phase characteristic
of the simple impulse and the target phase characteristic
are added, and the frequency characteristic including the
phase characteristic obtained by the addition and the flat
amplitude characteristic is subjected to the IFFT.
[0118] Then, the fade processing is performed on the
impulse response obtained by the IFFT, and the impulse
response obtained as a result is used as the target phase
characteristic impulse response.
[0119] The target phase characteristic impulse re-
sponse thus obtained is an impulse response having a
flat or substantially flat amplitude characteristic and a tar-
get phase characteristic.
[0120] Note that, in the method A2, instead of adding
the phase characteristic of the simple impulse and the
target phase characteristic, by subtracting the target
phase characteristic from the phase characteristic of the
simple impulse, an impulse response having an inverse
characteristic of the target phase characteristic can be
obtained as a target phase characteristic impulse re-
sponse.
[0121] Specifically, for example, the phase character-
istic obtained by performing the FFT on the impulse re-
sponse of a predetermined HPF without performing the
0-filling processing is subtracted from the phase charac-
teristic of the simple impulse, and the IFFT is performed
on the frequency characteristic including the phase char-
acteristic obtained as a result and the flat amplitude char-
acteristic. Then, the fade processing is performed on the
impulse response obtained by the IFFT, and the impulse
response obtained as a result is used as the target phase
characteristic impulse response.
[0122] In this case, the phase characteristic of the ob-
tained target phase characteristic impulse response is
the inverse characteristic of the phase characteristic of
the original HPF.
[0123] As described above, in the method A1, the 0-
filling processing is performed on the impulse response
having the target phase characteristic, and then the FFT,
the IFFT, and the fade processing are performed to gen-
erate the target phase characteristic impulse response.
On the other hand, in the method A2, the simple impulse
is subjected to 0-filling processing, and then the FFT, the
IFFT, and the fade processing are performed to generate
the target phase characteristic impulse response.
[0124] The impulse response used in the method A1
and the simple impulse used in the method A2 are both
impulse information, that is, information associated with
the impulse. Therefore, if the method A1 and the method
A2 are generalized, it can be said that the 0-filling
processing is performed on the impulse information, and
the resulting phase characteristic is subjected to the FFT,
the IFFT, and the fade processing to generate the target
phase characteristic impulse response.
[0125] By using the target phase characteristic impulse
response obtained as described above, it is possible to
add a desired phase characteristic to the audio signal
without changing the amplitude characteristic.
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[0126] As a specific example, for example, consider a
case where there is content that has been mastered while
reproducing sound by a speaker for mastering, and that
content is reproduced by headphones or a speaker on a
reproduction side.
[0127] In this case, by convolving the target phase
characteristic impulse response having the inverse char-
acteristic of the phase characteristic of the headphones
or speaker on the reproduction side into the audio signal
of the content, the phase characteristic of the head-
phones or speaker on the reproduction side can be can-
celed for the audio signal of the content. Here, the audio
signal in which the phase characteristic of the head-
phones or speaker on the reproduction side is canceled
is referred to as a corrected audio signal.
[0128] Note that the target phase characteristic im-
pulse response having the inverse characteristic of the
phase characteristic of the headphones or speaker on
the reproduction side may be generated by the above-
mentioned method A2 or method A1. For example, in a
case where such a target phase characteristic impulse
response is generated by the method A1, it is sufficient
that, the impulse response having the inverse character-
istic of the phase characteristic of the headphones or
speaker on the reproduction side is subjected to the 0-
filling processing, and then, the FFT, the IFFT, and the
fade processing is performed.
[0129] Moreover, by convolving the target phase char-
acteristic impulse response having the same character-
istic as the phase characteristic of the mastering speaker
into the corrected audio signal, the phase characteristic
of the mastering speaker can be added to the corrected
audio signal, that is, the sound of content.
[0130] Therefore, if the sound of content is reproduced
on the basis of the corrected audio signal to which the
phase characteristic of the mastering speaker is added
as described above, the listener (user) can experience
the sound that is almost the same as the sound created
by the creator in the mastering studio.
[0131] In addition, for example, in a case where the
listener reproduces the sound of content with head-
phones on the reproduction side, if the head transmission
characteristic, that is, the head related transfer function
(HRTF) is used, it is possible to present sound that is
closer to the sound created by the creator in the master-
ing studio.
[0132] Here, the HRTF is a function indicating the
sound transmission characteristic from the sound source
to the listener’s ear, and more specifically, to the vicinity
of the listener’s eardrum or the entrance of the ear canal.
[0133] In this example, by further convolving the HRTF
into the corrected audio signal to which the phase char-
acteristic of the mastering speaker is added, the listener
can experience sound closer to the sound heard when
the creator is creating in the mastering studio.

<Configuration example of impulse response generation 
device>

[0134] Subsequently, a specific configuration and op-
eration of an impulse response generation device that
generates the target phase characteristic impulse re-
sponse described above will be described.
[0135] Fig. 8 is a diagram showing a configuration ex-
ample of an impulse response generation device that
generates a target phase characteristic impulse re-
sponse, that is, an impulse response having a flat or sub-
stantially flat amplitude characteristic and a desired
phase characteristic by the above-mentioned method
A1.
[0136] An impulse response generation device 11
shown in Fig. 8 has a 0-filling processing part 21, an FFT
processing part 22, an IFFT processing part 23, and a
fade processing part 24.
[0137] The 0-filling processing part 21 is supplied with
an impulse response having the target phase character-
istic used for generating the target phase characteristic
impulse response. Hereinafter, an impulse response
having such a target phase characteristic will be referred
to as an input impulse response.
[0138] The 0-filling processing part 21 performs 0-fill-
ing processing on the supplied input impulse response
and supplies the result to the FFT processing part 22.
[0139] The FFT processing part 22 performs the FFT
on the input impulse response after the 0-filling process-
ing supplied from the 0-filling processing part 21, and
supplies the phase characteristic of the frequency char-
acteristic obtained as a result to the IFFT processing part
23.
[0140] A flat amplitude characteristic (gain character-
istic) in which the gain (amplitude) of each frequency is
"1" is supplied to the IFFT processing part 23 from the
outside.
[0141] The IFFT processing part 23 performs the IFFT
on the frequency characteristic including the flat ampli-
tude characteristic supplied from the outside and the
phase characteristic supplied from the FFT processing
part 22, and supplies the impulse response obtained as
a result to the fade processing part 24. In other words,
the IFFT is performed on the basis of the flat amplitude
characteristic and the phase characteristic supplied from
the FFT processing part 22, and an impulse response is
generated.
[0142] Note that the IFFT processing part 23 may not
use the flat amplitude characteristic supplied from the
outside, and the flat amplitude characteristic may be gen-
erated by adjusting the gain with respect to the amplitude
characteristic of the frequency characteristic obtained by
the FFT in the FFT processing part 22 so that the ampli-
tude characteristic is used for the IFFT.
[0143] The fade processing part 24 performs fade
processing on the impulse response supplied from the
IFFT processing part 23, and outputs the impulse re-
sponse obtained as a result as a target phase character-
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istic impulse response.

<Explanation of impulse response generation process-
ing>

[0144] Next, the operation of the impulse response
generation device 11 will be described.
[0145] That is, the impulse response generation
processing performed by the impulse response genera-
tion device 11 will be described below with reference to
the flowchart of Fig. 9.
[0146] In step S11, the 0-filling processing part 21 per-
forms 0-filling processing on the supplied input impulse
response and supplies the result to the FFT processing
part 22.
[0147] For example, in step S11, as described with ref-
erence to Figs. 4 and 6, 0-filling processing is performed
in which 0 data is added to the rear side and the front
side in the time direction in the input impulse response.
In the 0-filling processing, 0 data is added at least to the
front side in the time direction in the input impulse re-
sponse.
[0148] In step S12, the FFT processing part 22 per-
forms the FFT on the input impulse response after the 0-
filling processing supplied from the 0-filling processing
part 21, and supplies the phase characteristic of the fre-
quency characteristic obtained as a result to the IFFT
processing part 23.
[0149] In step S13, the IFFT processing part 23 per-
forms the IFFT on the frequency characteristic including
the flat amplitude characteristic supplied from the outside
and the phase characteristic supplied from the FFT
processing part 22, and supplies the impulse response
obtained as a result to the fade processing part 24.
[0150] In step S14, the fade processing part 24 per-
forms fade processing on the impulse response supplied
from the IFFT processing part 23, and outputs the im-
pulse response obtained as a result as a target phase
characteristic impulse response.
[0151] For example, in the fade processing, the target
phase characteristic impulse response is generated by
fading out the rear side (end side) of the impulse re-
sponse supplied from the IFFT processing part 23 in the
time direction and converging it to 0. Note that if the im-
pulse response obtained by the IFFT converges to 0, no
special fade processing is required.
[0152] Furthermore, if, for example, an impulse re-
sponse having the inverse characteristic of the phase
characteristic of the headphones is used as the input
impulse response, the phase characteristic of the head-
phones can be canceled as the target phase character-
istic impulse response, that is, an impulse response hav-
ing the inverse characteristic of the phase characteristic
of the headphones can be obtained.
[0153] When the target phase characteristic impulse
response is generated as described above, the impulse
response generation processing ends.
[0154] As described above, the impulse response gen-

eration device 11 performs 0-filling processing of adding
0 data to the front side in the time direction at least in the
input impulse response, and the FFT, the IFFT, and the
fade processing is performed on the input impulse re-
sponse that has been subjected to the 0-filling process-
ing, so that the target phase characteristic impulse re-
sponse is generated.
[0155] As a result, it is possible to obtain the target
phase characteristic impulse response that functions as
a filter capable of adding the target phase characteristic
without changing the amplitude characteristic. Therefore,
it possible to obtain a desired phase characteristic by
using the target phase characteristic impulse response
without changing the amplitude characteristic.

<Second embodiment>

<Configuration example of impulse response generation 
device>

[0156] Furthermore, in a case where the target phase
characteristic impulse response is generated by the
above-mentioned method A2, the impulse response gen-
eration device is configured as shown in Fig. 10, for ex-
ample. Note that, in Fig. 10, the same reference numerals
are given to the parts corresponding to the case in Fig.
8, and the description thereof will be omitted as appro-
priate.
[0157] An impulse response generation device 51
shown in Fig. 10 has an FFT processing part 61, a 0-
filling processing part 62, an FFT processing part 63, an
operation processing part 64, an IFFT processing part
23, and a fade processing part 24. The impulse response
generation device 51 includes the FFT processing part
61 to the operation processing part 64 in place of the 0-
filling processing part 21 and the FFT processing part 22
in the impulse response generation device 11.
[0158] The FFT processing part 61 is supplied with an
impulse response having the target phase characteristic
used for generating the target phase characteristic im-
pulse response, that is the input impulse response.
[0159] The FFT processing part 61 performs the FFT
on the supplied input impulse response, and supplies the
phase characteristic of the frequency characteristic ob-
tained as a result to the operation processing part 64.
Note that if the target phase characteristic itself can be
obtained and the target phase characteristic can be sup-
plied to the operation processing part 64, the FFT
processing part 61 does not need to be provided.
[0160] The 0-filling processing part 62 is supplied with
a simple impulse used for generating the target phase
characteristic impulse response. The 0-filling processing
part 62 performs 0-filling processing on the supplied sim-
ple impulse and supplies the result to the FFT processing
part 63.
[0161] The FFT processing part 63 performs the FFT
on the simple impulse that has been subjected to the 0-
filling processing and supplied from the 0-filling process-
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ing part 62, and supplies the phase characteristic of the
frequency characteristic obtained as a result to the op-
eration processing part 64.
[0162] The operation processing part 64 performs op-
eration processing based on the phase characteristic
supplied from the FFT processing part 61 and the phase
characteristic supplied from the FFT processing part 63,
and supplies the phase characteristic obtained as a result
to the IFFT processing part 23. Here, addition processing
or subtraction processing is performed as operation
processing.

<Explanation of impulse response generation process-
ing>

[0163] Next, the operation of the impulse response
generation device 51 will be described.
[0164] That is, the impulse response generation
processing performed by the impulse response genera-
tion device 51 will be described below with reference to
the flowchart of Fig. 11.
[0165] In step S41, the FFT processing part 61 per-
forms the FFT on the supplied input impulse response,
and supplies the phase characteristic of the frequency
characteristic obtained as a result to the operation
processing part 64.
[0166] In step S42, the 0-filling processing part 62 per-
forms 0-filling processing on the supplied simple impulse
and supplies the result to the FFT processing part 63. In
the 0-filling processing, 0 data is added to the front side
of the simple impulse in the time direction, and the simple
impulse is appropriately delayed.
[0167] In step S43, the FFT processing part 63 per-
forms the FFT on the simple impulse that has been sub-
jected to the 0-filling processing and supplied from the
0-filling processing part 62, and supplies the phase char-
acteristic of the frequency characteristic obtained as a
result to the operation processing part 64.
[0168] In step S44, the operation processing part 64
performs operation processing based on the phase char-
acteristic supplied from the FFT processing part 61 and
the phase characteristic supplied from the FFT process-
ing part 63, and supplies the phase characteristic ob-
tained as a result to the IFFT processing part 23.
[0169] For example, in a case of obtaining the same
characteristic as the phase characteristic of the input im-
pulse response as the phase characteristic of the target
phase characteristic impulse response, the operation
processing part 64 adds the phase characteristic of the
input impulse response supplied from the FFT process-
ing part 61 and the phase characteristic of the simple
impulse that has been subjected to the 0-filling process-
ing and supplied from the FFT processing part 63, and
supplies the phase characteristic obtained as a result to
the IFFT processing part 23.
[0170] On the other hand, in a case of obtaining the
inverse characteristic of the phase characteristic of the
input impulse response as the phase characteristic of the

target phase characteristic impulse response, the oper-
ation processing part 64 subtracts the phase character-
istic of the input impulse response supplied from the FFT
processing part 61 from the phase characteristic of the
simple impulse that has been subjected to the 0-filling
processing and supplied from the FFT processing part
63, and supplies the phase characteristic obtained as a
result to the IFFT processing part 23.
[0171] When addition or subtraction is performed as
operation processing for the phase characteristic as de-
scribed above, the processing of step S45 and step S46
is performed thereafter to end the impulse response gen-
eration processing, and these pieces of processing are
similar to those in step S13 and step S14 of Fig. 9, and
therefore, the description thereof will be omitted.
[0172] As described above, the impulse response gen-
eration device 51 performs 0-filling processing of adding
0 data to the front side of the simple impulse in the time
direction, and generates the target phase characteristic
impulse response on the basis of the simple impulse re-
sponse that has been subjected to the 0-filling processing
and the input impulse response.
[0173] As a result, it is possible to obtain the target
phase characteristic impulse response that functions as
a filter capable of adding the target phase characteristic
without changing the amplitude characteristic. Therefore,
it possible to obtain a desired phase characteristic by
using the target phase characteristic impulse response
without changing the amplitude characteristic.

<Third embodiment>

<Configuration example of reproduction device>

[0174] Here, a reproduction device that reproduces
content by using the target phase characteristic impulse
response generated by the impulse response generation
device 11 and the impulse response generation device
51 described above will be described.
[0175] Hereinafter, for the sake of specific explanation,
it is assumed that the content to be reproduced is mas-
tered in a predetermined studio as shown in Fig. 12.
[0176] In the example shown in Fig. 12, there is a cre-
ator M11 who performs mastering in the studio, and the
creator M11 performs the amplitude adjustment and the
like of each band of the content while reproducing the
sound of content with the speaker 91 arranged in the
studio, as a mastering task.
[0177] Furthermore, the audio signal of the content ob-
tained by mastering is reproduced by a reproduction sys-
tem including a reproduction device and the like of the
listener. Note that, anything such as headphones, speak-
ers, and earphones may be used for reproducing the
sound of content, but the description will be continued
below assuming that headphones are used as a specific
example.
[0178] The reproduction device used for reproducing
the content is configured as shown in Fig. 13, for exam-
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ple.
[0179] In the example shown in Fig. 13, a reproduction
device 121 includes at least a portable player, a smart-
phone, a personal computer, or the like capable of con-
trolling reproduction of audio content, and headphones
122 are connected to the reproduction device 121.
[0180] The reproduction device 121 has an acquisition
part 131, a speaker phase characteristic convolution part
132, and a reproduction control part 133.
[0181] In the reproduction device 121, the audio signal
of the content obtained by mastering by the creator M11
is supplied to the speaker phase characteristic convolu-
tion part 132.
[0182] The acquisition part 131 acquires and holds the
target phase characteristic impulse response from an ex-
ternal device such as the impulse response generation
device 11 or the impulse response generation device 51
at an arbitrary timing. Furthermore, the acquisition part
131 supplies the held target phase characteristic impulse
response to the speaker phase characteristic convolution
part 132.
[0183] The target phase characteristic impulse re-
sponse acquired by the acquisition part 131 is generated
by the impulse response generation device 11 or the im-
pulse response generation device 51 using the input im-
pulse response having the phase characteristic of the
speaker 91 used for mastering. That is, the target phase
characteristic impulse response is an impulse response
having the same phase characteristic as the phase char-
acteristic of the speaker 91.
[0184] Note that the target phase characteristic im-
pulse response may not be acquired by the acquisition
part 131 at an arbitrary timing, and may be held in ad-
vance by the acquisition part 131.
[0185] Furthermore, hereinafter, a target phase char-
acteristic impulse response having the same phase char-
acteristic as the phase characteristic of the speaker 91
will be also referred to as a speaker characteristic impulse
response in particular.
[0186] The speaker phase characteristic convolution
part 132 convolves the speaker characteristic impulse
response supplied from the acquisition part 131 into the
supplied audio signal, and supplies the audio signal ob-
tained as a result to the reproduction control part 133.
[0187] The reproduction control part 133 supplies the
audio signal supplied from the speaker phase character-
istic convolution part 132 to the headphones 122, and
reproduces the sound of content. In other words, the re-
production control part 133 controls the reproduction of
the sound of content on the headphones 122.
[0188] The headphones 122 reproduce the sound of
content on the basis of the audio signal supplied from
the reproduction control part 133.
[0189] Note that although the reproduction device 121
is not provided with the headphones 122 here, the head-
phones 122 may be provided in the reproduction device
121, or the acquisition part 131 to the reproduction control
part 133 may be provided inside the headphones 122.

<Explanation of reproduction processing>

[0190] Subsequently, the operation of the reproduction
device 121 will be described. That is, the reproduction
processing by the reproduction device 121 will be de-
scribed below with reference to the flowchart of Fig. 14.
Note that at the timing when this reproduction processing
is started, the speaker characteristic impulse response
has already been acquired by the acquisition part 131.
[0191] In step S71, the speaker phase characteristic
convolution part 132 convolves the speaker characteris-
tic impulse response supplied from the acquisition part
131 into the supplied audio signal, and supplies the audio
signal obtained as a result to the reproduction control
part 133.
[0192] Therefore, the phase characteristic of the
speaker characteristic impulse response, that is, the
phase characteristic of the speaker 91 can be added to
the sound of content based on the audio signal.
[0193] In step S72, the reproduction control part 133
supplies the audio signal supplied from the speaker
phase characteristic convolution part 132 to the head-
phones 122, and reproduces the sound of content, and
the reproduction processing ends.
[0194] Since the sound of content reproduced by the
headphones 122 has the same characteristic as the
phase characteristic of the speaker 91, the listener lis-
tening to the sound of content hear the sound with almost
the same sound quality as the sound of content that the
creator M11 was listening to in the studio. Moreover,
since, with the speaker characteristic impulse response,
only the desired phase characteristic can be added to
the sound of content without changing the amplitude
characteristic, the gain of the sound of content does not
change.
[0195] As described above, the reproduction device
121 reproduces the sound of content after convolving the
speaker characteristic impulse response into the audio
signal of the content. As a result, even in a case where
the sound of content is reproduced by the headphones
122, the phase characteristic of the speaker 91 used for
mastering can be added to the sound of content. That is,
a desired phase characteristic can be obtained.

<Fourth embodiment>

<Configuration example of reproduction device>

[0196] Note that, in the above description, in the repro-
duction device 121, the same characteristic as the phase
characteristic of the speaker 91 is added to the sound of
content. However, when the sound of content is repro-
duced by the headphones 122, the phase characteristic
of the headphones 122 is also added to the sound.
[0197] Therefore, not only adding the same character-
istic as the phase characteristic of the speaker 91 to the
sound of content, the phase characteristic of the head-
phones 122 may be canceled (removed) to allow the lis-
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tener to hear the sound closer to the sound of content
that the creator M11 was listening to in the studio.
[0198] In such a case, the reproduction device is con-
figured as shown in Fig. 15, for example. Note that, in
Fig. 15, the same reference numerals are given to the
parts corresponding to the case in Fig. 13, and the de-
scription thereof will be omitted as appropriate.
[0199] Headphones 122 are connected to a reproduc-
tion device 161 shown in Fig. 15. Furthermore, the re-
production device 161 has an acquisition part 131, a
headphone inverse characteristic convolution part 171,
a speaker phase characteristic convolution part 132, and
a reproduction control part 133.
[0200] In particular, the reproduction device 161 is con-
figured such that the headphone inverse characteristic
convolution part 171 is provided in the preceding stage
of the speaker phase characteristic convolution part 132
in the reproduction device 121.
[0201] In the reproduction device 161, not only the
above-mentioned speaker characteristic impulse re-
sponse but also the target phase characteristic impulse
response having the inverse characteristic of the phase
characteristic of the headphones 122 is acquired by the
acquisition part 131 from an external device such as the
impulse response generation device 11 and the impulse
response generation device 51 and is held. Hereinafter,
the target phase characteristic impulse response having
the inverse characteristic of the phase characteristic of
the headphones 122 will also be referred to as a head-
phone inverse characteristic impulse response.
[0202] This headphone inverse characteristic impulse
response is a target phase characteristic impulse re-
sponse generated by the impulse response generation
device 51 by, for example, using an input impulse re-
sponse having the phase characteristic of the head-
phones 122, and performing subtraction as the operation
processing in the operation processing part 64.
[0203] Note that the headphone inverse characteristic
impulse response may not be acquired by the acquisition
part 131, but may be held in advance by the acquisition
part 131.
[0204] The acquisition part 131 supplies the held head-
phone inverse characteristic impulse response to the
headphone inverse characteristic convolution part 171.
[0205] The headphone inverse characteristic convolu-
tion part 171 convolves the headphone inverse charac-
teristic impulse response supplied from the acquisition
part 131 into the audio signal of the supplied content, and
supplies the audio signal obtained as a result to the
speaker phase characteristic convolution part 132.

<Explanation of reproduction processing>

[0206] Next, the operation of the reproduction device
161 will be described. That is, the reproduction process-
ing by the reproduction device 161 will be described be-
low with reference to the flowchart of Fig. 16. Note that
at the timing when this reproduction processing is started,

the speaker characteristic impulse response and the
headphone inverse characteristic impulse response
have already been acquired by the acquisition part 131.
[0207] In step S101, the headphone inverse charac-
teristic convolution part 171 convolves the headphone
inverse characteristic impulse response supplied from
the acquisition part 131 into the supplied audio signal of
content, and supplies the audio signal obtained as a re-
sult to the speaker phase characteristic convolution part
132.
[0208] Therefore, it is possible to add the inverse char-
acteristic of the phase characteristic of the headphones
122 to the sound of content. In other words, the phase
characteristic of the headphones 122, which is added
when the sound of content is reproduced with the head-
phones 122, is canceled. Moreover, in the convolution
of the headphone inverse characteristic impulse re-
sponse, only the phase characteristic can be adjusted
without changing the amplitude (gain) of the sound of
content.
[0209] When the headphone inverse characteristic im-
pulse response is convolved into the audio signal, the
processing of step S102 and step S103 is performed
thereafter to end the reproduction processing, and these
pieces of processing are similar to those in step S71 and
step S72 of Fig. 14, and therefore, the description thereof
will be omitted.
[0210] In the reproduction of the sound of content by
the reproduction device 161, the phase characteristic of
the headphones 122 is first canceled with respect to the
sound of content, and then the phase characteristic of
the speaker 91, which is a characteristic to be added, is
added.
[0211] Note that a target phase characteristic impulse
response to which the inverse characteristic of the phase
characteristic of the headphones 122 can be added and
simultaneously, the phase characteristic of the speaker
91 can be added may be generated, and the target phase
characteristic impulse response may be convolved into
the audio signal of the content.
[0212] However, as in the reproduction device 161, by
separately convolving the speaker characteristic impulse
response and the headphone inverse characteristic im-
pulse response, the phase characteristic added to the
sound of content can be freely changed. That is, for ex-
ample, in the reproduction device 161, it is possible to
select an arbitrary speaker 91 from a plurality of speakers
91 of different manufacturers or the like, and convolve
the speaker characteristic impulse response having the
phase characteristic of the selected speaker 91.
[0213] As described above, the reproduction device
161 convolves the headphone inverse characteristic im-
pulse response into the audio signal of content, further
convolves the speaker characteristic impulse response
into the audio signal, and then reproduces the sound of
content.
[0214] As a result, even in a case where the sound of
the content is reproduced by the headphones 122, the
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phase characteristic added by the headphones 122 can
be canceled and the phase characteristic of the speaker
91 used for mastering can be added to the sound of the
content. That is, a desired phase characteristic can be
obtained. In particular, in the reproduction processing de-
scribed with reference to Fig. 16, it is possible to hear
sound closer to the sound of content that the creator M11
was listening to in the studio than in the case of repro-
duction processing described with reference to Fig. 14.

<Fifth embodiment>

<Configuration example of reproduction device>

[0215] Note that, in a case of reproducing the sound
of content with the headphones 122, by convolving the
HRTF indicating the sound transmission characteristic
from the sound source, for example, the speaker 91 to
the creator M11, it is possible to hear sound closer to the
sound of content that the creator M11 was listening to in
the studio. That is, it is possible to reproduce the listening
environment of the studio at the time of mastering.
[0216] In a case of convolving the HRTF into the audio
signal of the content, the reproduction device is config-
ured, for example, as shown in Fig. 17. Note that, in Fig.
17, the same reference numerals are given to the parts
corresponding to the case in Fig. 15, and the description
thereof will be omitted as appropriate.
[0217] Headphones 122 are connected to a reproduc-
tion device 201 shown in Fig. 17. Furthermore, the re-
production device 201 has an acquisition part 131, a
headphone inverse characteristic convolution part 171,
a speaker phase characteristic convolution part 132, an
HRTF convolution part 211, and a reproduction control
part 133.
[0218] In particular, the reproduction device 201 is con-
figured such that the HRTF convolution part 211 is pro-
vided in the subsequent stage of the speaker phase char-
acteristic convolution part 132 in the reproduction device
161.
[0219] In the reproduction device 201, not only the
speaker characteristic impulse response and the head-
phone inverse characteristic impulse response de-
scribed above, but also the HRTF is acquired from an
external device by the acquisition part 131 and is held.
Note that the HRTF may not be acquired by the acquisi-
tion part 131, but may be held in advance by the acqui-
sition part 131.
[0220] The acquisition part 131 supplies the held HRTF
to the HRTF convolution part 211.
[0221] The HRTF convolution part 211 convolves the
HRTF supplied from the acquisition part 131 into the au-
dio signal supplied from the speaker phase characteristic
convolution part 132, and supplies the audio signal ob-
tained as a result to the reproduction control part 133.
[0222] Note that the reproduction device 121 shown in
Fig. 13 may be provided with the HRTF convolution part
211.

<Explanation of reproduction processing>

[0223] Next, the operation of the reproduction device
201 will be described. That is, the reproduction process-
ing by the reproduction device 201 will be described be-
low with reference to the flowchart of Fig. 18. Note that
at the timing when this reproduction processing is started,
the speaker characteristic impulse response, the head-
phone inverse characteristic impulse response and the
HRTF have already been acquired by the acquisition part
131.
[0224] When the reproduction processing is started,
the processing of step S131 and step S132 is performed,
and these pieces of processing are similar to those in
step S101 and step S102 of Fig. 16, and therefore, the
description thereof will be omitted.
[0225] In step S133, the HRTF convolution part 211
convolves the HRTF supplied from the acquisition part
131 into the audio signal supplied from the speaker phase
characteristic convolution part 132, and supplies the au-
dio signal obtained as a result to the reproduction control
part 133.
[0226] In step S134, the reproduction control part 133
supplies the audio signal supplied from the HRTF con-
volution part 211 to the headphones 122, and reproduces
the sound of the content, and the reproduction process-
ing ends. Therefore, when reproducing the sound of con-
tent, the phase characteristic of the headphones 122 is
canceled, and the phase characteristic of the speaker 91
and the sound transmission characteristic in the studio
are added.
[0227] As described above, the reproduction device
201 convolves the headphone inverse characteristic im-
pulse response, the speaker characteristic impulse re-
sponse, and the HRTF into the audio signal, and then
reproduces the sound of content.
[0228] As a result, even in a case where the sound of
content is reproduced by the headphones 122, it is pos-
sible to add the desired phase characteristic and the
transmission characteristic in a desired listening environ-
ment such as a studio, and allow the listener to hear
almost the same sound as the sound of content that the
creator M11 was listening to in the studio.

<Modification>

<Configuration example of reproduction device>

[0229] Note that a generation part that generates a tar-
get phase characteristic impulse response may be pro-
vided inside the reproduction device 121, the reproduc-
tion device 161, and the reproduction device 201.
[0230] For example, in a case where such a generation
part is provided inside the reproduction device 161, the
reproduction device 161 is configured as shown in Fig.
19. Note that, in Fig. 19, the same reference numerals
are given to the parts corresponding to the case in Fig.
15, and the description thereof will be omitted as appro-
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priate.
[0231] The reproduction device 161 shown in Fig. 19
has a generation part 241, an acquisition part 131, a
headphone inverse characteristic convolution part 171,
a speaker phase characteristic convolution part 132, and
a reproduction control part 133.
[0232] The configuration of the reproduction device
161 shown in Fig. 19 is such that the reproduction device
161 shown in Fig. 15 is further provided with the gener-
ation part 241.
[0233] The generation part 241 corresponds to the im-
pulse response generation device 11 and the impulse
response generation device 51. That is, the generation
part 241 performs similar processing to the impulse re-
sponse generation processing described with reference
to Figs. 9 and 11 to generate the headphone inverse
characteristic impulse response and the speaker char-
acteristic impulse response, and supplies the result to
the acquisition part 131.
[0234] According to the present technology described
in each of the above embodiments and modification, it is
possible to obtain a desired phase characteristic by ad-
justing only the phase characteristic without changing
the amplitude characteristic.
[0235] For example, the phase characteristic of any
speaker used for mastering in music creation, especially
the low-frequency phase characteristic can be added to
the sound source while the amplitude characteristic re-
mains flat. Therefore, even when the sound is repro-
duced using headphones, the equivalent effect to that
obtained in a mastering studio can be obtained as a low-
frequency sound quality effect.
[0236] Moreover, even in a case where the target
speaker is unknown, if the impulse response of any gen-
eral IIR filter that imitates the phase characteristic of the
speaker is used as the above-mentioned input impulse
response, it is possible to use the obtained speaker char-
acteristic impulse response to add a low-frequency
phase characteristic equivalent to that of a speaker with-
out changing the amplitude characteristic.
[0237] Furthermore, if the phase characteristic of the
headphones, particularly the inverse characteristic of the
low-frequency phase characteristic is added by the head-
phone inverse characteristic impulse response, it is pos-
sible to cancel the phase characteristic of the head-
phones, particularly the low-frequency phase character-
istic. Then, after canceling the phase characteristic of the
headphones, if the phase characteristic of the speaker,
particularly the low frequency characteristic, is further
added by the speaker characteristic impulse response,
an effect closer to the low frequency sound quality effect
in the mastering studio can be obtained.
[0238] Note that, in a case where the speaker used in
the mastering studio can be specified by metadata or the
like in the future, an impulse response having the phase
characteristic of the speaker may be used as the input
impulse response. Furthermore, in a case where the
speaker used in the mastering studio cannot be specified,

an impulse response such as an IIR type HPF that imi-
tates the phase characteristic of the speaker may be used
as the input impulse response.
[0239] Moreover, when the sound of content is repro-
duced with headphones, in addition to canceling the
phase characteristic of the headphones and adding the
phase characteristic of the speaker, by convolving the
HRTF into the audio signal of the content, the low-fre-
quency phase characteristic of the listening environment
in the mastering studio can be simulated with head-
phones.

<Computer configuration example>

[0240] By the way, the series of processing described
above can be also performed by hardware or can be per-
formed by software. In a case where a series of process-
ing is performed by software, a program constituting the
software is installed in a computer. Here, the computer
includes a computer incorporated in dedicated hardware
and a general-purpose personal computer capable of ex-
ecuting various functions by installing various programs,
for example, and the like.
[0241] Fig. 20 is a block diagram showing a configu-
ration example of a hardware of a computer that executes
the above-described series of processing by a program.
[0242] In a computer, a central processing unit (CPU)
501, a read only memory (ROM) 502, and a random ac-
cess memory (RAM) 503 are mutually connected by a
bus 504.
[0243] An input and output interface 505 is further con-
nected to the bus 504. An input part 506, an output part
507, a recording part 508, a communication part 509,
and a drive 510 are connected to the input and output
interface 505.
[0244] The input part 506 includes a keyboard, a
mouse, a microphone, an imaging element, and the like.
The output part 507 includes a display, a speaker, and
the like. The recording part 508 includes a hard disk, a
nonvolatile memory, and the like. The communication
part 509 includes a network interface and the like. The
drive 510 drives a removable recording medium 511 such
as a magnetic disk, an optical disk, a magneto-optical
disk, or a semiconductor memory.
[0245] In the computer configured as described above,
for example, the CPU 501 loads the program recorded
in the recording part 508 into the RAM 503 via the input
and output interface 505 and the bus 504, and executes
the program, so that the above-described series of
processing is performed.
[0246] The program executed by the computer (CPU
501) can be provided by being recorded on the removable
recording medium 511 as a package medium or the like,
for example. Furthermore, the program can be provided
via a wired or wireless transmission medium such as a
local area network, the Internet, or digital satellite broad-
casting.
[0247] In the computer, a program can be installed in
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the recording part 508 via the input and output interface
505 by mounting the removable recording medium 511
to the drive 510. Furthermore, the program can be re-
ceived by the communication part 509 via a wired or wire-
less transmission medium and installed in the recording
part 508. In addition, the program can be installed in the
ROM 502 or the recording part 508 in advance.
[0248] Note that the program executed by the compu-
ter may be a program of processing in chronological order
according to the order described in the present specifi-
cation or may be a program of processing in parallel or
at necessary timing such as when a call is made.
[0249] Furthermore, the embodiments of the present
technology are not limited to the above-described em-
bodiments, and various modifications are possible with-
out departing from the gist of the present technology.
[0250] For example, in the present technology, it is
possible to adopt a configuration of cloud computing in
which one function is shared by a plurality of devices via
a network, and is collaboratively processed.
[0251] Furthermore, each step described in the above-
described flowchart can be executed by one device or
shared by a plurality of devices.
[0252] Moreover, in a case where a plurality of proc-
esses is included in one step, a plurality of processes
included in the one step can be executed by one device
or shared and executed by a plurality of devices.
[0253] Moreover, the present technology may have the
configurations below.
[0254]

(1) An audio signal processing device including:

an acquisition part that acquires an impulse re-
sponse having a flat or substantially flat ampli-
tude characteristic and a predetermined phase
characteristic; and
a phase characteristic convolution part that con-
volves the impulse response into an input audio
signal.

(2) The audio signal processing device according to
(1) ,
in which the predetermined phase characteristic is
a phase characteristic of a predetermined speaker.
(3) The audio signal processing device according to
(1) or (2), further including
a reproduction control part that controls reproduction
by headphones of sound based on an audio signal
obtained by convolution of the impulse response.
(4) The audio signal processing device according to
(3), further including
an inverse characteristic convolution part that con-
volves an impulse response having an inverse char-
acteristic of a phase characteristic of the head-
phones into the input audio signal.
(5) The audio signal processing device according to
any one of (1) to (4), further including

an HRTF convolution part that convolves an HRTF
into an audio signal obtained by convolution by the
phase characteristic convolution part.
(6) The audio signal processing device according to
any one of (1) to (5), further including
an impulse response generation part that generates
the impulse response.
(7) An audio signal processing method executed by
an audio signal processing device, including:

acquiring an impulse response having a flat or
substantially flat amplitude characteristic and a
predetermined phase characteristic; and
convolving the impulse response into an input
audio signal.

(8) A program that causes a computer to perform
processing including steps of:

acquiring an impulse response having a flat or
substantially flat amplitude characteristic and a
predetermined phase characteristic; and
convolving the impulse response into an input
audio signal.

(9) An impulse response generation device that gen-
erates a target characteristic impulse response hav-
ing a flat or substantially flat amplitude characteristic
and a predetermined phase characteristic.
(10) The impulse response generation device ac-
cording to (9), further including:

a 0-filling processing part that performs 0-filling
processing of adding 0 data to predetermined
impulse information;
an impulse information FFT processing part that
performs FFT on the impulse information to
which the 0 data has been added; and
an IFFT processing part that performs IFFT on
the basis of a phase characteristic obtained by
the FFT and a flat amplitude characteristic to
generate the target characteristic impulse re-
sponse.

(11) The impulse response generation device ac-
cording to (10) ,
in which the 0-filling processing part adds the 0 data
to at least a front side of the impulse information in
a time direction.
(12) The impulse response generation device ac-
cording to (10) or (11), further including
a fade processing part that performs fade processing
on an impulse response obtained by the IFFT to ob-
tain the target characteristic impulse response.
(13) The impulse response generation device ac-
cording to any one of (10) to (12),
in which the impulse information is an impulse re-
sponse having the predetermined phase character-
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istic.
(14) The impulse response generation device ac-
cording to any one of (10) to (12),
in which the impulse information is a simple impulse,
the impulse response generation device further in-
cludes
an impulse response FFT processing part that per-
forms FFT on an impulse response having the pre-
determined phase characteristic, and
an operation processing part that performs operation
based on a phase characteristic obtained by the FFT
by the impulse information FFT processing part and
the phase characteristic obtained by the FFT by the
impulse response FFT processing part, and
the IFFT processing part performs the IFFT on the
basis of a phase characteristic obtained by the op-
eration and the flat amplitude characteristic.
(15) The impulse response generation device ac-
cording to (14),
in which, as the operation, the operation processing
part adds the phase characteristic obtained by the
FFT by the impulse information FFT processing part
and the phase characteristic obtained by the FFT by
the impulse response FFT processing part.
(16) The impulse response generation device ac-
cording to (14),
in which, as the operation, the operation processing
part subtracts the phase characteristic obtained by
the FFT by the impulse response FFT processing
part from the phase characteristic obtained by the
FFT by the impulse information FFT processing part.
(17) An impulse response generation method includ-
ing,
by an impulse response generation device,
generating a target characteristic impulse response
having a flat or substantially flat amplitude charac-
teristic and a predetermined phase characteristic.
(18) A program that causes a computer to perform
processing including a step of
generating a target characteristic impulse response
having a flat or substantially flat amplitude charac-
teristic and a predetermined phase characteristic.

REFERENCE SIGNS LIST

[0255]

11 Impulse response generation device
21 0-filling processing part
22 FFT processing part
23 IFFT processing part
24 Fade processing part
61 FFT processing part
62 0-filling processing part
63 FFT processing part
64 Operation processing part
121 Reproduction device
131 Acquisition part

132 Speaker phase characteristic convolution part
133 Reproduction control part
171 Headphone inverse characteristic convolution

part
211 HRTF convolution part
241 Generation part

Claims

1. An audio signal processing device comprising:

an acquisition part that acquires an impulse re-
sponse having a flat or substantially flat ampli-
tude characteristic and a predetermined phase
characteristic; and
a phase characteristic convolution part that con-
volves the impulse response into an input audio
signal.

2. The audio signal processing device according to
claim 1,
wherein the predetermined phase characteristic is a
phase characteristic of a predetermined speaker.

3. The audio signal processing device according to
claim 1, further comprising
a reproduction control part that controls reproduction
by headphones of sound based on an audio signal
obtained by convolution of the impulse response.

4. The audio signal processing device according to
claim 3, further comprising
an inverse characteristic convolution part that con-
volves an impulse response having an inverse char-
acteristic of a phase characteristic of the head-
phones into the input audio signal.

5. The audio signal processing device according to
claim 1, further comprising
an HRTF convolution part that convolves an HRTF
into an audio signal obtained by convolution by the
phase characteristic convolution part.

6. The audio signal processing device according to
claim 1, further comprising
an impulse response generation part that generates
the impulse response.

7. An audio signal processing method executed by an
audio signal processing device, comprising:

acquiring an impulse response having a flat or
substantially flat amplitude characteristic and a
predetermined phase characteristic; and
convolving the impulse response into an input
audio signal.
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8. A program that causes a computer to perform
processing comprising steps of:

acquiring an impulse response having a flat or
substantially flat amplitude characteristic and a
predetermined phase characteristic; and
convolving the impulse response into an input
audio signal.

9. An impulse response generation device that gener-
ates a target characteristic impulse response having
a flat or substantially flat amplitude characteristic and
a predetermined phase characteristic.

10. The impulse response generation device according
to claim 9, further comprising:

a 0-filling processing part that performs 0-filling
processing of adding 0 data to predetermined
impulse information;
an impulse information FFT processing part that
performs FFT on the impulse information to
which the 0 data has been added; and
an IFFT processing part that performs IFFT on
a basis of a phase characteristic obtained by the
FFT and a flat amplitude characteristic to gen-
erate the target characteristic impulse response.

11. The impulse response generation device according
to claim 10,
wherein the 0-filling processing part adds the 0 data
to at least a front side of the impulse information in
a time direction.

12. The impulse response generation device according
to claim 10, further comprising
a fade processing part that performs fade processing
on an impulse response obtained by the IFFT to ob-
tain the target characteristic impulse response.

13. The impulse response generation device according
to claim 10,
wherein the impulse information is an impulse re-
sponse having the predetermined phase character-
istic.

14. The impulse response generation device according
to claim 10,
wherein the impulse information is a simple impulse,
the impulse response generation device further com-
prises
an impulse response FFT processing part that per-
forms FFT on an impulse response having the pre-
determined phase characteristic, and
an operation processing part that performs operation
based on a phase characteristic obtained by the FFT
by the impulse information FFT processing part and
the phase characteristic obtained by the FFT by the

impulse response FFT processing part, and
the IFFT processing part performs the IFFT on a ba-
sis of a phase characteristic obtained by the opera-
tion and the flat amplitude characteristic.

15. The impulse response generation device according
to claim 14,
wherein, as the operation, the operation processing
part adds the phase characteristic obtained by the
FFT by the impulse information FFT processing part
and the phase characteristic obtained by the FFT by
the impulse response FFT processing part.

16. The impulse response generation device according
to claim 14,
wherein, as the operation, the operation processing
part subtracts the phase characteristic obtained by
the FFT by the impulse response FFT processing
part from the phase characteristic obtained by the
FFT by the impulse information FFT processing part.

17. An impulse response generation method compris-
ing,
by an impulse response generation device,
generating a target characteristic impulse response
having a flat or substantially flat amplitude charac-
teristic and a predetermined phase characteristic.

18. A program that causes a computer to perform
processing comprising a step of
generating a target characteristic impulse response
having a flat or substantially flat amplitude charac-
teristic and a predetermined phase characteristic.
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