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DESCRIPTION

Title of Invention: FREQUENCY BAND EXTENDING DEVICE AND
METHOD, ENCOPING DEVICE AND METHOD, DECODING DEVICE AND

METHOD, AND PROGRAM

Technical Field
[0C01] ;

The present invention relates to a freguency band
extending device and method, an encoding device and method,
a decoding device and method, and a program, and
specifically relates to a frequency band extending device
and method, an encoding device and method, a decoding device
and method, and a program, whereby music signals can be
played with higher sound guality due to the extension of
freguency bands.

Background Art
[0002]

In recent years, music distribution services that
distribute music data via the Internet or the like have come
to be widely used. With such music distribution services,
encoded data that is obtained by encoding music signals is
distributed as music data. As an encoding method of music
signals, an encoding method that suppresses file capacity of

the encoded data and lowers the bit rate so to reduce the
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amount of time taken in the event of a download has become
mainstrean,
[0003]

Such music signal encoding methods are largely divided
into encoding methods such as MP3 (MPEG {Moving Picture
Experts Group) Audioc Layer 3) (International standard
ISO/IEC 11172-3) and so forth, and encoding methods such as
HE-BAC (High Efficiency MPEG4 AAC) (International standard
ISO/IEC 14486-3) and so forth.

[0004]

With the encoding method represented by MP3, music
signal components of high frequency bands (hereafter called
high frequencies) of approximately 15 kHz or higher that are
difficult to be detected by the human ear are deleted, and
the signal components of the remaining low frequency bands
{hereafter called low frequencies) are encoded. This sort
cf enceding methéd will be hereafter called high frequency
‘deleting encoding method. With this high frequency deleting
encoding method, file capacity of the encoded data can be
suppressed. However, high frequency sounds, while minimally,
can be detected by humans, so if sound'is generated and
output from a music signal after decoding which is obtained
by decoding the éncoded data, deterioration of sound guality
can occur, such as losing the realistic feeling which the

original sound had, or the sound becoming muffled.
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[0005]

- Conversely, with the encoding method represented by HE~
ARC, featuﬁe information is extracted from high freguency
signal components, and this is encoded together with low
frequency signal compeonents. This sort of encoding method
will hereafter be called high frequency feature encoding
method. With the high freguency feature encoding method,
only feature information of the high freguency signal
components are encoded as information relating to high
fregquency signal components, whereby encoding efficiency can
be improved while suppressing deterioration of sound guality.
[0008]

In decoding the encoded data that has been encoded with
the high frequency feature encoding method, low freguency
signal components and feature information are decoded, and
high freguency signal components are generated from the low
frequency signal components and feature information after
decoding. Thus, by generating high freguency signal
componients from low freguency signal components, the
technique to extend the frequency band of the low freguency
signal compeonents will hereafter be called a band extending
technigue.

[0007]
As an application example of the bangd extending

technique, there is post-processing after decoding the
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encoded data with the above-described high frequency
deleting encoding method. In this the post-processing the
frequency band of the low freguency signal components are
extended by generating the high frequency signal components,
lost by encoding, from the low fregquency signal components
after decoding {see PTL 1). Wote that the method for
frequency band extending in PTL 1 will hereafter be called
the PTL 1 band extending method.

[0008]

With the PTL 1 band extending method, a device
estimates a high frequency power spectrum (hereafter called
high frequency envelope, as appropriate) from the power
spectrum of the input signal, with the low freguency signal
components after decoding as the input signal, and generates
high frequency signal components having the freguency
envelope of the high frequency thereof from the low
fregquency signal components.

[00609]

Fig. 1 shows an example of the low frequency power
spectrum after decoding as the input signal and the
estimated high freguency envelope.

{0010]

In Fig. 1, the vertical axis represents power with

logarithms, and the horizontal axis represents freguency.

[0011]
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A device determines the band of the lowAfrequency end
of the high freguency signal components {hereafter called
extension starting band} from the type of encoding format
relating to the input signal and information such as
sampling rate, bit rate, and so forth (hereafter called side
information). Next, the device divides the input signal
serving as the low frequency signal components into multiple
sub~band signals. The device finds multiple sub-band
signals after dividing, i.e. an average for each group for a
temporal direction of the power of each of multiple sub-band
signals on the low frequency side (hereafter simply called
low frequency side) from the extension starting band
(hereafter called group power). As shown in Fig. 1, the
device uses the average of respective group powers of
multiple sub-band signals on the low frequency side as the
power, and uses a point where the freguency is the freguency
on the lower edge of the extension starting band as the
origin peoint. The device estimates a linear line at a
predetermined slope passing through the origin point as the
frequency envelcpe on the higher frequency side from the
extension starting band (hereafter simply called high
freguency side). Note that the positions for the power
direction of the origin point can be adjusted by the user.
The device generates each of multiple sub~band signals on

the high frequency side from multiple sub-band signals on
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the low frequency side so as to becoms frequéncy envelopes
on the high frequency side as estimated. The device adds
the multiple generated sub-band signals on the high
frequency side so as to be the high frequency signal
components, and further, adds the low frequency signal
components and outputs this. Thus, the music signal after
extension of the fregquency band becomes much closer to the
original music signal. Accordingly, music signals with
higher sound quality can be played.

[0012]

The above described PTL 1 band extending method has the
advantages of being able to extend the freguency bands for
music signals after decoding the encoded data thereof, with
such encoded data having various high freguency deleting
encoding methods and various bit rates.

Citation List
Patent Literétnre
[0013]

PTL 1: Japanese Unexamined Patent Applicaticn
Publication No. 2008-13%8844
Summary of Invention
Technical Problem
[0014]

However, the PTL 1 band extending method can be

improved upon with regard to the point in that the estimated
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high fregquency side frequency envelope is a linear line
having a predetermined slope, i.e. with regard to the point
that the shape of the frequency envelope is fixed.

[0013]

That is to say, the power spectrum of the music signal
has various shapes, and depending on the type of music
signal, not a few cases will widely vary from the high
frequency side frequency envelope estimated with the PTL 1
band extending method.

[G016]

Fig. 2 shows an example of the original power spectrum
of an attack-type music signal (attack-type music signal)
which accompanies a temporally sudden change, such as when a
drum is beat loudly once, for exanple.

[0017]

Note that Fig. 2 also shows the low frequency side
signal components of the attack-type music signals as input
signals, from the PTL 1 band extending method, and the high
frequency side frequency envelope estimated from the input
signal thereof, together.

(0018}

2s shown in Fig. 2, the original high freguency side
power spectrum on the attack-type music signal is
approximately flat.

[0019]



Conversely, the estimated high frequency side frequency
envelope has a predetermined negative slope, and even if this
is adjusted at the origin point to a power nearer the original
power spectrum, the difference from the original powexr
gpectrum increases as the frequency increases.

[0020]

Thus, with the PTL 1 band extending method, the estimated
high frequency side frequency envelope cannot realize the
original high frequency side frequency envelope with a high
degree of precision. Consequently, if sound is generated and
output from the music signal after extengion of the frequency
band, clarity of sound can be lost as compared to the original
gound, from a listening perspective.
f0021]

Also, with a high frequency feature encoding method such
as HE-AAC or the like as described above, high frequency side
frequency envelope is used as feature information of the high
frequency signal components to be encoded, but the decoding
side is reguired to reproduce the original high frequency side
frequency envelope in a highly precise manner.

[0022]
Embodiments of the present invention enable music signals

to be played with high sound quality due to the extension of



freguency bands.
Solution to Problem
[0023] |

According to a first aspect, there is provided a
frequency band extending device comprising: signal dividing
means configured to divide an input signal into a plurality
of sub-band signals; feature amount calculating means
configured to calculate a feature amount which expresses a
feature of said input signal using at least one of said
plurality of sub-band signals divided by said signal
dividing means and said input signal; high frequency sub-
band power estimating means configured to calculate an
estimated value of a high frequency sub-band power that is
the power of a sub-band signal having a higher frequency
band than said input signal based on said feature amount
calculated by said feature amount calculating meansg; and
high frequency signal component generating means configured
to generate a high frequency signal component based on said
plurality of sub-band signals divided by said signal
dividing means and the estimated value of said high
frequency sub-band power calculated by said high frequency
sub-band power estimating means; wherein the frequency band
of said input signal is extended using said high frequency
signal component generated by said high frequency signal
component generating means, and wherein said high freguency
sub-band power estimating means calculates an estimated

value of said high frequency sub-band power based on said



feature amount and a ccefficient for each high frequency
sub-band obtained beforehand by learning.

[0024]
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The feature amount calculating means may calculate a
low frequency sub~band power that is a power of the multiple
sub~band signals as the feature amount.

[0025]

The feature amount calculating means may calculate a
temporal variation of a low freguency sub-band power that is
a power of the multipie sub~band signals as the feature
amount.

[0026]

The feature amcunt calculating means may calculate
difference between the maximum and minimum powers in a
predetermined freguency band, of the input signal, as the
feature amount.

{00277

The feature amount calculating means may calculate a
temporal variation of difference between the maximum value
and minimunm value of power in a predetermined frequency band,
cf the input signal, as the feature amount.

[0028]

The feature amount calculating means may calculate the
slope of a power in a predetermined frequency band, of the
input signal, as the feature amount.

[00289]
The feature amount calculating means may calculate a

temporal variation of the slope of a power in a
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predetermined frequency band, of the input signal, as the
feature amount.
[0030]

The high fregquency sub-band power estimeating means may
calculate of an estimated value of the high freguency sub-
band power based on the feature amount, and a coefficient
for each high frequency sub-band obtained beforehand by
learning.

[0031]

The coefficient for each high frequency sub-band may be
generated by performing clustering of the residual vector of
the high frequency signal component calculated with the
coefficient for esach high freguency sub-band obtained by
regression analysis with multiple teacher signals, and
performing regression analysis, for each cluster obtained by
the clustering, using the teacher signals belonging to the
cluster.

[0032]

The residual vector may be normalized with the
dispersion value of each component of the multiple residual
vectors, and the vector after normalization may be subjected
to clustering.

[0033]
The high frequency sub-band power estimating means may

calculate an estimated value of the high freguency sub-band
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power based on the feature amount, and the coefficient and
constant for each of the high frequency sub-bands; with the
constant being calculated from a center-of-gravity vector
for the new clusters obtained by further calculating the
residual vector using the coefficient for each high
frequency sub-band obtained by regressgion analysis with the
teacher signals belonging to the cluster, and performing
clustering of the residual vector thereof to multiple new
clusters.

[0034]

The high frequency sub-band power estimating means may
record the coefficient for each of the high frequency sub-
bands, and a pointer that determines the coefficient for the
each high frequency sub-band, in a correlated manner, and
also record multiple sets of the pointer and the constant,
and some of the multiple sets may include a pointer having
the same value.

[0035]

The high freguency signal generating wmeans may generate
the high frequency signal component from a low frequency
gub-band power that is a power of the multiple sub-band
signals, and an estimated value of the high frequency sub-
band power.

[0036]



According to a second aspect, there is provided a frequency
band extending method comprising: a signal dividing step
arranged to divide an input signal into a plurality of sub-
band signals; a feature amount calculating step arranged to
calculate a feature amount which expresses a feature of said
input signal using at least one of said plurality of sub-
band signals divided by the processing in said signal
dividing step and said input signal; a high frequency sub-
band power estimating step arranged to calculate an
estimated value of a high frequency sub-band power that 1is
the power of a sub-band signal having a higher frequency
band than said input signal based on said feature amount
calculated by the processing in said feature amount
calculating step; and a high frequency signal component
generating step arranged to generate a high frequency signal
component based on said plurality of sub-band signals
divided by the processing in said signal dividing step and
the estimated value of said high frequency sub-band power
calculated by the processing in said high frequency sub-band
power estimating step; wherein the frequency band of said
input signal is extended using said high freguency signal
component generated by the processing in said high frequency
signal component generating step, and wherein said high
frequency sub-band power estimating step calculates an
estimated value of said high frequency sub-band power based
on said feature amount and a coefficient for each high

frequency sub-band obtained beforehand by learning.

[0037]



According to a third aspect, there 1is provided a program
comprising: a signal dividing step arranged to divide an
input signal into a plurality of sub-band signals; a feature
amount calculating step arranged to calculate a feature
amount which expresses a feature of said input signal using
at least one of said plurality of sub-band signals divided
by the processing in said signal dividing step and said
input signal; a high freguency sub-band power estimating
step arranged to calculate an estimated value of a high
frequency sub-band power that is the power of a sub-band
signal having a higher frequency band than said input signal
based on said feature amount calculated by the processing in
said feature amount calculating step; and a high frequency
signal component generating step arranged to generate a high
frequency signal component based on sgaid plurality of sub-
band signals divided by the processing in said signal
dividing step and the estimated value of said high frequency
sub-band power calculated by the processing in said high
frequency sub-band power estimating step; wherein a computer
executes processing for extending the frequency band of said
input signal wusing saild high frequency signal component
generated by the processing in said high freguency signal
component generating step, and wherein said high fregquency
gsub-band power estimating step calculates an estimated value
of said high frequency sub-band power based on said feature
amount and a coefficient for each high frequency sub-band

obtained beforehand by learning.

[0038]
With the above aspects of the present invention, an

input signal is divided into multiple sub-band signals,

feature amount which expresses a feature of the input signal
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is calculated with at least one of the multiple divided sub-
band signals and the input signal, an estimated value of a
high frequency sub-band power that is the power of a sub-
band signal having a higher fregquency band than the input
signal is calculated based on the calculated feature amount,
a high frequency signal component is generated based on the
multiple divided sub-band signals, and the estimated value
of the calculated high frequency sub-band power, and the
frequency band of the input signal is generated with the
generated high frequency signal component.

[0039]



_16___

According to a fourth aspect, there is provided an encoding
device comprising: sub-band dividing means configured to
divide an input signal into a plurality of sub-bands and to
generate a low frequency sub-band signal made up of a
plurality of sub-bands at a low frequency side and a high
frequency sub-band signal made up of a plurality of sub-
bands at a high frequency side; feature amount calculating
means configured to calculate feature amount that expresses
a feature of said input signal using at least one of said
low frequency sub-band signal generated by said sub-band
dividing means and said input signal; pseudo high frequency
sub-band power calculating means configured to calculate a
pseudo high frequency sub-band power that is a pseudo power
of said high frequency sub-band signal based on said feature
amount calculated by said feature amount calculating means;
pseudo high frequency sub-band power difference calculating
means configured to calculate a high frequency sub-band
power that is the power of said high frequency sub-band
signal from said high frequency sub-band signal generated by
said sub-band dividing means and to calculate pseudo high
frequency sub-band power difference that is difference as to
said pseudo high frequency sub-band power calculated by said
pseudo high frequency sub-band power calculating means; high
frequency encoding means configured to encode said pseudo
high frequency sub-band power difference calculated by said
pseudo high frequency sub-band power difference calculating
means to generate high frequency encoded data; low freguency
encoding means configured to encode a low frequency signal
that i1s a low frequency signal of said input signal to
generate low frequency encoded data; and multiplexing means
configured to multiplex said low frequency encoded data
generated by said low frequency encoding means and said high

frequency encoded data generated by said high fregquency
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encoding means to obtain an output code string, wherein said
pseudo high frequency sub-band power difference calculating
means calculates an evaluated value based on said pseudo
high frequency sub-band power of each sub-band and said high
frequency sub-band power for every plurality of coefficients
for calculating said pseudo high frequency sub-band power;
and wherein said high frequency encoding means generates an
index indicating said coefficient of said evaluated value
that is the highest evaluated wvalue ag said high frequency
encoded data.
[0040]

The encoding device may further include low frequency
decoding means configured to decode the low frequency
encoded data generated by the low £freguency encoding means

to generate a low freqguency signal; with the sub-band
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dividing means generating the low frequency sub-band signal
from the low freguency signal generated by the low frequency
dedoding means.

[0041]

The high frequency encoding means may calculate
similarity between the pseudo high frequency sub-band power
difference, and a representative vector or representative
value in predetermined plurality of pseudo high frequency
sub-band power difference space to generate an index
corresponding to a representative vector or representative
value of which the similarity is the maximum, as the high
frequency encoded data.

[0042]

The pseudo high freguency sub-band power difference
calculating means may calculate an evaluated value based on
the pseudo high fregquency sub-band power of each sub-bang,
and the high frequency sub-band power for every multiple
coefficients for calculating the pseudo high fregquency subQ
band power; with the high frequency encoding means
generating an index indicating the coefficient of the
evaluated value that is the highest evaluated value, as the
high frequency encoded data.

[0043]
The pseudo high freguency sub-band power difference

calculating means may calculate the evaluated value based on
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at least any of sum of sqguares of the pseudo high freguency
sub-~band power difference of each sub-band, the maximum
value of the absolute value of the pseudo high fregquency
sub~band power of the sub-band, or the mean value of the
pseudo high frequency sub-band power difference of each sub-
band.

[0044]

The pseudo high frequency sub-band power difference
calculating means may calculate the evaluated value based on
the pseudo high frequency sub-band power difference of
different frames.

[0045]

The pseudo high freguency sub-band power difference
calculating means may calculate the evaluated value using
the psesudo high freguency sub-band power difference
multiplied by weight that is weight for each sub~band such
that the lower frequency side the sub~band is, the greater
welght thereof is.

[0046]

The pseudo high freguency sub-band power difference
calculating means may calculate the evaluated value using
‘the pseudo high freguency sub-band power difference
multiplied by weight that i1s weight for each sub~band such
that the greater the high freguency sub-band power of the

sub~band is, the greater weight thereof is.
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[0047]

According to a fifth aspect, there is provided an encoding
method comprising: a sub-band dividing step arranged to divide an
input signal into a plurality of sub-bands and to generate a low
frequency sub-band signal made up of a plurality of sub-bands at
a low frequency side and a high frequency sub-band signal made up
of a plurality of sub-bands at a high frequency side; a feature
amount calculating step arranged to calculate feature amount that
expresses a feature of said input signal using at least one of
said low frequency sub-band signal generated by the processing in
said sub-band dividing step and said input signal; a pseudo high
frequency sub-band power calculating step arranged to calculate a
pseudo high frequency sub-band power that is a pseudo power of
said high frequency sub-band signal based on said feature amount
calculated by the processing in said feature amount calculating
step; a pseudo high freguency sub-band power difference
calculating step arranged to calculate a high frequency sub-band
power that 1s the power of said high freguency sub-band signal
from said high frequency sub-band signal generated by the

processing in said sub-band dividing
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step and to calculate pseudo high frequency sub-band power
difference that 1is difference as to said pseudo high
frequency sub-band power calculated by the processing in
gsaid pseudo high freguency sub-band power calculating step;
a high frequency encoding step arranged to encode said
pseudo high frequency sub-band power difference calculated
by the processing in said pseudo high freguency sub-band
power difference calculating step to generate high frequency
encoded data; a low frequency encoding step arranged to
encode a low frequency signal that is a low freguency signal
of said input signal to generate low frequency encoded data;
and a multiplexing step arranged to multiplex said low
fregquency encoded data generated by the processing in said
low frequency encoding step and said high frequency encoded
data generated by the processing in said high frequency
encoding step to obtain an output code string, wherein said
pseudo high frequency sub-band power difference calculating
step 1s arranged to calculate an evaluated value based on
said pseudo high freguency sub-band power of each sub-band
and said high frequency sub-band power for every plurality
of coefficients for calculating said pseudo high frequency
sub-band power; and wherein said high frequency encoding
step 1s arranged to generate an index indicating said
coefficient of said evaluated value that is the highest

evaluated value as said high frequency encoded data.

[0048]
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According to the sixth aspect, there isg provided a

program causing a computer to execute processing comprising:

a sub-band dividing step arranged to divide an input signal

into a plurality of sub-bands and to generate a low

frequency sub-band signal made up of a plurality of sub-
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bands at a low frequency side and a high frequency sub-band
signal made up of a plurality of sub-bands at a high
frequency side; a feature amount calculating step arranged
to calculate feature amount that expresses a feature of said
input signal using at least one of said low frequency sub-
band signal generated by the processing in said sub-band
dividing step and said input signal; a pseudo high frequency
sub-band power calculating step arranged to calculate a
pseudo high frequency sub-band power that is a pseudo power
of said high frequency sub-band signal based on said feature
amount calculated by the procesgsing in said feature amount
calculating step; a pseudo high frequency sub-band power
difference calculating step arranged to calculate a high
frequency sub-band power that is the power of said high
frequency sub-band signal from said high frequency sub-band
signal generated by the processing in said sub-band dividing
step and to calculate pseudo high frequency sub-band power
difference that is difference as to said pseudo high
frequency sub-band power calculated by the processing in
said pseudo high frequency sub-band power calculating step;
a high frequency encoding step arranged to encode said
pseudo high frequency sub-band power difference calculated
by the processing in said pseudo high frequency sub-band
power difference calculating step to generate high frequency
encoded data; a low fregquency encoding step arranged to
encode a low frequency signal that is a low freguency signal
of said input signal to generate low frequency encoded data;
a multiplexing step arranged to multiplex said low fregquency
encoded data generated by the processing in said low
frequency encoding step and said high frequency encoded data
generated by the processing in said high frequency encoding
step to obtaln an output code string; wherein said pseudo

high frequency sub-band power difference calculating step is
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arranged to calculate an evaluated value based on said
pseudo high frequency sub-band power of each sub-band and
said high frequency sub-band power for every plurality of
coefficients for calculating said pseudo high frequency sub-
band power; and wherein said high frequency encoding step is
arranged to generate an index indicating said coefficient of
said evaluated value that is the highest evaluated value as

said high frequency encoded data.

[0049]



With the above aspects of the present invention, an input
signal is divided into multiple sub-bands, a low freguency
sub-band signal made up of multiple sub-bands at a low
frequency side and a high freguency sub-band signal made up of
multiple sub-bands at a high freguency side are generated,
feature amount that expresses a feature of the input signal is
calculated with at least one of the generated low fregquency
sub-band signal and the input signal, a pseudo high frequency
sub-band power that is a pseudo power of the high frequency
sub-band signal is calculated based on the calculated feature
amount, a high frequency sub-band power that is the power of
the high frequency sub-band signal is calculated from the
generated high frequency sub-band signal, pseudo high
fregquency sub-band power difference that is difference as to
the calculated pseudo high frequency sub-band power is
calculated, the calculated pseudo high frequency sub-band
power difference is encoded to generate high frequency encoded
data, a low frequency signal that is a low frequency signal of
the input signal is encoded to generate low frequency encoded
data, and the generated low frequency encoded data and the
generated high frequency encoded data are multiplexed to
obtain an output code string.

[0050]



According to a seventh aspect, there is provided a decoding
device comprising: demultiplexing means configured to
demultiplex input encoded data into at least low freguency
encoded data and an index; Jlow frequency decoding means
configured to decode said low frequency encoded data to
generate a low frequency signal; sub-band dividing wmeans
configured to divide the band of said low frequency signal
into a plurality of low frequency sub-bands to generate a low
frequency sub-band signal for each of said low frequency sub-
bands; and generating means configured to generate said high
frequency signal based on said index and said low frequency
gub-band gignal, wherein said index is information indicating
an estimating coefficient used for generation of said high

frequency signal.
[0051]

The index may be obtained, at a device which encodeg an
input gignal and outputs the encoded data, based on the input
signal before encoding, and the high freguency signal
estimated from the input signal.

[0052]

The index may have not been encoded.
[0053]

The index may be information indicating an estimating
coefficient used for generation of the high frequency signal.
[0054]

The generating means may generate the high frequency
signal based on, of the multiple estimating coefficients, the

estimating coefficient indicated by the index.
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[0055]

The generating means may include feature amount
calculating means configured to calculate feature amount
that expresses a feature of the encoded data using at least
one of the low fregquency sub-band signal and the low
frequency signal; high freguency sub-band power calculating
means configured té calculate a high- frequency sub-band
power of a high freguency sub~band signal of the high
frequency sub~band by calculation using the feature amount
and the estimating coefficient regarding each of multiple
high frequency sub-bands making up the band of the high
freguency signal; and high frequency signal generating means
configured to generate the high freguency signal based on
the high freguency sub~band power and the low freguency sub-
band signal.

[0056]

The high freguency sub-band power calculating means may
calculate the high frequency sub-band power of the high
frequency sub-band by linearly combining a plurality of the
feature amount using the estimating coefficient prepared for
each of the high frequency sub-bands.

[0057]

The feature amount calculating means may calculate a

low freguency sub-band power of the low freguency sub-and

signal for each of the low freguency sub-bands as the
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feature amount.
[0058]

The index may be information indicating the estimating
coefficient whereby the high frequency sub-band power most
approximate to the high freguency sub-band power obtained
from the high frequency signal of the input signal before
encoding is obtained as a result of comparison between the
high frequency sub-band power obtained from the high
frequency signal of the input signal before encoding and the
ﬁigh frequency sub-band power generated based on the
estimating coefficient of the multiple estimating
coefficients.

[0059]

The index may be information indicating the estimating
coefficient whereby the sum of squares of difference between
the high fregquency sub-band péwer ocbtained from the high
frequency signal of the input signal before encoding, and
the high fregquency sub-band power generated based on the
estimating coefficient obtained for each of the high
frequency sub-bands, becomes the minimum.

[0060]

The encoded data may further includes difference
information indicating difference between the high fregquency
sub-band power obtained from the high fregquency signal of

the input signal before encoding, and the high freguency
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sub-band power generated based on the estimating coefficient.
[0061]

The difference information may have been encoded.
[0062]

The high freguency sub-band power calculating means may
add the difference indicated with the difference information
included in the encoded data to the high fregquency sub-band
power obtaiﬁed by calculation using the feature amount and
the estimating coefficient; with the high frequency signal
generating means generating the high frequency signal based
on the high frequency sub-band power to which the difference
has been added, and the low frequency sub~band signal.
[0063]

The estimating coefficient may be obtalned by
regression analysis using the least square method with the
feature amount as an explanatory variable and the high
frequency sub-band power as an explained variable.

[0064]

The decoding device may further include, with the index
being information indicating a difference vector made up of
the difference for eacﬁ of the high frequency sub-bands
wherein difference between the high frequency sub-band power
obtained from the high frequency signal of the input signal
before encoding, and the high freguency sub~band power

generated based on the estimating coefficient as an element,
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coefficient output means configured to obtain distance
between a representative vector or representative value in
feature space of the difference with the difference of the
high freguency sub-bands as an element, obtained beforehand
for each of the estimating coefficients, and the difference
vector indicated by the index, and to supply the estimating
coefficient of the representative vector or the
representative value whereby the distance is the shortest,
of the multiple estimating coefficients, to the high
frequency sub-band power calculating means.

[0065]

The index may be information indicating the estimating
coefficient of a plurality of the estimating coefficients
whereby as a result of comparison between the high freqguency
signal of the input signal before encoding, and the high
fregquency signal generated based on the estimating
coefficient, the high frequency signal most approximate to
the high freguency signal of the input signal before
encoding is obtained.

[0066]

The estimating coefficient may be obtained by

regression analysis.
[6067]
The generating means may generate the high fregquency

signal based on information obtained by decoding the encoded
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index.
[0068]
The index may have been subjected to entropy encoding.

[0069]

According to an eighth aspect, there is provided a
decoding method comprising: a demulﬁiplexing step arranged to
demultiplex input encoded data into at least low frequency
encoded data and an index; a low frequency decoding step
arranged to decode said low frequency encoded data to generate
a low frequency signal; a sub-band dividing step arranged to
divide the band of said low frequency signal into a plurality
of low frequency sub-bands to generate a low frequency sub-
band signal for each of said low frequency sub-bands; and a
generating step arranged to generate said high frequency
signal based on said index and said low frequency sub-band
signal, wherein said index is information indicating an
estimating coefficient used for generation of said high

frequency signal.

[0069a]

According to a ninth aspect, there is provided a program
causing a computer to execute processing comprising: a
demultiplexing step arranged to demultiplex input encoded data
into at least low freguency encoded data and an index; a low
frequency decoding step arranged to decode said low fregquency
encoded data to generate a low frequency signal; a sub-band
dividing step arranged to divide the band of said low
frequency signal into a plurality of low frequency sub-bands
to generate a low freguency sub-band signal for each of said
low frequency sub-bands; and a generating step arranged to
generate said high frequency signal based on said index and

said low frequency sub-band signal, wherein said index 1is
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information indicating an estimating coefficient used for

géneration of said high frequency signal.

[0070]

With the above aspects of the present invention, input
encoded data 1is demultiplexed into at least low frequency
encoded data and an index, the low frequency encoded data is
decoded to generate a low frequency signal, the band of the
low frequency signal is divided into multiple low frequency
sub-bands to generate a low-frequency sub-band signal for each
of the low frequency sub-bands, and the high frequency signal

is generated based on the index and the low frequency



sub-band signal.

[0071]

- 29 —
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According to a tenth aspect, there is provided a decoding
device comprising: demultiplexing means configured to
demultiplex input encoded data into low frequency encoded
data and an index for obtaining an estimating coefficient
used for generation of a high frequency signal; low
frequency decoding means configured to decode gaid low
frequency encoded data to generate a low frequency signal;
sub-band dividing means configured to divide the band of
said low frequency signal into a plurality of low frequency
sub-bands to generate a low frequency sub-band signal for
each of said low frequency sub-bands; feature amount
calculating means configured to calculate feature amount
that expresses a feature of said encoded data using at least
one of said low frequency sub-band signal and said low
frequency signal; high fregquency sub-band power calculating
means configured to calculate a high £freguency sub-band
power of the high freguency sub-band signal of said high
frequency sub-band by multiplexing said feature amount by
sald estimating coefficient determined by said index of a
plurality of said estimating coefficients prepared
beforehand regarding each of a plurality of high frequency
sub-bands making up the band of said high frequency sgignal
and obtaining the sum of said feature amount by which said
estimating coefficient has Dbeen multiplied; and high
frequency signal generating means configured to generate
salid high frequency signal using said high frequency sub-
band power and said low frequency sub-band signal.

[0072]

The feature amount calculating means may calculate a low

frequency sub-band power of the low frequency sub-band signal

for each of the low frequency sub-bands as the feature amount.
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[0073]

The index may be information for obtaining the estimating
coefficient of the multiple estimating coefficients whereby
the sum of squares of difference obtained for each of the high
frequency sub-bands, which is difference between the high
freguency sub-band power obtained from the true value of the
high freguency signal, and the high frequency sub-band power
generated with the estimating coefficient, becomes the
minimum.

[0074]

The index may further include difference information
indicating difference between the high frequency sub-band
power obtained from the true value, and the high frequency
sub-band power generated with the estimating coefficient; with
the high frequency sub-band power calculating means further

adding the difference indicated by the difference
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information included‘in the index to the high freguency sub-
band écwer obtained by obtaining the sum of the feature
amount by which the estimating coefficient has been
multiplied; and wherein the high frequency signal generating
means generating the high freguency signal using the high
frequency sub-band p@wer‘to which the difference has been
added by the high freguency sub-band power calculating means,
and the low freguency sub-band signal.

{00751

The index may be information indicating the estimating
coefficient. ‘
[007¢6]

The index may be information obtained by information
indicating the estimating coefficient being subjected to
entropy encoding; with the high freguency sub-band power
calculating means calculating the high freqguency sub~band
power using the estimeting coefficient indicated by
information obtained by deceding the index.

[0077] |

The multiple estimating coefficients may be obtained
peforehand by regression analysis using the least square
method with the feature amount as an explanatory variable
and the high freguency sub-band power as an explained
variable.

[0078]



The decoding device may further include, with the index being
information indicating a difference vector made up of the
difference for each of the high frequency sub-bands wherein
difference between the high frequency sub-band power obtained
from the true value of the high frequency signal, and the high
frequency sub-band power generated with the estimating
coefficient as an element, coefficient output means configured
to obtain distance between a representative vector or
representative value in feature space of the difference with
the difference of the high frequency sub-bands ag an element,
obtained beforehand for each of the estimating coefficients,
and the difference vector indicated by the index, and to
supply the estimating coefficient of the representative vector
or the representative value whereby the distance is the
shortest, of the multiple estimating coefficients, to the high
frequency sub-band power calculating means.

[0079]



According to an eleventh aspect, there is provided a decoding
method comprising: a demultiplexing step arranged to
demultiplex input encoded data into low frequency encoded
data and an index for obtaining an estimating coefficient
used for generation of a high frequency signal; a low
frequency decoding step arranged to decode said low
frequency encoded data to generate a low frequency signal; a
sub-band dividing step arranged to divide the band of said
low frequency signal into a plurality of low frequency sub-
bands to generate a low fregquency sub-band signal for each
of said low frequency sub-bands; a feature amount
calculating step arranged to calculate a feature amount that
expresses a feature of said encoded data using at least one
of said low frequency sub-band signal and said low frequency
signal; a high frequency sub-band power calculating step
arranged to calculate a high frequency sub-band power of the
high frequency sub-band signal of said high frequency sub-
band by multiplexing said feature amount by said estimating
coefficient determined by said index of a plurality of said
estimating coefficients prepared beforehand regarding each
of a plurality of high frequency sub-bands making up the
band of said high frequency signal and obtaining the sum of
said feature amount by which said estimating coefficient has
been multiplied; and a high frequency signal generating step
arranged to generate said high frequency signal using said
high frequency sub-band power and said low frequency sub-
band signal.

[0079a]

Aécording to a twelfth aspect, there is provided a
program causing a computer to execute processing comprising:
a demultiplexing step arranged to demultiplex input encoded

data into low freguency encoded data and an index for
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obtaining an estimating coefficient used for generation of a
high frequency signal; a low frequency decoding step
arranged to decode said low frequency encoded data to
generate a low frequency signal; a sub-band dividing step
arranged to divide the band of said low freguency signal
into a plurality of low frequency sub-bands to generate a
low frequency sub-band signal for each of said low frequency
sub-bands; a feature amount calculating step arranged to
calculate a feature amount that expresses a feature of said
encoded data using at least one of said low frequency sub-
band signal and said low frequency signal; a high frequency
sub-band power calculating step arranged to calculate a high
frequency sub-band power of the high frequency sub-band
signal of said high frequency sub-band by multiplexing said
feature amount by said estimating coefficient determined by
said index of a plurality of said estimating coefficients
prepared beforehand regarding each of a plurality of high
frequency sub-bands making up the band of gaid high
frequency signal and obtaining the sum of said feature
amount by which saild estimating coefficient has been
multiplied; and a high frequency signal generating step
arranged to generate said high frequency signal using said
high frequency sub-band power and said low frequency sub-
band signal.

[0080]

With the above aspects of the present invention, input
encoded data is demultiplexed into low frequency encoded data
and an index for obtaining an estimating coefficient used for

generation of a high freguency signal, the low



frequency encoded data is decoded to generate a low frequency
signal, the band of the low frequency signal is divided into
multiple low frequency sub-bands to generate a low frequency
sub-band signal for each of the low frequency sub-bands,
feature amount that expresses a feature of the encoded data is
calculated with at least one of the low frequency sub-band
signal and the low frequency signal, a high frequency sub-band
power of the high frequency sub-band signal of the high
frequency sub-band is calculated by multiplexing the feature
amount by the estimating coefficient determined by the index
of the multiple estimating coefficients prepared beforehand
regarding each of multiple high frequency sub-bands making up
the band of the high frequency signal, and obtaining the sum
of the feature amount by which the estimating coefficient has
been multiplied, and the high frequency gignal is generated
with the high frequency sub-band power and the low freguency
sub-band signal.

Advantageous Effects of Invention

[0081]

According to the above aspects of the present invention,
music signals can be played with higher sound quality due to
the extension of frequency bands.

Brief Description of Drawings

[o082]
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{Fig. 1] Fig. 1 is a diagram illustrating an example of
a low frequency power spectrum after decoding, serving as an
input signal, and an estimated high frequency envelope.

[Fig. 2] Fig. 2 is a diagram illustrating an example of
an original power spectrum of an attack-type music signal
which accompanies a temporally sudden change. |

[Fig. 3] Fig. 3 is a block diagram illustrating a
functional configuration example of a frequency band
extending device according to a first embodiment of the
present invention.

{Fig. 4] Fig. 4 is a flowchart describing an example of
frequency band extending processing by the frequency band
extending device in Fig. 3.

[Fig. 5] FTig. 5 is a diagram illustrating the power
spectrum of the signal input in the fregquency band extending
device in Fig. 3 and the positioning on the freguency axis
of the bandpass filter.

[Fig. 6] Fig. 6 is a diagram illustrating an example of
the frequency feature of a vocal segment and the estimated
high fregquency power spectrum.

[Fig. 7] Fig. 7 is a diagram illustrating an example of
the power spectrum of the signal input in the frequency band
extending device in Fig. 3.

[Fig. 8] Fig. 8 is a diagram illustrating an example of

a power spectrum after liftering of the input signal in Fig.
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[Fig. 9] Fig. 9 is a block diagram illustrating a
functional configuration example of a coefficient learning
device to perform learning of coefficients used in a high
frequency signal generating circuit of the frequency band
extending device in Fig. 3.

{Fig. 10] Fig. 10 is a flowchart describing an example
of coefficient learning processing by the coefficient
learning device in Fig. 9.

[Fig. 11} Fig. 11 is & block diagram illustrating a
functional configuration example of an encoding device
according to a second embodiment of the present invention.

[Fig. 12] Fig. 12 is a flowchart describing an example
of encoding processing by the encoding device in Fig. 11.

[Fig. 13} Fig. 13 is a block diagram illustrating a
functional configuration example of the decoding device
according to the second embodiment of the present invention.

[Fig. 14] Fig. 14 is a flowchart describing an example
of decoding processing by the decoding device in-Fig. 13.

[Fig. 15] Fig. 15 is a block diagram illustrating a
functional configuration example of a coefficient learning
device to perform learning of representative vectors used in
+he high frequency encodipg circuit of the encoding device
in ¥ig. 11 and of decoded high frequency sub-band power

estimating coefficients used in the high frequency decoding
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circuit of the decoding device in Fig. 13.

[Fig. 16] Fig. 16 is a flowchart describing an example
of coefficient learning processing by the coefficient
learning device in Fig. 15.

[Fig. 17} Fig. 17 is a diagram illustrating an example
of a code string output by the encoeding device in Fig. 11.

[Fig. 18] Fig. 18 is a block diagram illustrating a
functional configuration example of an encoding device.

[Fig. 19] Fig. 19 is é flowchart describing encoding
processing.

[Fig. 20] Fig. 20 is a block diagram illustrating a
functional configuration example of a decoding device.

[Fig. 21] Fig. 21 is a flowchart describing decoding
processing.

[Fig. 22) Fig. 22 is a flowchart describing encoding
processing.

[Fig. 23] Fig. 23 is a flowchart descrikbing decoding
processing.

[Fig. 24} Fig. 24 is a flowchart describing encoding
processing.

[Fig. 251 Fig. 25 is a flowchart describing encoding
processing.

[Fig. 26] Fig. 26 is a flowchart describing encoding
processing.

[Fig. 27} Fig. 27 is a flowchart describing encoding
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processing.

[Fig. 28] Fig. 28 is a diagram illustrating a
configuration example of a coefficient learning device.

[Fig. 29] Fig. 29 is a flowchartldescribing coefficient
learning processing.

[Fig. 30] Fig. 30 is a block diagram illustrating a
configurgtion example of computer hardware that executes
processing to which the present invention has been applied,
by a program.

Description of Embodiments
[0083]

Embodiments cf the present invention will be described
with reference to the appended diagrams. Note that
description will be given in the following order.

1. First Embodiment (in case of applying the present
invention to & frequency band extending device)

2. Second Embodiment (in case of applying the present
invention to an encoding device and decoding device)

3. Third Embodiment (in case of including coefficient index
in high frequency encoded data)

4. Fourth Embodiment (in case of including coefficient index
and pseudce high freguency sub-band power difference in the
high frequency encoded data)

5. Fifth Embodiment (in case of selecting a coefficient

index using an evaluation value)
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6. Sixth Embodiment {in case of sharing a portion of
coefficients)

[0084]

<1l. First Embodiment>

According to a first embodiment, processing to extend a

frequency band (hereafter called freguency band extending
rocessing) is performed as te low freqguency signal
components after decoding which are cbtained by decoding
encoded data with a high frequency deleting encoding method.
[00851

[Functional Configuration Example of Frequency Band
Extending Device]

Fig. 3 shows a functional configuration example of a
frequency band extending device to which the present
invention is applied.

[0086]

With low frecquency signal components after decoding as
an input signal, the frequency band extending device 10
performs freguency band extending processing as to the input
signal thereof, and cutputs the signal after fregquency band
extending processing obtained as a result thereof as an
cutput signal.

[0087]
A frequency band extending device 10 is made up of a

low-pass filter 11, delay circuit 12, bandpass filter 13,
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feature amount calculating circuit 14, high fregquency sub-
band power estimating circuit 153, high frequency signal
generating circuit 16, high-pass filter 17, and signal
adding unit 18.

[0088]

The low-pass filter 11 filters the input signal with a
predetermined cutocff frequency, and supplies the low
freguency signal components which are signal components of a
low freqﬁency to the delay circuit 12 as a post~filtering
signal.

[0089]

in order to synchronize in the event of adding together
the low frequency signal components from the low-pass filter
11 and the high frequency signal components to be described
later, the delay circuit 12 delays the low frequency signal
components for a certain amount of delay time and then
supplies to the signal adding unit 18.

[0080]

The ﬁandpass filter 13 is made up of bandpass filters
13~1 through 13-N which each have different passbands. The
bandpass filter 13-i (1 < i < N) allows a predetermined
passband signal of the input signal to pass through, and as
one of the multiple sub-~band signals, supplies this to the
feature amount calculating circuit 14 and high frequency

signal generating circuit 16.
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[0091]

The feature amount calculating circuit 14 uses at least
one of multiple sub-band signals from the bandpass filter 13
and the input signal to calculate one or multiple feature
amounts, and supplies this to the high freguency sub-band
power estimating circuit 15. Now, the feature amount is
information indicating a signal feature of the input signal.
[0092]

The high frequency sub-band poéer estimating circuit 15
calculates an estimated value of a high frequeﬁcy sub~band
power which is a power of a high frequency sub-band signal,
for each high fresquency sub-band, based on the one or
multiple feature amounts from the feature amount calculating
circuit 14, and supplies these to the high freguency signal
generating circuit 16.

[0093]

The high frequency signal generating circuit 16
generates high frequency signal components which are signal
components of a high fregquency, based on the multiple sub-
band signals from the bandpass filter 13 and the estimated
values of the multiple sub-band powers from the high
frequency sub-band power estimating circuit 15, and.supplies
these to the high-pass filter 17.

[6094)]

The high-pass filter 17 filters the high freguency
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signal components from the high frequency signal generating
circuit 16 with a cutoff fregquency corresponding to the
cutoff frequency in the low-pass filter 11, and supplies
this to the signal adding unit 18.

[0085]

The signal adding unit 18 adds a low freguency signal
component from the delay circuit 12 and a high frequency
signal component from the high-pass filter 17, and ocutputs
this és the output signal.

[0696]

Note that according to the configuration in Fig. 3, the
bandpass filter 13 is used to obtain a sub~band signal, but
the configuration is not restricted to this, and for example,
a band dividing filter such as disclosed in PTL 1 may be
used.

{0097}

Also, similarly, according teo the configuration in Fig.
3, the signal adding unit 18 is used to synthesize the sub=-
band signals, but the configuration is not restricted to
this, and for example, a band synthesizing filter such as
disclosed in PTL 1 may be used.

[0088]
[Frequency Band Extending Processing of Freguency Band

Extending Device]

Next, the frequency band extending processing with the
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frequency band extending device in Fig. 3 will be described
with reference to the flowchart in Fig. 4.
[0099]

In step 81, the low-pass filter 11 filters the input
signal with a predetermined cutoff frequency, and supplies
the low fregquency signal component serving as a post-
filtering signal to the delay circuit 12.

[0100]

The low-pass filter 11 can set an optional frequency as
the cutoff freguency, but according to the present
embodiment, with a2 predetermined band as the.extension
starting band to be described later, a cutoff frequency is
set corresponding to the frequency of the lower end of the
extension starting band. Accordingly, the low-pass filter
11 supplies to the delay circuit 12 the low freguency signal
components, which are signal components of a band lower than
the extension starting band, as the post—filtéring signal.
{0101}

Also, the low-pass filter 11 can also set an optimal
frequency as the cutoff freguency, according to encoding
parameters such as the high frequency deleting encoding
method and bit rate and so forth of the input signal. The
side information used by the band extending method in PTL 1,
for example, can be used as the encoding parameter.

(0102}
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In step $2, the delay circult 12 delays the low
requency signal components from the loﬁupass filter 11 by
just a certain amount of delay time, and supplies this to
the signal adding unit 18.
[0103]

In step 83, the bandpass filter 13 (bandpass filters
13~1 through 13-N) divides the input signal into multiple
sub-band signals, and supplies each of the post-dividing
multiple sub-band signals to a feature amount calculating
circuit 14 and high freguency signal generating circuit 16.
Note that details of the processing to divide the input
signal with the bandpass filter 13 will be described later.
[0104]

In step 54, the feature amount calculating circuit 14
uses at least one of multiple sub-band signals from the
bandpass filter 13 and the inpuf signal to calculate one or
multiple feature amounts, and supplies this to the high
freguency sub-band power estimating circuit 15. Note that
the details of the processing to calculate the feature
amount with the feature amount calculating circuit 14 will
be described later.

{01057

In step S$5, the high freguency sub-band power

estimating circuit 15 calculates estimated values of the

multiple high frequency sub-band powers, based on the one or
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multiple feature amounts from the feature amount calculating
circuit 14, and supplies these to the high freqguency signal
generating circuit 16. Noté that details of the processing
to calculate the estimated values of the high frequency sub-
band powers with the high freguency sub-band power
estimating circuit 15 will be described later.

[0106]

In step S&, the high frequency signal generating
circuit 16 generates high fregquency signal components, based
on the multiple sub~band signals from the bandpass filter 13
and the-estimated values of the multiple high frequency sub=-
band power from the high frequency sub-band powértestimating
circuit 15, and supplies these to the high-pass filter 17.
The high frequency signal components here are signal
components of a higher band than the extension starting band.
Note that details of the processing to generate the high
frequency signal components with the high frequency signal
generating circuit 16 will be described later.

{0107}

In step S$7, the high-pass filter 17 filters the high
freguency signal compenents from the high freguency signal
generating circuit 16, thereby removing noise from repeating
components to the low freguency included in the high
frequency signal components, and the like, and supplies the

high freguency signal components to the signal adding unit
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18.
(0108}

In step $8, the signal adding unit 18 adds the low
frequency signal components from the delay circuit 12 and
the high frequency signal components from the high-pass
filter 17, and outputs this as an output signal.

[0109]

According to the processing above, the freguency band
can be extended as to the post-decoding low freguency signal
components after decoding.

10110}

Next, details of the processing for each of the steps
$3 through $6 in the flowchart in Fig. 4 will be described.
{01117
[Details of Processing by Bandpass Filter]

First, details of the processing by the bandpass filter
13 in step 83 of the flowchart in Fig. 4 will be described.
{0112]

Note that for ease of description, hereafter, the
number N of bandpass filters 13 will be N = 4.

[0113]

For example, one of the 16 sub-bands obtained by
dividing the Nyquist frequency of the input signal into 16
equal parts may be set as the extension starting band, and

of the 16 sub-bands, each of 4 sub-bands of a band lower
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than the extension starting band are set as passbands of the
bandpass filters 13-1 through 13-4, respectively.
[01141

Fig. 5 shows the pcsition of each of the passbands of
the randpass filters 13-1 through 13-4 on the frequency axis
of each.

[0115]

As shown in Fig. 5, if the first sub~band index from
the high frequency of the frequency band {(sub-~band) that is
a band lower than the extension starting band is represented
as sb, and second sub-band index as sb-1, and the I'th sub-
band index as sb~{I-1}, each of the bandpass filters 13-1
through 13-4 are assigned to be passbands for each ¢of the
sub~bands having an index of sb through sb-3, out of the
sub~bands lower than the extension starting band.

[0116]

Note that according to the present embodiment, each of
the péssbands of the bandpass filters 13-1 through 13-4 are
described as being a predetermined four out of the 16 sub-
bands obtained by dividing the Nyguist freguency of the
input signal into 16 egqual parts, but unrestricted to this,
the passbands may be & predetermined four out of 256 sub-
bands obtained by dividing the Nyquist frequency of the
input signal into 256 egual parts. Also, the bandwidth of

each of the bandpass filters 13-1 through 13-4 may each be
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different.

[0117]

[Details of Processing by Feature Amount Calculating
Circuit]

Next, details of the processing by the feature amount
calculating circuit 14 in step S4 of the flowchart in Fig. 4
will be described.

[0118]

The feature amount calculating circuit 14 uses at least
cne of the multiple sub-band signals from the bandpass
filter 13 and the input signal, and calculates one or
multiple feature amounts that the high frequency sub-band
power estimating circuit 15 uses for calculating the high
frequency sub~band power estimating values.

[0119]

More specifically, the feature amount calculating
circuit 14 calculates, as feature amounts, the power of the
sub~band signal (sub-band power (hereafter, also called low
frequency sub-band power)) for each sub-band, from the four
sub-band signals from the bandpass filter 13, and supplies
these to the high frequency sub-band power estimating
circuit 15.

{01201
That is to say, the feature amount calculating circuit

14 finds a low frequency sub-band power in a certain
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predetermined time frame, called power {ib,J), from the four
sub-band signals x(ib,n) supplied from the bandpass filter
13, with Expression (1) below. Here, ib represents the sub-
band index and n represents the dispersion time index. Note
that the sample size of one frame is FSIZE and the power is
expressed in decibels.

[0121]

[Expression 1]

' (J+1FSIZE-1
power (ib, J) = 10 logl0 > x(ib,n)2 | FSIZE
n=JFSIZE

(sh—3<Lib<sh)

[01221

Thus, the low frequency sub-band power, power (ib,J),
found'with the feature amount calculating circuit 14, is
supplied as a feature amount to the high frequency sub-band
power estimating circuit 15.
[0123]
[Details of Processing with High frequency Sub-Band Powex
Estimating Circuit]

Next, details of the processing with the high frequency
sub~band power estimating circuit 15 in step 885 of the
flowchaert in Fig. 4 will be described.

[0124]
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The high freguency sub-band power estimating circuit 15
calculates the estimated value of the sub~band power {high
frequency sub-band power) of the band to be extended
(frequency extending band) beyond the sub-band of which the
index is sb+l {extension starting band}, based on the four
sub~band powers supplied from the feature amount calculating
circult 14.

[0125]

That is to say, if we say that the sub-band index of
the highest band of the frequency extending band is eb, the
high frequency sub-band power estimating circuit 15
estimates (eb-sb) numbers of the sub-~band powers for the
sub-bands wherein the index is sb+l through eb.

[01286]

The estimating value of the sub-band power in the
frequency extending band wherein the index is ib,
pOwerest (ib,J}, uses the four sub-band powers, power{ib,j),
suppiiéd from the feature amount calculating circuit 14, and
can be expressed with Expression (2) below, for example.
[0127]

Expression 2]

sh

power . (ib, J) = (kb Zb 3{Aib(kb)pcwer(kb. J)}) +B;y,
ol

(JFSIZESn < (J+1) FSIZE—1, sb+1<ib<eh)
Lo (2)
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[0128]

Now, in Expression {2}, the coefficients A;,(kb) and By
are coefficients having values that differ for each sub-band
ib. The coefficients Ai;p(kb} and Biyy are coefficients set
appropriately so that favorable values can be obtained as to
various input signals. Also, the coefficients A (kb) and Biy
are changed to optimal values by the change of the sub-band
sb. Note that yielding of the coefficients A {kb) and By
will be described later.

[0129]

In Expression (2), the high fregquency sub-band power
estimating values are calculated with a linear combination
using the power for each of multiple sub-band signals from
the bandpass filter 13, but the arrangement is not
restricted to this, and for example, calculation may be
performed using linear combination of multiple low frequency
sub~band powers of several frames before and after a time
frame J, or using non-linear functions.

[6130]

Thus, the high frequency sub-band power estimating
values calculated with the high frequency sub-band power
estimating circuit 15 is supplied to the high frequency
signal generating circuit 16.

[0131]

[Details of Processing by High freguency Signal Generating
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Circuit]

Next, details of processing by the high freguency
signal generating circuit 16 in step S6 of the flowchart in
Fig. 4 will be described.

[0132]

The high frequency signal generating circuit 16
calculates a low frequency sub-band power, power{ib,J), of
each sub-band from the multiple sub-band signals supplied
from the bandpass filter 13, based on Expression (1)
described above. The high frequency signal generating
circuit 16 uses the calculated multiple low frequency sub-
band powers, power(ib,J), and the high frequency sub-band
power estimated values, powerest{ib,J), which are calculated
based on the above-described Expression (2) by the high
frequency sub-band power estimating circuit 15 to find a
gain amount G{ib,J), according to Expression (3) below.
[0133]

[Expression 3]

G(ib. J) = 10{(powerm(ib,JE-mwar(sbm(zb).J))/ZO}

(JHFSIZESn < (J+1) FSIZE—1, sb+1<ib<eh)
c e (3}
[0134]

Now, in Expression (3), sbusp{ib) represents a sub-band

index of an image source in the case that the sub-band ib is
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the sub-band of an image destination, and is expressed in
Expression {4) below.
[0135]

[Expression 4]

Sbygp (1) = ib—4INT (&":-z—?:iﬂ)

(sb+1<ib<eb)

[0136]

Note that in Expression (4), INT{a) is a function to
round down below the decimal point of a value a.

[0137]

Next, the high frequency signal generating circuit 16
calculates a post-gain-adjustment sub-band signal x2(ib,n},
by multiplying gain amocunt G{(ib,J) found with Expression (3)
by the output of the bandpass filter 13, using Expression
(5) below.

{01383

[Expression 5]
x2(ib, n) = G(ib, J) x(sby,, (ib}, n)
(JHFSIZESn < (J+1) FSIZE—-1, sb+1<ib<eb)

s e o (5)

[013¢9]

Further, the high frequency signal generating circuit
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16 calculates, using Expression (6} below, a post-gain-
adjustment sub-band signal x3{ib,n) that has been subjected
to cosine transform, from the post-gain-adijustment sub~band
signal x2{ib,n), by performing cosine adjustment to the
frequency corresponding to a freguency on the upper end of
the sub-band having an index of sb, from a freguency
corresponding to a freguency on the lower end of the sub-~
pand having an index of sb-3.

{0140}

[Expression 6]
x3 (ib, n) = x2(ib, n)*2c0s(n)*{4(ib+1) n 32}
(sb+1<Lib<eb)

< (8)

101411

Note that in Expression (6), represents the
circumference ratio. Expression {(6) herein means that the
post~gain-adijustment sub-band signal x2(ib,n) is shifted
toward the high freguency side frequency, by four bands
worth each.
[0142]

The high frequency signal generating circuit 16 then
calculates high'frequency signal components Xpign(n) from the
post~gain-adjustment sub-band signal x3(ib,n) shifted toward

the high fregquency side, with the Expression (7) below.
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[Expression 7]
eb .
Xhigh (M) = ibméﬂx(%(ib. n).
(7)

10144)

Thus, high frequency signal components are generated by
the high frequency signal generating circuit 16, based on
the four low freguency sub-~band powers calculated based on
the four sub-band signals from the bandpass filter 13, and
on the high frequency sub-band power estimated value from
the high frequency sub-band power estimating c¢ircuit 15, and
are supplied to the high-pass filter 17.

[0145])

According to the above processing, as €o an input
signal obtained after decoding of the encoded data by a high
frequency deleting encoding method, using the low frequency
sub~band power calculated from multiple sub-band signals as
the feature amount, based on this and an appropriately set
coefficient, a high frequency sub-band power estimated value
is calculated, and high frequency signal components are
appropriately generated from the low freguency sub-band
power and high fregquency sub~band power estimated value,
whereby the frequency extending band sub-band power can be

estimated with high precision, and music signals can be
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played with higher sound guality.
[0148]

Descriptions have been given above of an example
wherein the feature amount calculating circuit 14 calculates
only the low frequency sub-band power calculated from the
multiple sub-band signals as the feature amount, but in this
case, depending on the type of input signal, the sub-band
power of the frequency extending band may not be able to be
estimated with high precision.

10147}

Thus, the feature amount calculating circuit 14
calculates a feature amount having a strong correlation with
the form of the freguency extending band sub-band power.
{(form of high freguency power spectrum), whereby estimating
the freguency extending band sub-band power at the high
frequency sub-band power estimating circuit 15 can be
performed with higher precision.

[0148]
[Other Example of Feature Amount Calculated by Feature
ZAmount Calculating Circuit]

Fig. & shows, with regard to a certain input signal, an
example of a frequency feature in a vocal segment which is a
segment wherein the vocal takes up a large portion thereof,
and a high freguency power spectrum obtained by calculating

the low freguency sub-band power solely as a feature amount
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to estimate the high frequency sub-band power.
[0149]

As shown in Fig. 6, in the fregquency feature in a vocal
segment, the estimated high frequency power spectrum is
often positioned higher than the high freguency power
spectrum of the original signal. Discomfort of a singing
voice of a person is readily sensed by the human ear, so the
high frequency sub-band power estimating needs to be
particularly precisely performed in a vocal segment.

{01501

Blso, as shown in Fig. 6, in the frequency feature in a
vocal segment, one large recess is often seen between 4.8
kHz and 11.025 kHz.

{0151)

Now, an example will be described below of an example
to apply the degree of recess between 4.9 kHz and 11.025 kHz
in the freguency region, serving as the feature amount used
to estimate the high frequency sub-band power in a vocal
segment. Note that the feature amount that indicates the
degree of recess will hereafter be called dip.

[0152]

A calculation example of the dip, dip(J), in time frame
J will be described below.

[0153]

First, 2048-point FFT (Fast Fourier Transform) is
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performed as to signals in 2048 sample segments included in
a range of several frames before and after, including time
frame J, of the input signal, and coefficients on the
frequency axis are calculated. A power spectrum is obtained
by performing db transform on the absolute values of the
various calculated coefficients.

[0154]

Fig. 7 shows an example of a power spectrum obtained as
described above. Now, in order to remove fine components of
the power spectrum, liftering processing is performed so as
1o remove components that are 1.3 kHz or less, for sxample.
According to the liftering processing, the various
dimensions of the power spectrum are viewed as time-series,
and filtering processing is performed by applying a low-pass
filter, thereby smoothing the fine components of the
spectrum peak.

[0155]

Fig. 8 shows an example of a power spectrum of a post-
liftering input signal. In the post-liftering power
spectrum in Fig. B8, the difference between the minimum value
and maximum value of the power spectrum included in a range
corresponding to 4.9 kHz te 11.025 kxHz is set as the dip,
dip (J) .

[0156]

Thus, a feature amount having a feature amount that is



- 59 -
SP248477

strongly correlated with the sub-band power of a freguency
extending band is calculated. Note that the calculation
example of dip dip(J) is not restricted to the above-
described example, and may use another method.

[0157]

Next, another example of calculating a feature amcunt
having a strong correlation with the sub-band power of a
frequency extending band will be described.

[0158]
[Yet Another Example of a Feature Amount Calculated with
Feature Amount Calculating Circuit]

ror a frequency feature of an attack segment, which is
a segment including an attack-type music signal, the high
frequency side power spectrum is often approximately f£lat in
a certain input signal, as described with reference to Fig.
2. With the method to calculate solely the low freguency
sub-band power as the feature amount, the fregquency
extending band sub-band'power is estimated without using the
feature amount showing a temporal variation unigue to the
inpuf signal that includes the attack segment, so estimating
an approximately flat frequency extending band sub-band
power such as seen in an attack segment, with high precision,
is difficult.

[0159]

Thus, an example of applying a low freqguency sub-band
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power temporal variation serving as a feature amount used in
the estimation of high freguency sub-band power in an attack
segment will be described below.

[016C]

The temporal variation powerq(J) of the low frequency
sub~pband power in a certain time frame J is found with
Expression (8) below, for example.

[0161]

[Expression 8]

sb (J+1ESIZE-1

powery (J) = X 3 (x(ib,n)?
ib=sh—3  n=JsFSIZE

sb JHFSIZE-1

> > (xCib,n)d)

ib=sb—3 n=(-1)FSIZE
ce e (8)

[0162)

According to Expression (8}, the temporél variation
powerg{Jd} of the low frequency sub-band power expresses a
ratic of the sum of the four low frequency sub-band powers
in the time frame J and the sum of the four low freguency
sub~band powers in the time frame (J-1) which is one frame
prior tec the time frame J, and the greater this value is,
the greater the temporal variation in power between frames,
i.e. the stronger the attacking is considered to be of the

signal included in time frame J.
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[0163]

Also, comparing a statistically average power spectrum
shown in Fig. 1 and a power spectrum in an attack segment
(attack—-type musical signali shown in Fig. 2, the power
spectrum in the attack segment rises to the right in a
medium frequency. This sort of fregquency feature is often
shown in attack segments.

[0164]

Now, an example of applying a slope in the medium
frequency will be described below, as a feature amount used
to estimate the high frequency sub~-band power in an attack
segment,

[0165]

The slope, slope(d), in the medium frequency of a
certain time frame J is cbtained with Expression {8) below,
for example.

[0166]

EExpressioh 1]

sb (J+1)ESIZE~1

slope(J) = Y > [W(ib)*x(ib,n)%)]
ib=sb~3 n=JsFSIZE

sh (d+1)FSIZE—1

(xCib, M%)
ih=sh—3 n=JFSIZE

e (9)

[0167]
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In Expression (9), the ceoefficient w(ib) is a weighted
coefficient that is adjusted to be weighted by the high
frequency sub-band power. According to Expression (8), the
slope (J) expresses the ratio between the sum of the four low
frequency sub-band powers weighted by the high frequency and
the sum of the four low frequency sub-band powers. For
example, in the case that the four low frequency sub-band
powers become a power corresponding to a medium frequency
sub~band, the slope(J) takes a greater value when the medium
freguency power spectrum rises to the right, and a smaller
value when falling to the right.

[01e8]

Also, in many cases the medium frequency slope varies
widely before and after an attack segment, whereby the slope
temporal variation, slopes(J), expressed with Expression
{(10) below may be set as the feature amount used to estimate

the high freguency sub-band power of an attack segment.

[0169]

[Expression 10]
slopey(J) = slope(J) ~slope (J—1)
(JHFSIZESn< (J+1) FSIZE-1).
| = v« (10)

{01703}

Alsc, similarly, the temperal variation, dipg{Jd), of the
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above described dip, dip(J), expressed in the following
Expression (11}, may be set as the feature amount used to

estimate the high fregquency sub~-band power of an attack

segment.
{0171}

{Expression 11]
dipg(J) =dip(J)—dip(J-1)
(MFSIZESn < (J+1) FSIZE~1)

=+ 0 (11)
[0172]

According to the method above, a feature amount having
a strong correlation with the frequency extending band sub-
band power 1s calculated, so by using these, estimation of
the frequency extending band sub-band power with the high
frequency sub-band power estimating circuit 15 can be
performed with higher precision.

[0173]

An example to calculate a feature amount having a
strong correlation with the frequency extending band sub-
band power is described above, but an example of estimating
a high frequency sub-band power using the feature amount
thus calculated will be described below. |

[01743

[Details of Processing with High Freguency Sub-Band Power
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Estimating Circuit]

Now, an example of estimating the high freguency sub-
band power, using the dip described with reference to Fig. 8
and the low fregquency sub-band power as the feature amounts,
will be described.

[0175]

That is to say, in step 84 in the flowchart in Fig. 4,
the feature amount calculating circuit 14 calculates a low
frequency sub-band power and dip as feature amounts for each
sub-band, from the four sub-band signals from the bandpass
filter 13, and supplies these to the high frequency sub-band
power estimating circuit 15.

[0176]

In step S5, the high frequency sub-band power
estimating circuit 15 calculates an estimating value of the
high freguency sub-band power, based on the four low

requency sub-band powers from the feature amount
calculating circuit 14 and the dip.
[0177]

Now, with the sub-band power and dip, since the range
(scale) of the values that can be taken differ, the high
frequency sub~band power estimating circuit 15 performs
transform of the dip values as shown below, for example.
{01781

The high fregquency sub-band power estimating circuit 15
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calculates the maximum frequency sub-band power of the four
low frequency sub-band powers, and the dip values, for a
large number of input signals beforehand, and finds average
values and standard deviations for each. Now, the average
value of the sub-band powers ig represented by poweXawe, the
standard deviation of the sub-band powers as powergy, the
average value of the dips as dipaver and the standard
deviation of the dips as dipsig.

[0179]

The high frequency sub~-band power estimating circuit 15
transforms the dip value dip(J) as shown in Expression (12)
below, using these wvalues, and obtains a post~transform dip,
dips(J) .

[{0180])

[Expression 12]

dip (J) —di
= 4P Tinees Pave DOWET g qHPOWET 5,

dip, (J)

- (1 2)
[0181]

By performing the transform shown in Expression (12),
the high freguency sub-band power estimating circuit 15 can
transform the dip value dip{J) into variables (dips) dips(J)
equivalent to the statistical average and dispersion of the
low freguency sub-band powers, and can cause the range of

values that can be taken of the dips to be approximately the
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same as the range of values that can be tfaken of the sub-
band powers.
[0182]

An estimated value poweres: (ibk,J)of the sub-band power
having an index of ib in the freguency extending band is
expressed with Expression (13) below, for example, using a
linear combination of the four low fregquency sub-band powers,
power (ib,J), from the feature amount calculating circuit 14
and the dips, dips{J), shown in Expression (12).

[0183]

[Expressiocn 13]

sb

power . (ib, J) = (kh Z{B 3{Cib(kb) power (kb, J) })-!—Dﬁ,dias(dﬂﬁib
£

(JHFSIZESn< (J+1) FSIZE~1, sh+1<ib<eb)

< (13)

[0184) '

Now, in Expression (13}, the coefficients Ciy(kb}, Dins
and E;, are coefficients having values that differ for each
sub~band ib. The coefficients Ciy{kb), Dip, and E;p are
coefficients appropriately set so that favorable values can
be obtained as to various input signals. Also, depending on
the wvariation of the sub-band sb, the coefficients Ciy{kb),
Diy, and Eijp can also be varied to be optimal values. Note

that yielding the coefficients Ci(kb), Dip, and Eip will be
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described latex.
[0185]

| In Expression (13}, the high freguency sub-band power
estimating value is calculated with a linear combination,
but unrestricted to this, may be calculated using a linear
combination of multiple feature amounts of several frames
before and after the time frame J, or may be calculated
using a non-linear function, for example.
[0186]

According to the processing above, the dip value unique
to the vocal segment is used as a feature amount in the
estimation of the high frequency sub-band power, whereby the
precision of high frequency sub-band power estimating of the
vocal segment can be improved, as compared tc the case
wherein solely the low fregquency sub~band power is the
feature amount, and discomfort readily sensed by the human
gar, which is generated by a high freguency power spectrum
being estimated to be greater than the high frequency power
spectrum of the original signal with the method wherein
solely the low freguency sub-band power is the feature
amount, is reduced, whereby music signals can be played with
greater sound guality.

[0187]
Now, regarding the dips {degree of recesg in a vocal

segment frequency feature) calculated as feature amounts
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with the above-~described method, in the case that the number
of sub-band divisions is 16, freguency resolution is low, so
the degree of recess herein cannot be expressed solely with
the low freguency sub-band power.

[0188]

Now, by increasing the number of sub-band divisions
{e.g. by 16 times, which is 256 divisions), increasing the
number of band divisions with the bandpass filter 13 (e.g.
by 16 times, which is‘64}, and increasing the number of low
frequency sub-band powers {e.g. by 16 times, which is 64)
calculated with the feature amount calculating circuit 14,
freguency resolution can be improved, and the degree of
recessing herein can be expressed solely with the low
frequency sub-band power.

[0189]

Thus, it can be thought that a high frequency sub-band
power can be estimated with approximately the same precision
as estimation of a high freguency sub-band power using the
above-described dip as a feature amount, using solely the
low freguency sub-band power.

[0190]

However, by increasing the number of sub-band divisions,
number of band divisions, and number of low frequency sub-
band powers, the amount of calculations increase. If we

consider that high fregquency sub-band power can be estimated
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with similar precision for either method, the method that
does not increase the number of sub-band divisions and that
uses the dip as a feature amount to estimate the high
frequency sub-band power is more efficient from the
perspective of calculation amounts.

{0191}

The description above has been given about a method to
estimate a high fréquency sub-band power using the dip and
the low freguency sub-band power, but the feature amount
used in the estimation of a high frequency sub-band power 1s
not restricted o this combination, and one or multiple of
the above-described feature amounts (low frequency sub-band
powef, dip, low frequency sub-band power temporal variation,
slope, temporal variation of slope, and temporal variation
of dip}, may be used. Thus, precision of estimating the
high frequency sub~band power can be further improved.
{0192}

Also, as described above, in an input signal, by using
parameters unique to a segment wherein estimation of the
high frequency sub-band power is difficult as the feature
amount used for estimation of the high fregquency sub-band
power, the estimation precision of the segment therecof can
be improved. For example, low Ifrequency sub-band power
temporal variation, slope, temporal variation of slope, and

temporal variation of dip, are parameters unigue to the
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attack segment, and by using these parameters as feature
amounts, the estimation precision of the high freguency sub-
band power in the attack segment can be improved.

[0193]

Note that in the case of performing estimation of the
high frequency sub~band power using the feature amount other
than the low frequency sub-band power and dip, i.e. using
low frequency sub-band power temporal variation, slope,
temporal variation of slope, and temporal variation of dip,
the high frequency sub-band power can be estimated with the
same method as described above.

[0194]

Note that each of the calculating methods of the
feature amounts shown here are not restricted to the methods
described above, and that other methods may be used.

-[0195]
[Method of Finding Coefficients Cip(kb), Div, BEipl

Next, a method to find the coefficients Cin(kb), Dip, and
Eir in Expression (13) above will be described.

[o196]

As a method to find the coefficients Cin(kb), Dip, and
Eip, & method 1s used whereby learrning is performed
beforehand with a teacher signal having a wide band
{hereafter called wide band teacher signal), so that, in

estimating the frequency extending band sub-band power, the
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coefficients Cin(kb}, Dijp, Eip can be favorable values as to
various input signals, and can be determined based on the
learning results thereof.

[0197]

In the event of performing learning of the coefficients
Cipl{kb), Dip, and Ejp, a coefficient learning device which
positions a bandpass filter having a passband width similar
to the bandpass filters 13-1 through 13-4 described above
with reference to Fig. 5, with a higher freguency than the
extension starting band, is used. Upon a wide band teacher
signal being input, the coefficient learning device performs
learning.

101987
[Functional Configuration Example of Coefficient Learning
Device]

Fig. 9 shows a functional configuration example cf a
coefficient learning device to perform learning of the
coefficients Cip(kb), Dix, and Eu.

[6199]

With regard to the signal components of a freguency
lower than the extension starting band of the wide band
teacher signal input to the ccoefficient learning device 20
in Fig. 9, it is favorable for a band-restricted input
signal that is input into the frequency band extending

device 10 in Fig. 3 to be a signal encoded with the same
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format as the encoding format performed in the event of
encoding.
[020Q]

The coefficient learning device 20 is made up of a
bandpass filter 21, high freqguency sub-~band power
calculating'circuit 22, feature amount calculating circuit
23, and coeffilcient estimating circuit 24.

{02011

The bandpass filter 21 is made up of bandpass filters
21~1 through 21-(X+N), each of which have different
passbands. The bandpass filter 21-i (1<i<K+N) allows a
predetermined passband signal of the input signal to pass
through, and supplies this as one of the multiple sub-band
signals to the high frequency sub-band power calculating
circuit 22 or feature amount calculating circuit 23. Note
that the bandpass filters 21-1 through 21~K, of the bandpass
filters 21-1 through 21~ (K+N), allows signals of a frequency
higher than the extension starting band to pass through.
[0202]

The high frequency sub-band power calculating circuit
22 calculates the high frequency sub-band power for each
sub-band for each certain time frame as to multiple high
frequency sub-band signals from the bandpass filter 21, and
supplies these to the coefficient estimating circuit 24.

[0203]
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The feature amount calculating circuit 23 calculates a
feature amount that is the same as the feature amount
calculated by the feature amount calculating circuit 14 of
thg freguency band extending device 10 in Fig. 3, for each
time frame that is the same as the certain time frame
calculated for the high frequency sub-band power by the high
frequency sub~band power calculating circﬁit 22. That is to
say, the feature amount calculating circuit 23 uses at least
one of the multiple sub-band signals from the bandpass
filter 21 and wide band teacher signal to calculate one or
multiple feature amounts, and supplies this to the
coefficient estimating circuit 24.

[0204]

The ccefficient estimating circuit 24 estimates a
coefficient used with the high frequency sub-band power
estimating circuit 15 of the fregquency band extending device
10 in Fig. 3, based on the high freguency sub-band power
from the high freguency sub-band power calculating circuit
22 and the feature amount from the feature amount
calculating circuit 23 each certain time frame.
[0205]
{Coefficient Learning Processing of Coefficient Learning
Device]

Next, the coefficient learning processing by the

coefficient learning device in Fig. 9 will be described with
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reference to the flowchart in Fig. 10.
[0206]

In step 811, the bandpass filter 21 divides the input
signal (wide band teacher signal) into (K+N} number of sub-
band signals. The bandpass filters 21-1 through 21-K supply
the multiple sub-band signals having a frequency higher than
the extension starting band to the high frequency sub-band
power calculating circuit 22. Also, the bandpass filter 21-
{X+1) through 21-(X+N) supply the multiple sub~band signals
having a frequency lower than the extension starting band to
the feature amount calculating circuit 23.

[0207]

In step 512, the high frequency sub-band power
calculating circuit 22 calculates the high frequency sub~
band power, power(ib,J) for each sub-band, for each certain
time frame, as to the multiple high frequency sub-band
signals from the bandpass filter 21 (bandpass filters 21-1
through 21-K). The high frequency sub-band power,
power (ib,J), is found with Expression (1) described above.
The high freguency sub-band power calculating circuit 22
supplies the calculated high freguency sub-band power to the
coefficient estimating circuit 24.

[0208]
In step $13, the feature amcunt calculating circuit 23

calculates the feature amount for each time frame that is
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the same as the certain time frame calculated for the high
frequency sub-band power by the high freguency sub-band
power calculating circuit 22.

[0209]

Note that in the feature amount calculating circuit 14
of the frequency band extending device 10 in Fig. 3, it is
assumed that the four low freguency sub~band powers and the
dip are calculated as the feature amounts, and similar to
the feature amount calculating circuit 23 of the cecefficient
learning device 20, description is given below as
calculating the four low frequency sub~band powers and the
dip.

[0210]

That is to say, the feature amount célculating circuit
23 uses four sub-band signals, each having the same band as
the four sub-band signals input in the feature amount
calculating circuit 14 of the frequency band extending
device 10, from the bandpass filter 21 (bandpass filters 21-
(K+1) through 21-{X+4), to calculate the four low frequency
sub~band powers. Also, the feature amount calculating
circuit 23 calculates a dip from the wide band teacher
signal, and calculates the dip, dips(J) based on Expression
{12) described above. The feature amount calculating
circuit 23 supplies the calculated four low fregquency sub-

band power and dip, dips(J), as feature amounts to the



- 76 -
SP248477

coefficient estimating circuit 24.
[0211]

In step S14, the coefficient estimating circuit 24
performs estimation of the coefficients Cjp(kb), Din, and Ei,
based on multiple combinations of the (eb=-sb) number of high
frequency sub-band powers supplied to the same time frame
fiom the high freguency sub-band power calculating circuit
22 and feature amount calculating circuit 23 and of the
feature amounts (four low frequency sub-band powers and dip
dips(J})}. For example, for cne certain high frequency sub-
band, the coefficient estimating circuit 24 sets five
feature amounts {(four low frequency sub-band powers and the
dip dips{J)) as explanatory variables, and the high
frequency sub-band power power{ib,J} as an explained
variable, and performs regression analysis using a least
square method, thereby determining the coefficients Cyy{kb),
Dip, and Eijp in Expression (13).

[0212]

Note that, as it goes without savying, the estimation
method of the coefficients Cin{kb), Dip, and Ei is not
restricted to the above-described method, and various typés
of general parameter identificaticn methods may be used.
[0213]

According to the processing described above, learning

of coefficients used tc estimate the high freguency sub-band
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power is performed using a wide band teacher signal
beforehand, whereby favorable output results can be obtained
as to various input signals input in the freguency band
extending device 10, and therefore, music signals can be
played with greater sound guality.

[0214]

Note that the coefficients Ry {kb) and Bijp in Expression
(2) described above can also be obtained with the
coefficient learning method described above.

[0215]

A coefficient learning processing is described above,
having the premise that in the high freguency sub-band power
estimating circuit 15 of the fregquency band extending device
10, each of the estimating values of the high freguency sub-
band powers are calculated with a linear combination of the
four low freguency sub-band powers and the dip. However,
the high frequency sub-band power estimating method in the
high fregquency sub-band power estimating circuit 15 is not
restricted to the example described above, and for example,
the feature amount calculating circult 14 may calculate one
or multiple feature amounts other than the dip (low
frequency sub-band power temporal variation, slope, slope
temporal variation, and dip temporal wvariation) to calculate
the high frequency sub-band power, or linear combinations of

multiple feature amounts of the multiple frames before and
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after the time frame J may be used, or non~linear functions
may be used. That is to say, in coefficient learning
processing, the coefficient estimating circuit 24 should be
able to calculate (learn) the coefficients, with similar
conditions as the conditions for the feature amounts, time
frames, and functions used in the event of calculating the
high frequency sub-band power with the high freguency sub-
band power estimating circuit 15 of the freguency band
extending device 10.

[021¢€]

<2. Second Embodiment>

With a second embodiment, encoding processing and
decoding processing is performed with a high freqguency
feature encoding method, with an encoding device and
decoding device.

[0217]
[Functional Configuration Example of Encoding Device]

Fig. 11 shows a functional configuration example of the
encoding device to which the present invention is applied.
[0218}

An encoding device 30 is made up of a low-pass filter
31, low frequency encoding circuit 32, sub-band dividing
circuit 33, feature amount calculating circuit 34, pseudo
high frequency sub-band power calculating circuit 35, pseudo

high frequency sub-band power difference calculating circuit
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36, high frequency encoding circuit 37, multiplexing circuit
38, and low freguency decoding circuit 39.
[0219]

The low-pass filtexr 31 filters the input signal with a
predetermined cutoff frequency, and supplies signals having
a lower frequency than the cutoff frequency (hereafter
called low freguency signals) to the low freguency encoding
circuit 32, sub~band dividing circuit 33, and feature amount
calculating circuit 34, as a post~filtering signal.

[0220]

The low frequency encoding circuit 32 encodes the low
frequency signal from the'low—pass filter 31, and supplies
the low frequency encoded data obtained as a result thereof
to the multiplexing circuit 38 and low frequency decoding
circuit 39.

[0221]

The sub-band dividing circuit 33 divides the low
frequency signal from the input signal and low-pass filter
31 into equal multiple sub-band signals having a
predetermined bandwidth, and supply these to the feature
amount calculating circuit 34 or pseudc high frequency sub-
kband power difference calculating circuit 36. More
specifically, the sub-band dividing circuit 33 supplies the
multiple sub-band signals obtained with low frequency

signals as the input (hereafter called low fregquency sub=-
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band signals) to the feature amount calculating circuit 34.
Also, the sub-band dividing circuit 33 supplies the sub-band
signals having a frequency higher than the cutoff frequency
set by the low-pass filter 31 (hereafter called high
freguency sub-band signals), of the multiple sub-band
signals obtained with the input signal as the input, to the
pseudo high frequency sub-band power difference calculating
circuit 36.

[0222]

The feature amount calculating circuit 34 uses at least
one of the multiple sub-band signals of the low frequency
sub-band signals from the sub-band dividing circuit 33 or
low frequency signals from the low-pass filter 31 to
calculate one or multiple feature amounts, and supplies this
to the pseudo high frequency sub-band power calculating
circuit 35.

[0223]

The pseudo high frequency sub-band power calculating
circuit 35 generates a pseudo high freguency sub-band power,
based on the one or multiple feature amounts from the
feature amount calculating circuit 34, and supplies this to
the pseudo high frequency sub~band power difference
calculating circuit 36.

[0224]

The pseudo high fregquency sub-band power difference
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calculating circuit 36 calculates the later-described pseudo
high frequency sub-band power difference, based on the high
frequency sub-band signals from the sub-band diwviding
circuit 33 and the pseudo high freguency sub-band power from
the pseudo high frequency sub-band power calculating circuit
35, and supplies this to the high freguency encoding circuit
37.

[0225]

The high frequency encoding circuit 37 encodes the
pseudo high frequency sub-band power difference from the
pseudo high frequency sub-band power difference calculating
circuit 36, and supplies the high freguency encoded data
obtained as a result thereof to the multiplexing circuit 38.
[0226]

The multiplexing circuit 38 multiplexes the low
frequéncy encoded data from the low freguency encoding
circuit 32 and the high frequency encoded data from the high
frequency encoding circuit 37, and outputs this as an ocutput
code string.

[0227]

The low frequency decoding circult 39 decodes the low
frequency encoded data from the low frequency encoding
circuit 32 as appropriate, and supplies the decoded data
obtained as a result thereof to the sub-band dividing

circuit. 33 and feature amount calculating circuit 34.
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[0228]
[Enceding Processing of Encoding Device]

Next, encoding processing with the encoding device 30
in Fig. 11 will be described with reference tc the flowchart
in Fig. 12.

[0229]

In step S111, the low-pass filter 31 filters the input
signal with a predetermined cutoff frequency, and supplies
the low freguency signal serving as a post-filtering signal
to the low freguency encoding circuit 32, sub-band dividing
circuit 33, and feature amount calculating circuit 34.
[0230)

Iin step 5112, the low frequency encoding circuit 32
encodes the low frecuency signal from the low-pass filter 31,
and supplies the low freguency encoded data obtained as a
result thereof to the multiplexing circuit 38.

162311

Note that as for encoding of the low frequency signal
in step S112, it is sufficient that an appropriate encoding
format is selected according to the circult scope to ke
found and encoding efficiency, énd the present invention .
does nét depend on this encoding format.

[0232]
In step 5113, the sub~band dividing circuit 33 egually

divides the input signal and low frequency signal into
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multiple sub-band signals having a predetermined bandwidth.
The sub~band dividing circuit 33 supplies the low freguency
sub-band signals, obtained with the low frequency signal as
input, to the feature amount calculating circuit 34. Also,
of the multiple sub-band signals obtained with the input
signal as input, the sub-bahd dividing circuit 33 supplies
the high frequency sub-band signals having a band higher
than a band-restricted fregquency set by the low-pass filter
31 to the pseudo high frequency sub-band power difference
calculating circuit 36.

[0233]

In step S$5114, the feature amount calculating circuit 34
uses at least one of the multiple sub-band signals of the
low frequency sub-band signals from the sub-band dividing
circuit 33 or the low frequency signal from the low-pass
filter 31 to calculate one or multiple feature amounts, and
supplies this to the pseudo high frequency sub~band power
calculating circuit 35. ©Note that the feature amount
calculating circuit 34 in Fig. 11 has basically the same
configuration and functionality as the feature amount
calculating circuit 14 in Fig. 3, so the processing in step
8114 is basically the same as the processing in step 54 of
the flowchart in Fig. 4, so detailed description thereof
will be omitted.

[0234]
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In step 5115, the pseudo high frequency sub-band power
calculating circuit 35 generates a pseudo high frequency
sub-band power, based on one or multiple feature amounts
from the feature amount calculating circuit 34, and supplies
this to the pseudo high frequency sub-band power difference
calculating circuit 36. Note that the pseudo high freguency
sub~band power calculating circuit 35 in Fig. 11 has
basically the same configuration and function of the high
freguency sub-band power estimating circuit 15 in Fig. 3,
and the processing in step 8115 is basically the same as the
processing in step 55 in the flowchart in Fig. 4, so
detailed description will be omitted.

[0235]

In step 8116, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates the pseudo high
frequency sub-band power difference, based on the high
frequency sub-band signal from the sub-~band dividing circuit
33 and the pseudo high frequency sub~band power from the
pseudo high freguency sub-band power calculating circuit 35,
and supplies this to the high frequency encoding circuit 37.
[0236]

More specifically, the pseudo high frequency sub-band
power difference calculating circuit 36 calculates the (high
freguency) sub~-band power, power{ib,J), in a certain time

frame J, of the high frequency sub-band signal from the sub-
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- band dividing circuit 33. Note that according to the
present embodiment, all of the sub~bands of the low
freguency sub-band signal and sub~bands of the high
frequency sub-band signal are identified using the index ib.
The calculating method of the sub-band power can be a method
similar to the first embodiment, i.e. the method used for
Expression (1) can be applied.

[6237]

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 finds the difference
(pseudo high frequency sub-band power difference)
poweraiss {ib, J) between the high frequency sub-band power,
powexr (ib,J}, and the pseudo high freguency sub-band power,
powerip{ib,d), from the pseudo high frequency sub~band power
calculating circuit 35 in the time frame J. The pseudo high
freguency sub-band power difference, powergss{ib,J), is ‘
found with Expression (14) below.

[0238]

[Expression 14]
power 4;¢5 (b, J) = power (ib, J) —power y, (ib, J)
(JHRFSIZESn<(J+1) FSIZE-1, sb+1<ib<eb)

cee (14)

{0238}

In Expression {14}, index sb+l represents a minimum
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frequency sub-~band index in the high frequency sub-band
signal. Also, index eb represents a maximum fregquency sub-
band index encoded in the high frequency sub-band signal.
[0240]

Thus, the pseudd high frequency sub-band power
difference calculated with the pseudo high fregquency sub~
band power difference calculating .circuit 36 is supplied to
the high frequency enceding circuit 37.

[0241]

In step S117, the high frequency enceding circuit 37
encodes the pseudo high fregquency sub-band power difference
from the pseudo high frequency sub-band power difference
calculating circuit 36, and supplies the high freguency
encoded data obtained as a result thereof to the
multiplexing circuit 38.

[0242}

More specifically, the high freguency encoding circuit
37 determines to which cluster, of multiple clusters in a
feature space of a preset pseudo high freguency sub-band
power difference, should the vectorized pseudo high
frequency sub-band power difference from the pseudo high
frequency sub-band power difference calculating circuit 36
(hereafter called pseudc high freguency sub-band power
difference vector) belong. Now, a pseudo high frequency

sub~band power difference vector in a certain time frame J
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indicates an (eb-sb) dimension of vector which has values of
pseudoe high freguency sub-band power differences
powergiss (ib,J) for each index ib, as the elements for the
vectors. Also, the feature space for the pseudeo high
frequency sub-band power difference similarly has an (eb-sb)
dimension space.

[0243]

In the feature space for the pseudo high freguency sub-
band power difference, the high frequency encoding circuit
37 measures the distance between the various representative
vectors of multiple preset clusters and the pseudo high
frequency sub-band power difference vector, and find an
index for the cluster with the shortest distance {(hereafter
called pseudo high frequency sub-band power difference ID},
and supplies this to the multiplexing circuit 38 as high
frequency encoded data.

[0244]

In step S118, the multiplexing circuit 38 multiplexes
the low frequency encoded data ocutput from the low frequency
encoding circuit 32 and the high frequency encoded data
output from the high fregquency encoding circuit 37, and
outputs an output code string.

[0245]
Now, regarding an encoding device for the high

fregquency feature encoding method, a technique is disclosed
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in JapaneseAUnexamined Patent Application Publication No.
2G07-17908 in which a pseudo high frequency sub-band signal
is generated from a low freguency sub-band signal, the
pseudc high frequency sub-band signal and high freguency
sub-band signal power are compared for each sub-band, power
gain for each sub-band is calculated to match the pseudo
high frequency sub-band signal power and the high frequendy
sub-band signal power, and this is included in a code string
as high frequency feature information.

[0246)

On the other hand, according to processing described
above, in the event of decoding, only the pseudo high
frequency sub-band power difference ID has to be included in
the output code string as information for estimating the
high fregquency sub-band power. That is to say, in the case
that the number of preset clusters is 64 for example, as
information for decoding the high frequency signal with a
decoding device, only 6~bit information has to be added to a
code string for one time frame, and compared to the method
disclosed in Japanese Unexamined Patent Application
Publicaticn No. 2007-17808, information amount to be
included in the code string can be reduced, encoding
efficiency can be improved, and therefore, music signals can
be played with greater sound guality.

[0247]
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Also; with the above-described processing, if there is
leeway in the calculating amount, the low-freguency decoding
circuit 39 may input the low frequency signal obtained by
decoding the low frequency encoded data from the low
freqguency encoding circuit 32 into the sub-band dividing
circuit 33 and the feature amount calculating circuit 34.
For the decoding processing by the decoding device, the
feature amount is calculated from the low freguency signals
obtained by having decoded the low fregquency encoded data,
and high frequency sub-band power is estimated based on the
feature amount thereof. Therefore, with the encoding
processing also, including the pseudo high freguency sub-
band power difference ID that is calculated based on thes
feature amount calculated from the decoded low frequency
signal in the code string enables estimation of high
freqguency sub-band power with higher precision in the
deceding processing with the decoding device. Accordingly,
music signals can be played with greater sound quality.
[0248]

[Functional Configuration Example of Decoding Device]

Next, a functional configuration example of the
decoding device corresponding to the encoding device 30 in
Fig. 11 will be described with reference to Fig. 13.

[02482]

The decoding device 40 is made up of a demultiplexing
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circuit 41, low frequency decoding circuit 42, sub-band
dividing circuit 43, feature amount calculating circuilt 44,
high band decoding circuit 45, decoded high frequency sub-
band power calculating circuit 46, decoded high frequency
signal generating circuit 47, and synthesizing circuit 48.
[0250]

The demultiplexing circuit 41 demultiplexes the input
code string inte high fregquency encoded data and low
frequency encoded data, and supplies the low frequency
encoded data to the low freguency decoding circuit 42 and
supplies the high frequency encoded data to the high
frequency decoding circuit 45.

[02511

The low frequency decoding circuit 42 pexforms decoding
of the low freguency encoded data from the demultiplexing
circuit 41. The low frequency decoding circuit 42 supplies
the low freguency signals obtained as a result of the
decoding (hereafter called decoded low frequency signals) to
the sub-band dividing circuit 43, feature amount calculating
circuit 44, and synthesizing circuit 48.

[0252]

The sub-band dividing circuit 43 equally divides the
decoded low frequency signal from the low frequency decoding
circuit 42 into multiple sub-band signals having a

predetermined bandwidth, and supplies the obtained sub-band
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signals {(deccded low frequency sub-band signal) to the
feature amount calculating circuit 44 and decoded high
frequency signal generating circuit 47.

[0253]

The feature amount calculating circuit 44 uses at least
one of multiple sub-~band signals of the decoded low
frequency sub-band signals from the sub-band dividing
circuit 43 and the decoded low frequency signal from the low
frequency decoding circuit 42 to calculate one or multiple
feature amounts, and supplies this to the decoded high
freguency sub-band power calculating circuit 46.

[0254)

The high frequency decoding circuit 45 performs
decoding of the high frequency encoded data from the
demultiplexing circuit 41, and uses the pseudo high
frequency sub-band power difference ID obtained as a result
thereof to supply the coefficient (hereafter called decoded
high frequency sub-band power estimating coefficient} for
estimating the high frequency sub-band power prepared
beforehand for each ID (index) to the decoded high freguency
sub-band power calculating circuit 46.

[0255]

The decoded high frequency sub-band power calculating

circuit 46 calculates the decoded high freguency subk-band

power, based on one or multiple feature amounts from the



- 92 -
SP248477

feature amount calculating circuit 44 and the deccded high
frequency sub-band power estimating coefficient from the
high frequency decoding circuit 45, and supplies this to the
decoded high frequency signal generating circuit 47.

[0256]

The decoded high frequency signal generating circuit 47
generates a decoded high freguency signal based on the
decoded low frequency sub-band signal from the sub-band
dividing circuit 43 and the decoded high freguency sub-band
power from the decoded high frequency sub-band power
calculating circuit 46, and supplies this to the
synthesizing circuit 48,

[0257]

The synthesizing circuit 48 synthesizes the decoded low
fregquency signal from the low frequency decoding circuit 42
and the decoded high frequency signal from the decoded high
frequency signal generating circuit 47, and outputs as an
output signal.

[0258]
[Decoding Processing of Decoding Device]

Next, decoding processing with the decoding device in
Fig. 13 will be described with reference to the flowchart in
Fig. 14.

{0259]

In step 8131, the demultiplexing circuit 41



- 83 -
SP248477

demultiplexes the input code string inteo high frequency
encoded data and low frequency encoded data, supplies the
low freqguency encoded data to the low freguency decoding
circuit 42, and supplies the high freguency encoded data to
the high frequency decoding circuit 45.

[0260]

In step S132, the low frequency decoding circuit 42
performs decoding of low freqguency encoded data from the
demultiplexing circuit 41, and supplies the decoded low
frequency signal obtained as a result there to a sub-band
dividing circuit 43, feature amount calculating circuit 44,
and synthesizing circuit 48.

[0261]

In step 5133, the sub-band dividing circuit 43 divides
the decoded low frequency signal from the low freguency
decoding circuit 42 equally into multiple sub-band signals
having predetermined bandwidths, and supplies the cbtained
decoded low frequency sub-band signal to the feature amount
calculating circuit 44 and decoded high frequency signal
generating cilrcuit 47.

[0262]

In step S134, the feature amount calculating circuit 44
calculates one or multiple feature amounts from at least one
of the multiple sub-band signals of the decoded low

fregquency sub-band signals from the sub-band dividing
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circuit 43 and the decoded low frequency signals from the

low fregquency decoding circuit 42, and supplies this to the
decoded high fregqguency sub~band power calculating circuit 46.
Note that the feature amount calculating circuit 44 in Fig.
13 has basically the same configuration and functionality as
the'feéture amount calculating circuit 14 in Fig. 3, and the
processing in step $134 is basically the same as the
processing in step $4 in the flowchart in Fig. 4, so

detailed description thereof will be omitted.

[0263]

In step S$135, the high frequency decoding cir;uit 45
performs decoding of the high frequency encoded data from
the demultiplexing circuit 41, and using the pseudo high
frequency sub-band power difference ID obtained as a result
thereof, supplies the decoded high freguency sub~band power
estimating coefficients that are prepared for each ID
{index) beforehand to the decoded high frequency sub-band
power calculating circuit 46.

[0264]

In step S136, the decoded high frequency sub-band power
calculating circuit 46 calculates the decoded high frequency
sub~-band power, based on the one or multiple feature amounts
from the feature amocunt calculating gircuit 44 and decoded
high frequency sub-band power estimating coefficient from

the high freguency decoding circuit 45. Note that the
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decoded high freguency sub-band power calculating circuit 46
in Fig. 13 has basically the same configuration and
functionality as the high frequency sub-band power
estimating circuit 15 in Fig. 3, and the processing in step
8136 is basically the same as the processing in step S5 in
the flowchart in Fig. 4, so detailed description thereof
will be omitted.

[0265]

In step 8137, the decoded high frequency signal
generating circuit 47 outputs a decoded high frequency
signal, based on the decoded low frequency sub-band signal
from the sub-band dividing circuit 43 and the decoded high
frequency sub-band power from the decoded high freguency
sub-band power calculating circuit 46. Note that the
decoded high frequency signal generating circuit 47 in Fig.
13 has basically the same configuration and functionality as
the high fregquency signal generating circuit 16 in Fig. 3,
and the processing in step 8137 is basically the same as the
processing in step 86 of the flowchart in Fig. 4, so
detailed descriptions thereof will be omitted.

[0266] |

In step S138, the synthesizing circuit 48 synthesizes
the decoded low frequency signal from the low frequency
decoding circuit 42 and the decoded high frequency signal

from the decoded high frequency signal generating circuit 47,
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and outputs this as an output signal.
[0267]

According to the processing described above, by using a
high frequency sub-band power estimating coefficient in the
event of decoding that corresponds to the features of the
difference between the pseudo high frequency sub-band power
calculated beforehand in the event of encoding and the
actual high frequency sub-band power, precision of
estimating the high frequency sub-band power in the event of
decoding can be improved, and conseguently, music signals
can be played with greater sound guality.

[0268]

Also, according to the processing described above, the
only information for generating the high freguency signals
included in a code string is the pseudo high frequency sub=-
band power difference ID, which is not much, so decoding
processing can be performed efficiently.

[02689]

The above description has been made regarding encoding
processing and decocoding processing to which the present
invention 1s applied, but representative vectors for each of
the multiple clusters in a feature space of the pseudo high
frequency sub-band power difference that is preset with the
high frequency encoding circuit 37 of the encoding device 30

in Fig. 11, and a calculating method of the decoded high
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frequency sub-band power estimating coefficient output by
the high frequency decoding circuit 45 of the decoding
device 40 in Fig. 13 will be described below.

[0270} |

[Representative Vector of Multiple Clusters in Feature Space
of Pseudo High Freguency Sub-Band Power Difference, and
Calculating Method of Decoded High Freguency Sub-Band Power
Estimating Coefficient Corresponding to EZach Cluster]

As a method to find representative vectors of multiple
clusters and the decoded high frequency sub-~band power
estimating coefficients of each cluster, coefficients that
can precisely estimate the high frequency sub-band power in
the event of decoding, according to the pseudo high
frequency sub-band power difference vector calculated in the
event of encoding, need to be prepared. Therefore, a
technique is applied wherein learning is performed
beforehand with a wide band teacher signal, and these are
determined based on the learning results thereof.

{02711
[Functional Configuration Example of Coefficient Learning
Devicel

Fig. 15 shows a functional configuration example of a
coefficient learning device that performs learning of the
representative vectors of multiple clusters and the decoded

high freguency sub-band power estimating coefficients for



- 98 -
5P248477

each cluster.
[0272}

The signal components below a cutocff frequency set by
the low-pass filter 31 of the encoding device 30, of the
~wide band teacher signal input in the coefficient learning
device 50 in Fig. 15 is favorable when the input signal to
the enceding device 30 passes through the low-pass filter 31
and is encoded by the low frequency encoding circuit 32, and
further is a decoded low frequency signal decoded by the low
frequency decoding circuit 42 of the decoding device 40.
{0273]

The coefficient learning device 50 is made up of a low-
pass filter 51, sub-band dividing circuit 52, feature amount
calculating cixcuit 53, pseudo high frequency sub-band power
calculating circuit 54, pseudo high freguency sub-band power
difference calculating circuit 55, pseudo high fregquency
sub~band power difference clustering circuit 56, and
coefficient estimating circuit 57.

{02743

Note that each of the low-pass filter 51, sub-band
dividing circult 52, feature amount calculating circgit 53,
and pseudo high frequency sub-band power calculating circuit
54 of the cecefficient learning device 50 in Fig. 15 have
basically the same configuration and functionality as the

respective low-pass filter 31, sub-band dividing cizrcuit 33,
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feature amount calculating circuit 34, and pseudc high
frequency sub-band power calculating circuit 35 in the
encoding device 30 in Fig. 11, so description thereof will
be omitted as appropriate.

[0275]

That is to say, the pseudo high frequency sub~band
power difference calculating circuit 35 has similar
configuration and functionality as the pseudo high frequency
sub-band power difference calculating circuit 36 in Fig. 11,
but the calculated pseudo high frequency sub-band power
difference is supplied to the pseudo high freguency sub-band
power difference clustering circuit 56, and the high
freguency sub-band power calculated in the event of
calculating the pseudo high freguency sub-~band power
difference is supplied to the coefficient éstimating circuit
57.

[0276]

The pseudo high frequency sub~band power difference
clustering circuit 56 clusters the pseudo high frequency
sub-band power difference vectors obtained from the pseudo
high freguency sub-band power difference from the pseudo
high frequency sub-band power difference computing circuit
55, and calculates representative vectors for each cluster.
[0277]}

The coefficient estimating circuit 57 calculates high
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frequency sub-band power estimating coefficients for each
cluster that has been clustered with the pseudo high
frequency sub-band power difference clustering circuit 56,
based on the high frequency sub-band power from the pseudo
high frequency sub-band power difference circuit 55, and the
one or multiple feature amounts from the feature amount
calculating circuit 53.

[0278]

[Coefficient Learning Processing of Coefficient Learning
Device]

Next, coefficient learning processing with the
coefficient learning device 30 in Fig. 15 will be described
with reference to the flowchart in Fig. 16.

[02739]

Note that the processing in steps S151 through 8155 in
the flowchart in Pig. 16 is similar to the processing in
steps S111 and S113 through 8116 in the flowchart in Fig. 12,
other than the signal being input in the coefficient
learning device 50 being a wide band teacher signal, so
description thereof will be omitted.

[0280]

That is to say, in step 8156, the pseudo high frequency
sub-band power difference clustering circuit 56 clusters
multiple (a large amount of time frames) pseudo high

frequency sub-band power difference vectors obtained from
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the pseudo high frequency sub~band power difference from the
pseudo high frequency sub-band power difference calculating
circuit 5% inte 64 clusters, for example, and calculates
representative vectors for sach cluster. An example of a
clustering method may be to use clustering by k-means, for
example. The pseudo high frequency sub-band power
difference clustering circuit 56 sets a center-cf-gravity
vector for each cluster, which is obtained as a result of
performing clustering by k-means, as the representative
vector for each cluster. Note that the method of clustering
and number of clusters is not restricted to the descriptions
above, and that other methods may be used.

[0281]

Also, the pseudo high freguency sub-band power

difference clustering circuit 56 uses a pseudo high
requency sub-band power difference vector obtained from the
pseudo high freguency sub-band power difference from the
pseudo high frequency sub-band power difference calculating
circuit 55 in a2 time frame J to measure the distance from
the 64 representative vectors, and determines an index
CIb{J) for the cluster to which the representative vector
having the shortest distance belongs. Note that the index
CID(J} takes integer values from 1 to the number of clusters
{64 in this example). The pseudo high fregquency sub-band

power difference clustering circuit 56 thus outputs the
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representative vector, and supplies the index CID(J) to the
coefficient estimating circuit 57.
{0282]

In step 8157, the coefficient estimating circuit 57
performs calculating of a decoded high frequency sub-band
power estimating coefficient for each cluster, for each
group having the same index CID{(J)} (belonging to the same
cluster), of multiple combinations of the feature amount and
(eb-sb) number of high freguency sub-band power supplied to
the same time frame from the pseudo high fregquency sub-band
power difference calculating circuit 55 and feature amount
calculating circuit 53. Note that the method for
calculating coefficients with the coefficient estimating
circuit 57 is similar to the method of the coefficient
estimating circuit 24 of the ceoefficient learning device 20
in Fié. 9, but it goes without saying that another method
may be used.

[0283]

According to the processing described above, learning
is performed for the representative wvectors for each of
multiple clusters in the feature space of the pseudo high
frequency sub-band power difference preset in the high
frequency encoding circuit 37 of the encoding device 30 in
Fig. 11, and for the decoded high frequency sub-band powsr

estimating coefficient output by the high frequency decoding
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circuit 45 of the decoding device 40 in Fig. 13 using a wide
band teacher signal beforehand, whereby favorable output
results as to various input signals that are input in the
encoding device 30 and various input code strings input in
the decoding device 40 can be obtained, and therefore, music
signals can be played with greater sound guality.

[0284] |

Further, the coefficient data for calculating high
frequency sub-band power in the pseudo high freguency sub-
band power calculating circuit 35 of the enccding device 30
and the deccded high frequency sub-band power calculating
circuit 46 of the decoding device 40 can be handled as
follows with regard to signal encoding and decoding. That
is to say, by using coefficient data that differs by the
type of input signal, the coefficient thereof can be
recorded at the beginning of the code string. '
[0285]

For example, by modifying the coefficient data
according to signals for a speech or jazz and so forth,
encoding efficiency can be improved.

{0286}

Fig. 17 shows a code string obtained in this way.
[0287]

The code string A in Fig. 17 is that of an encoded

speech, and coefficient data o, optimal for a speech, is



- 104 -
SP248477

recorded in the header.
[0288]

Conversely, the code string B in Fig. 17 is that of
encoded jazz, and coefficient data B, optimal for jazz, is
recorded in the header.

{02891

Such multiple types of coefficient data may be prepared
by learning with similar types of music signals beforehand,
and coefficient data may be selected by the encoding de&ice
30 with the genre information such as that recorded in the
header of the input signal. Alternatively, the genre may be
determined by performing waveform analysis of the signal,
and thus select the coefficient data. That is to say, such
genre analysis method for signals is not restricted in
particular.

[0290]

Also, if calculation time permits, the learning device
described above may be built into the encoding device 30,
processing performed using the coefficients of a dedicated
signal thereof, and as shown in the code string C in Fig. 17,
finally, the coefficient thereof may be recorded in the
header.

[0281]
Advantages of using this method will be described below.

[0282]
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There are many locations in one input signal wherein
the forms of high frequency sub-band powers are similar.
Using this feature which many input signals have, learning
the coefficient for estimating the high frequency sub-band
power, individually for each input signal, enables
redundancy caused by the existence of similar locations of
high frequency sub-band power to be reduced, and enables
encoding efficiency to be increased. Also, high fregquency
sub-band power estimating can be performed with higher
precision than can learning coefficients for estimating high
frequency sub-band power statistically with multiple signals.
[0283]

Also, as shown above, an arrangement may be made
wherein coefficient data learned from the input signal in
the event of encoding is inserted once into several frames.
[0294]
<3. Third Embodiment>
[Functional Configuration Example of Encoding Device]

Note that according to the above description, the
pseude high frequency sub-band power difference ID is output
as high frequency encocded data, from the encoding device 30
to the decoding device 40, but the coefficient index for
obtaining the decoded high frequency sub-band power
estimating coefficient may be set as the high frequency

encoded data.,
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[0295]

In such a case, the encoding device 30 is configured as
shown in Fig. 18, for example. Note that in Fig. 18, the
portions corresponding to the case in Fig. 11 has the same
reference numerals appended thereto, and description thereof
will be omitted as appropriate.

[0296]

The encoding device 20 in Fig. 18 differs from the
encoding device 30 in Fig. 11 in that the low frequency
decoding circuit 39 is not provided, and in other points is
the same.

[0297]

With the encoding device 30 in Fig. 18, the feature
amount caléulating circuit 34 uses the low-freguency sub-
band signal supplied from the sub-band dividing circuit 33
to calculate the low freguency sub-band power as feature
amount, and supplies this to the pseudo high frequency sub~-
band power calculating circuit 35.

[0298]

Also, multiple decoded high freqguency sub-band power
estimating coefficients found by regression analysis
beforehand and the coefficient indices that identify such
decoded high frequency sub-band power estimating
coefficients are correlated and recorded in the pseudo high

frequency sub-band power calculating circuit 35.
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[0299]

Specifically, multiple sets of the coefficient A (kb)
and coefficient Biyp, for the various sub-band used to compute
the above-described Expression (2) are prepared beforehand,
as deccded high frequency sub-band power estimating
coefficients. For example, these coefficients As;p{kb) and
coefficient Bjp are found beforehand with regression énalysis
using a least square method, with the low frequency sub-band
power as explanatory variables, and the high freguency sub-
band power as an explained variable. In the regression
analysls, an input signal made up of low freguency sub-band
signals and high freguency sub-band signals are used as the
wide band teacher signal.

[0300]

The pseudo high freguency sub-band power calculating
circuit 35 uses the decoded high frequency sub-band power
estimating coefficient and the feature amount from the
feature amount calculating circuit 34 for each recorded
decoded high frequency sub-band power estimating coefficient
to calculate the pseudo high freguency sub-band power of
each high freguency side sub~band, and supplies these to the
pseude high frequency sub-band power difference calculating
circuit 36.

[0301]

The pseudo high freguency sub-band power difference
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calculating circuit 36 compares the high freguency sub-band
power obtained from the high frequency sub-band signal
supplied from the sub-band dividing circuit 33 and the
pseudo high frequency sub-band power f;om the pseudo high
frequency sub-band power calcﬁlating circuit 35.

[0302]

As a result of the comparison, of the multiple decoded
high frequency sub-band power estimating coefficients, the
pseudo high freguency sub-band power difference calculating
circuit 36 supplies, to the high frequency encoding circuit
37, a coefficient index of the decoded high frequency sub-
band power estimating coefficient having obtained the pseudo
high frequency sub~band power nearest the high frequency
sub-band power. In other words, a ccefficient index of the
decoded high freguency sub-band power estimating cocefficient,
for which a high frequency signal of the input signal to be
realized at time of decoding, i.e. a decoded high frequency
signal nearest the true value is obtained, is selected.
{0303]

[Encoding Processing of Encoding Device]

Next, encoding processing performed by the encoding
device 30 in Fig. 18 will be described with reference to the
flowchart in Fig. 19. Note that the processing in step S181
through step S183 is similar to step S1i1 through step S113

in Fig. 12, so description thereof will be omitted.
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[0304]

In step 5184, the feature amount calculating circuit 34
uses the low frequency sub-band signal from the sub-band
dividing circuit 33 to calculate the feature amount, and
supplies this to the pseudo high freguency sub-band power
caelculating circuit 35.

[0305]

Specifically, the feature amount calculating clrcuit 34
performs the computation in Expression (1) described above
to calculate, as the feature amount, the low freguency sub-
band power, power({ib,J}, of frame J (where 0 £ J) for each
sub-band ib {(where sb-3 < ib £ sb} at the low frequency side.
That is to say, the low frequency sub-band power,
power (ib,J), is calculated by taking the root mean square of
the sample values for each sample of the low frequency sub-
band signals making up the frame J as a logarithm.

[03061]

In step 81853, the pseudo high freguency sub-band power
caleculating circuit 35 calculates a pseudo high frequency
sub-band power, based on the feature amount supplied from
the feature amount calculating circuit 34, and supplies this
to the pseudo high freguency sub-band power difference
calculating circuit 36.

[0307]

For example, the pseudo high freguency sub-band power
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calculating circuit 35 uses the coefficient By (kb)) and
coefficient Biy that are recorded beforehand as decoded high
freguency sub-band power estimating coefficient and the low
frequency sub-band power, power (kb,J} (where sb-3 £ kb £
sb), to perform the computation in Expression {2) described
above, and calculates the pseudo high frequency sub-band
power, poweres{ib,J).

[0308]

That is to say, the coefficient As(kb) for each sub-
band is multiplied by the low frequency sub-band power,
power {(kb,J}, for each low frequency side sub~band, supplied
as the feature amount, and further the coefficient Bip 18
added to the sum of the low frequency sub-band powers
multiplied by the coefficients, and becomes the pseudo high
frequency sub~band power, poweXes: (ib,J). The pseudo high
frequency sub-band power is calculated for each high
fregquency side sub-band wherein the index is sb+l through eb.
[0309]

Also, the pseudo high frequency sub-band power
calculating circuit 35 performs calculation of pseudo high
frequency sub-band power for each decoded high freguency
sub-band power estimating coefficient recorded beforehand.
For example, let us say that the coefficient index is 1
through K (where 2 < K), and K decoded high frequency sub-

band power estimating coefficients are prepared beforehand.
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In this case, for each~of K decoded high frequency sub~band
power estimating coefficients, the pseudo high frequency
sub—~band powers are calculated for each sub-band.

[0310]

In step S186, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the pseudo high
frequency sub-band power difference, based on the high
frequency sub-band signal from the sub-band dividing circuit
33 and ths pseudo high freguency sub-band power from the
pseudo high frequency sub-band power calculating circuit 35.
[0311)

Specifically, the pseudo high frequency sub-band power
difference calculating circuit 36 performs computation
similar teo that in Expression (1) described above for the
high frequency sub-band signals from the sub-band dividing
circuit 33, and calculates the high frequency sub-band power,
power {ib,J} in frame J. Note that according to the present
embodiment, all of the sub-bands of the low freguency sub-
band signals and sub-~bands of the high freguency sub-band
signals are identified using an index ib.

[0312]

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 performs calculation
similar to that in Expression (14) described above, and

finds the difference between the high frequency sub-band
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power, power (ib,J) in frame J, and the pseudo high frequency
sub-band power, pPoOWeTres:{ib,J). Thus, for each decoded high
frequency sub-band power estimating coefficient, a pseudo
high frequency sub-band power difference, poweraiss(ib,J), is
obtained for each high frequency side sub-band wherein the
index is sbk+l through eb.

[0313]

In step 8187, the pseudo high frecuency sub-band power
difference calculating circuit 36 calculates the following
Expression {(13) for each decoded high freguency sub-band
power estimating coefficient, and calculates the sguare sum
of the pseudo high frequency sub-band power difference.
[0314]

[Expression 15]
eb
E(J,id) = ¥ {powerge (ib, J, id)}? v (15)
ib=sb-+1 _
[0315]

Note that in Expression {15), the sum of squared
differences E(J, id) shows the square sum of the pseudo high
frequency sub-band power difference of frame J, found for
the decoded high frequency sub-band power estimating
coefficient wherein the coefficient index is id. Alsc, in
Expression (15), poweragsr{ib,J,id) represents the pseudo
high frequency sub-~band power difference powergssr(ib,J) of

frame J cf the sub-band wherein the index is ib, which is
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found for the decoded high frequency sub-band power
estimating ceefficient wherein the coefficient index is id.
The sum of squared differences E{J, id} is calculated for
each of K decoded high freguency sub~-band power estimating
coefficients.

{0316]

The sum of squared differences E(J, 1d) thus obtained
shows the degree of similarity between the high frequency
sub-band power calculated from the actual high freguency
signal and the pseudo high frequency sub-band power
calculated using the decoded high fregquency sub-band power
estimating coefficient wherein the coefficient index is id.
[0317]

That is to say, the error of estimation values as to
the true value of the high frequency sub-band power is
indicated. Accordingly, the smaller the sum of sguared
differences E(J, id) is, the closer to the actual high
frequency signal is the decoded high frequency signal
obtained by the computation using the decoded high freguency
sub-band power estimating coefficient. In other words, the
decoded high frequency sub-band power estimating coefficient
having a minimal sum of squared differences E(J, id) can be
said to be the optimal estimating coefficient for frequency
band extending processing that is performed at the time of

decoding an output code string.
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[0318]

Thus, the pseudo high frequency sub-band power
difference calculating circuit 36 selects the sum of sguared
differences of the K sums of squared differences E{(J,id) of
which the value is the smallest, and supplies the
coefficient index indicating the decoded high frequency sub-
band power estimating coefficient corresponding to the sum
of squared‘differences thereof, to the high freguency
encoding circuit 37.

[0318]

In step S188, the high frequency encoding circuit 37
encodes the coefficient index supplied from the pseudo high
frequency sub-band power difference calculating circuit 36,
and supplies the high frequency encoded data obtained as a
result thereof to the multiplexing circuit 38,

(03203

For example, in step 5188, entropy encoding or the like
is performed as to the coefficient index. Thus, the
information amount of high frequency encoded data output to
the deccding device 40 can be compressed. Note that the
high frequency encoded data may be any sort of information
as long as the information can obtain an optimal decoded
high freguency sub*gand power estimating coefficient, and
for example, the coefficient index may be used as high

frequency encoded data, without change.



- 115 -
Sp248477

[0321]

In step 5189, the multiplexing circuit 38 multiplexes
the low frequency encoded data supplied from the low
frequency encoding circuit 32 and the high freguency encoded
data supplied from the high freguency encoding circuit 37,
outéuts the ocutput code string cbtained as a result thereof,
and ends the encoding processing.

[0322]

Thus, by outputting the high frequency encoded data,
obtained by encoding the cocefficient index, as output code
string, together with the low fregquency encoded data, the
decoding device 40 that receives the input of this output
code string can obtain the decoded high frequency sub-band
power estimating coefficient that is optimal for freguency
band extending processing. Thus, signals with greater sound
guality can be obtained.

[0323]
[Functicnal Configuration Example of Decoding Devicel

Also, the decoding device 40 to input, as an input code
string, and decode, the output code string output from the
encoding device 30 in Fig. 18, is configured as shown in Fig.
20, for example. Note that in Fig. 20, the portions
corresponding to the case in Fig. 13 have the same reference
numerals appended thereto, and description thereof will be

omitted.
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[0324]

The decoding device 40 in Fig. 20 is the same as the
decoding device 40 in Fig. 13, from the pcint of being made
up of the demultiplexing circuit 41 through the synthesizing
circuit 48, but differs from the'decoding device 40 'in Fig.
13 from the point that the decoded low frequency signal ffom
the low frequency decoding circuit 42 is not supplied to the
féature amount calculating circuit 44.

[0325]

At the decoding device 40 in Fig. 20, the high
frequency decoding circuit 45 records beforehand the same
decoded high frequency sub-band power estimating coefficient
as the decoded high frequency sub-band power estimating
coefficient recorded by the pseudo high freguency sub-band
power calculating circuit 35 in Fig. 18. That is to say, a
set of the coefficient Ay {kb) and coefficient By, serving as
the decoded high freguency sub-band power estimating
coefficient found by the regression analysis beforehand is
correlated to the coefficient index and recorded.

(03261

The high frequency decoding circuit 45 decodes the high
frequency encoded data supplied from the demultiplexing
circuit 41, and supplies the deccded high freguency sub-band
power estimating coefficient shown with the coefficient

index obtained as a result thereof to the decoded high
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frequency sub-~band power calculating circuit 46.
[0327]
[Deceding Processing of Decoding Device]

Next, decoding processing performed with the decoding
device 40 in Fig. 20 will be described with reference to the
flowchart in Fig. 21.

[0328}

The decoding processing is started upon the output code
string output from the encoding device 30 being supplied as
an input code string to the decoding device 40. HNote that
the processing in step 5211 through step 8213 is similar to
the processing in step S131 through step 5133 in Fig. 14, so
description thereof will be omitted.

[(0323]

In step S214, the feature amount calculating circuit 44
uses the decoded low freguency sub-band signal from the sub-
band dividing circuit 43 to calculate the feature amount,
and supplies this to the deccded high freguency sub-band
power calculating circult 46. Specifically, the feature
amount calculating circuit 44 performs computation of the
above~described Expression (1), and calculates the low
frequency sub—band power, power{ib,J) of the frame J (where
0 £ J) as the feature amount, for the various low frequency
side sub-bands ib.

[03301
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In step $215, the high frequéncy-decoding circuit 45
performs decoding of the high frequency encoded data
supplied from the demultiplexing circuit 41, and supplies
the decoded high frequency sub~band power estimating
coefficient shown by the coefficient index obtained as a
result thereof to the decoded high freguency sub-band power
calculating circuit 46. That is to say, ofﬁthe multiple
decoded high frequency sub-band power estimating
coefficients recorded beforehand in the high freguency
decoding circuit 45, the decoded high frequency sub-band
power estimating coefficient shown in the coefficient index
obtained by decoding is output.

[0331)

In step 5216, the decoded high frequency sub-band power
calculating circuit 46 calculates decoded high freguency
sub~-band power, based on the feature amount supplied from
the feature amount calculating circuit 44 and the decoded
high freqguency sub-band power estimating coefficient
supplied from the high frequency decoding cirxcuit 45, and
supplies this to the decoded high frequency signal
generating circuit 47.

[0332)

That is to say, the decoded high frequency sub-band

power calculating circuit 46 uses the coefficients A (kb)

and B;y serving as the decoded high frequency sub-band power
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estimating coefficients, and the low:frequancy sub-band
bowerf power{kk,J), {(where sb-3 £ kb < sb) as the feature
amﬁunt, to perform the computation in the above-described
Expression (2}, and calculates the decodgd high fregquency
sub-band power. Thus, a decoded high frequency sub-band
power is obtained for each high frequency side sub-band
wherein the index is sb+l through eb.

[0333]

In step S217, the deccded high frequency signal
generating circuit 47 generates a decoded high freguency
signal, based on the decoded low fregquency sub-band signal
supplied from the sub-band dividing circuit 43 and the
decoded high freguency sub-band power supplied from the
decoded high frequency sub-band power calculating circuit 46.
[0334]

Specifically, the decoded high frequency signal
generating circuit 47 perfprms the computation in the above-
described Expression (1), using the decoded low frequency
sub~-band signal, and calculates the low freguency sub-band
power for each low freguency side sub-band. The decoded
high fregquency signal generating circuit 47 then uses the
obtained low fregquency sub-band power and decoded high
frequency sub-band power to perform computation of the
above~described Expression (3), and calculates a gain amount

G{ib,J} for each high freguency side sub-band.
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[0335]

Further, the decodedvhigh'frequency signal generating
circuit 47 uses the gain amcount G{ib,J) and the decoded low
frequency sub-band signal to perform computation of the
above~described Expression (5) and Expression (6), and
generates a high frequency sub-band signal x3(ib,n) for each
high frequency side sub-band.

[0336]

That is to say, the decoded high frequency signal
generating circuit 47 subjects the decoded low freguency
sub-band signal x{ib,n) to amplitude adjustment, according
to the ratioc of the low frequency sub-band power and decoded
high frequency sub-band power, and as a result thereof,
further subjects the obtained decoded low frequency sub-band
signal x2({ib,n) to frequency modulation. Thus, the signal
of the low freguency side sub-band frequency component is
converted to a frequency component signal of the high
frequency side sub-band, and a high fregquency sub-band
signal x3(ib,n}) is obtained.

[0337]

The processing that thus obtains the high frequency
sub~band signals for each sub-band is as described below in
greater detail.

[0338]

Let us say that four sub-bands arrayed continuously in
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a freguency region is called a band block, and a freguency
band is divided so that one band block {hereafter
particularly called low freguency block) is made up of four
sub-bands wherein the indices on the low frequency side are
sb through sb-3. At this time, for example, the band made
up ©of sub~bands wherein the indices on the high frequency
side are sb+l through sb+4 is considered one band block.
Note that hereafter, a band block on the high fregquency side,
i.e. made up of sub-bands wherein the indices are sb+l or
greater, is particularly called a high frequency block.
[0339]

Now, let us focus on one sub-band that makes up a high
frequency block, and generate a high frequency sub-band
signal of the sub-band thereof (hereafter called focus sub-
band) . First, the decoded high frequency signal generating
circuit 47 identifies the sub-band of the low freguency
block which is in the same position relation as the position
of the sub-band of interest in the high frequency block.
[0340]

For example, if the index of the sub-band of interest
igs sb+l, the sub-band of interest is a band having the
lowest frequency of the high fregquency block, whereby a low
frequency block sub-band in the same position relation as
the sub-~band of interest becomes a sub-band wherein the

index is sb-3.
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[0341]

Thus, upon the sub-band of the low frequency block in
the same position relation as the sub-band of interest
having been identified, the low frequency sub-~band power and
decoded low frequency sub-band signal of the sub-band
thereof, and the decoded high frequency sub-band power of
the sub-band of interest, are used to generate the high
freguency sub-band signal of the sub-~band of interest.
[0342]

That is to say, the decoded high frequency sub-band
povwer and low frequency sub-band power are substituted in
the Expressicn (3), and a gain amount according to the ratio
of the powers thereof is calculated. The calculated gain
amount is multiplied by the decoded low fregquency sub-band
signal, and further the decoded low frequency sub-band
signal which has been multiplied by the gain amount is
subjected to frequency modulation with the computation in
Expression (6), and becomes the high frequency sub-band
signal of the sub-band of interest.

[0343]

With the processing above, a high frequency sub-band
signal is obtained for each high frequency side sub-band.
Subsequently, the deccded high frequency signal generating
circuit 47 further performs computation in Expression (7)

described above, finds the sum of the obtained various high
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frequency sub-band signals, and generates the decoded high
frequency signal. The decoded high freguency signal
generating circuit 47 éupplies the obtained decoded high
freguency signal to the synthesizing circuit 48, and the
processing is advanced to step S$217 through step $218.
[0344]

In step 8218, the synthesizing circuit 48 synthesizes
the decoded low frequency~signal from the low freguency
decoding circuit 42 and the decoded high frequency signal
form the decoded high fregquency signal generating circuit 47,
and outputs this as an output signal. Subsequently, the
decoding processing is then ended.

[0345]

As described above, according te the decoding device 40,
a coefficient index is obtained from fhe high freguency
encoded data which is obtained by demﬁltiplexing the input
code string, and the decoded high freqguency sub-band power
estimating coefficient shown by the coefficient index
thereof is used to calculate decoded high frequency sub-band
power, whereby the estimating precision for the high
frequency sub~band power can be improved. Thus, music
signals can be played with greater sound quality.
[0346]
<4, Fourth Embodiment>

[Encoding Processing of Encoding. Device]
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Also, an example is described abqve of a case wherein
only the coefficient index is included in the high freguency
encoded data, but other information may be included.

[0347]

Tor example, if the coefficient index is included in
the high freguency encoded data, the decoded high fregquency
sub-band power estimating coefficient, which obtain the
decoded high frequency sub-band power nearest the high
frequency sub-band power of the actual high frequency signal
can be known at the decoding device 40 side.

[0348]

However, a difference of roughly the same value as the
pseudo high frequency sub-band power difference,
poweraer{ib,J), calculated with the pseudo high frequency
sub-band power difference calculating circuit 36, occurs in
the actual high frequency sub-~band power (true value) and
the decoded high freguency sub-band power (estimated value)
obtained at the decoding device 40 side.

[0349]

Now, if not only the coefficient index, but also pseudo
high frequency sub-band power diffierence of each sub~band is
included in the high freguency encoded data, the general
gerror of the decoded high freguency sub-band power as to the
actual high fregquency sub-band power can be known at the

decoding device 40 side. Thus, the estimation precision for
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the high frequency sub-band power can be further improved,
using this error.
[0350]

The encoding proéessing and decoding processing in the
case of a pseudc high frequency sub-band power difference
being included in'the high freguency encoded data will be
described below with reference to the flowcharts in Fig. 22
and Fig. 23.

[0351]

First, encoding processing performed with the encoding
device 30 in Fig. 18 will be described with reference to the
flowchart in Fig. 22. Note that the processing in step S241
through step S246 is similar to the processing in step S181
through step 85186 in Fig. 18, so description thereof will be
omitted.

(0352}

In step S247, the pseudo high freguency sub-band power
difference calculating circuit 36 performs computation of
the above-described Expression (15), and calculates the sum
of squared difference E(J,id} for each decoded high
freguency sub-band power estimeting coefficient.

[0353]

The pseudo high frequency sub-band power difference

calculating circuit 36 selects a sum of squared differences

that has the smallest value of the sums of squared
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differences (J,id}, and supplies, to the high frequency
encoding circult 37, the coefficient index showing the
decoded high frequency sub-band power estimating coefficient
corresponding to the sum of sgquared differences thereof.
[0354)

Further, the pseudo high frequency sub-band power
difference calculating circuit 36 supplies the pseudo high
frequency sub~band power difference powergiss(ib,J) for each
sub—-band, found for the decoded high frequency sub-band
power estimating coefficient corresponding to the selected
sum of squared differences, to the high frequency encoding
circuit 37.

[0355]

In step S248, the high frequency encoding circuit 37
encodes the coefficient index and pseudo high fregquency sub-
band power difference, supplied from the pseudo high
frequency sub-band power difference calculating circuit 36,
and supplies the high frequency encoded data obtained as a
result thereof to the multiplexing circuit 328.

[0356]

Thus, the pseudo high frequency sub-band power
difference for each sub-band at the high frequency side,
wherein the index is sb+l through eb, i.e. the estimating
error on the high frequency sub-band power, is supplied as

high frequency encoded data to the decoding device 40.
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[0357]

Upon the high frequency encoded data having been
obtained, subsequently, the processing in step 8248 is
prerformed and encoding processing is ended, but the
processing in step 5249 is similar to the processing in step
S189 in Fig. 19 so description thereof will be omitted.
103587

As described above, when the pseudo high frequency sub-
band power difference is included in the high freguency
encoded data, the estimating precision of the high frequency
sub~band power can be further improved at the decoding
device 40, and music signals with greater sound quality can
be obtained.

[0359]
[Decoding Processing of Decoding Device]

Next, the decoding processing performed with the
decoding device 40 in Fig. 20 will be described with
reference to the flowchart in Fig. 23. ©Note that the
processing in step S271 through step 8274 is similar to the
processing in step S211 through step S214 in Fig. 21, so
description thereof will be omitted.

[0360]

In step 5275, the high freguency decoding circuit 45

performs decoding of the high frequency encoded data

supplied f£rom the demultiplexing circuit 41. The high
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frequency decoding circuit 45 then supplies the decoded high
frequency sub-band power estimating coefficient indicated by
the coefficient index cobtained by decoding, and the pseudo
high frequency sub-band power difference of each sub-band
obtained by decoding, to the decoded high frequency sub-band
power caicuiating circuit 46.

{0361]

In step 8276, the decoded high frequency sub-band power
calculating circult 46 calculates the decoded high frequency
sub-band power, based on the feature amount supplied from
the feature amount'calculating circuit 44 and the decoded
high frequency sub-band power estimating coefficient
supplied from the high frequency decoding circuit 45. Note
that in step 8276, processing similar to that in step $216
in Fig. 21 is performed.

[03€62]

In step 8277, the decoded high freguency sub-band power
calculating circuit 46 adds the pseudo high fregquency sub-
band power difference supplied from the high frequency
decoding circuit 45 to the decoded high frequency sub-band
power, sets this as the final decoded high freguency sub-
band power, and supplies this to the decoded high frequency
signal generating circuit 47. That is to say, to the
decoded high freguency sub-band power for each calculated

sub~band is added the pseudo high frequency sub~band power
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difference of the same sub-band.
[0363]

Subsequently, processing in step S278 and step S279 is
performed and the decoding processing is ended, but the
processing herein is the same as that in step S217 and step
8218 in Fig. 21, so description thereof will be omitted.
[0364]

As described above, the decoding device 40 obtains the
coefficient index and pseudo high frequency sub-band power
difference from the high freguency encoded data obtained by
the demultiplexing of the input code string. The decoding
device 40 then calculates the decoded high frequency sub-
band power, using the decoded high freguency sub-band power
estimating coefficient indicated by the coefficient index
and the pseudo high frequency sub-band power difference.
Thus, estimation precision of the high freguency sub-band
power can be improved, and music signals can be played with
greater sound guality.

[0365]

Note that the difference in estimated values of the
high freguency sub~band power occurring between the encoding
device 30 and decoding device 40, i.e. the difference in the
pseudo high frequency sub-band power and decoded high
frequency sub-band power (hereafter called intra-device

estimation difference) may be considered.
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[0366]

In such a case, for example, the pseudo high frequency
sub~band power difference serving as the high frequency
encoded data may be corrected with the intra-device
estimation difference, or the intra-device estimation
difference may be included in the high frequency encoded
data, and the pseudc high freguency sub-band power
difference may be corrected by the intra-device estimation
difference at the decoding device 40 side. Further, the
intra~device‘estimation difference may be recorded
beforehand at the decoding device 40 side, where the
decoding device 40 adds the intra-device estimation
difference to the pseudo high frequency sub-band power
difference, and performs corrections. Thus, a decoded high
frequency signal cleser to the actual high freguency signal
can be cbtained.

[0367]
<5. Fifth Embodiment>

Note that the encoding device 30 in Fig. 18 is
described such that the pseudo-high freguency sub-band power
difference calculating circuit 36 selects, as the sum of
sguared differences E(J,id} as an indicator, an coptimal sum
of sqguared differences from multiple coefficient indices,
but an indicator different from a sum of squared differences

may be used to select the coefficient index.
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[0368]

For example, an evaluation value that considers the
square mean value, maximum value, and mean value and so
forth of the residual difference between the high freguency
" sub-band power and pseudo high freguency sub-band power may
be used as the indicator to select the coefficient index.

In such a case, the enceding device 30 in Fig. 18 performs
encoding processing shown in the flowchart in Fig. 24.
[03691]

The encoding processing with the encoding device 30
will be described below with reference to the flowchart in
Fig. 24. Note that the processing in step 5301 through step
5305 is similar to the processing in step 5181 through step
3183 in Fig. 19, so descriptién thereof will be omitted.
Upon the processing in step $301 through step 5305 having
been performed, the pseudo high frequency sub-band power for
each sub-band is calculated for each of K decoded high

reguency sub-band power estimating coefficients.
[0370]

In step 8306, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates an evaluation
value Res(id,J) using the current frame J which is subject
to processing, for each of K decoded high frequency sub-band
power estimating coefficients.

{0371]
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Specifically, the pseudo high frequency sub-band power
difference calculating circuit 36 uses the high frequency
sub-band signal for each sub-band supplied from the sub-band
dividing circuit 33 to perform computation similar to that
in the above-described Expression {1}, and calculates the
high frequency sub-band power, power (ib,J) in frame J. Note
that according to the present embodiment, all of the sub~
bands of the low fregquency sub-band signals and the sub-
bands of the high frequency sub—band signals are identified
using the index ib.

[0372]

Upon the high frequency sub-band power, power{ib,J)
having been obtained, the pseudo high frequency sub-band
power difference calculating circuit 36 calculates the
following Expression (16), and calculates the residual mean
square value Ressq(id, J).

[0373]

[Expression 16]

eb
Resaq(id, )= Y {power (ib, J) —powersg: (ib, id, )}

ib=sb+1
® ® @ (‘Ee)
{0374}
That is to say, for each sub-band at the high freguency

side wherein the index is sb+l through eb, the difference of

the high freguency sub-band power, power(ib,J) of the frame
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J and the pseudo high freguency sub-band power,

poweres: {ib,1d,J) is found, and the sguare sum of the
difference thereof becomes the residual mean sguare value
Ressra{id, J). Note that the pseudo high freguency sub-band
power, powerestl{ib,id,J), represents a pseudo high frequency
sub-band power of the frame J of a sub~band wherein the
index is ib, which is found for a decoded high frequency
sub~band power estimating coefficient wherein the
coefficient index is id.

[0375])

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the following
Expression (17}, and calculates the residual maximum value
Resgax {id, J) .

{03786]
[Expression 17]
Respax (1d, J) =maxip { |power (ib, J) —poweres: (ib, id, )|}
- - - (7,
(03773

Note that in Expression (17), maxs{|power{ib,J)-
powerest (ib,1d,J) |} represents the greater of the absolute
values of the difference between the high fregquency sub-band
power, power({ib,J), of esach sub-band wherein the index is
sb+1 through eb, and the pseudo high freguency sub-band

POWEY, pPOWerest({ib,id,J). Accordingly, the maximum value of
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the absolute values of the difference between the high
frequency sub~baﬁd power, power({ib,J), in frame J and the
pseudo high frequency sub~band power; powerest {(ib,id, J),
becomes the residual maximum value Respay(id,J}.

[0378]

Also, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the next
Expression (18), and calculates the residual mean value
Resave {1d, J) .

[0378]

{Expression 18]

b
Resas (id, J) =] eZ {power (ib, J) —poweres: (ib, id, J)}

ib=sb+1

/ (eb—sb)| - - - (18)

[0380]

That is to say, for each sub-band at the high frequency
side wherein the index is sb+l through eb, the difference
between the high freguency sub-band power, power {(ib,J} of
frame J, and the pseudo high frequency sub-band power,
poweree: {ib,1d, J} is found, and the sum total of these
differences is found. The absolute value of the values
obtained by dividing the obtained sum of differences by the
number of sub-bands {eb-sb) at the high frequency side

becomes the residual mean value ReSawe (1d,J}. The residual
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mean value Resave(id,J) herein represents the size of the
mean values of the estimated difference of various sub-bands
of which the sign has been taken into consideration.

[0381]

Further, upon obtaining the residual mean square value
Ressg (id,J), residual maximum value Resg.,(id,J), and
residual mean value Res,w{id,J), the pseudo high frequency
sub-band power difference calculating circuit 36 calculates
the following Expression (19), and calculates a final
evaluation value Res(id,J).

[0382]

[Expression 19]

Res(id, J) =Resetq(id, J) +Wpay X Resyay (id, J) +Wave X Resaye (id, J)
- e 2 (19

[0383]

That is to say, the residual mean square value
Resga {id, J), residual maximum value Resg{id,J), and
residual mean value Resave(id,J) are added with weighting,
and become a final evaluation value Res(id,J). Note that in
Expression (19}, the Wi and Wape are preset weightings, and
for example may be Wapax = 0.5, Wawe = 0.5 or the like.
[0384)

The pseudo high freguency sub-band power difference
calculating circuit 36 performs the above-described

processing, and calculates the evaluation value Res(id,J)
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for each of X decoded high frequency sub~band power
estimating coefficients, i.e. for each of ¥ coefficient
indices id.

[0385]

In step 8307, the pseudo high fregquency sub-band power
difference calculating circuit 36 selects a coefficient
index id, based on the evaluation value Res{id,J) for each
found coefficient index id.

{03861

The evaluation value Res(id,J) obtained with the above
processing indicates the degree of similarity between the
high frequency sub~-band power calculated from the actual
high frequency signal, and the pseudo high frequency sub-
band power calculated using the decoded high frequency sub-
band power estimating coefficient wherein the coefficient
index is id. That is to say, this shows the size in high
frequency component estimating error.

[0387]

Accordingly, the smaller that the evaluation value
Res{id,J) is, a decoded high frequency signal will be
obtained that is closer to the actual high frequency signal,
due to computation using the decoded high frequency sub-band
power estimating coefficient. Thus, tﬁe pseudo high
frequency sub-band power difference calculating circuit 36

selects an evaluation value wherein, of the K evaluation
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values Res(id,J), the value is minimum, and supplies, to the
high frequency encoding circuit 37, the coefficient index
indicating the decoded high fregquency sub-band power
estimating coefficient corresponding to the evaluation value
thereof.

[0388]

Upon the coefficient index being ocutput to the high
frequency encoding circuit 37, subsequenﬁly the processing
in step S308 and step S308 are performed and the encoding
processing is ended, but this progessing is similar to that
in step S188 and step S189 in Fig. 19, so description
thereof will be omitted.

[0388]

As shown above, with the encoding device 30, the
evaluation value Res{id,J) calculated from the residual mean
square value Resseg(id,J), residual maximum value Resmax{id, J),
and residual mean value Resave (id,J) is used, and an optimal
coefficient index for the decoded high frequency sub-band
power estimating ccefficient is selected.

{03901

By using the evaluation value Res(id,J}, estimation
precision of the high frequency sub-band power can be
evaluated using more evaluation scales as compared to the
case cf using the sum of squared differences, whereby an

more proper decoded high frequency sub-band power estimating
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coefficient can be selected. Thus, with the decoding device
40 which receives input of the output code string, a decoded
high freguency sub-band power estimating coefficient that is
optimal for the frequency band extending processing can be
obtained, and signals with greater sound guality can be
obtained.

[0391]

<Medification 1>

Also, by performing the encoding processing described
above for each input signal frame, coefficient indices that
differ for each consecutive frame may be selected at a
constant region having little temporal variance of the high

reguency sub-band power IZor each high frequency side sub-~
band of the input signal.
[0392]

That is to say, with consecutive frames that make up a
constant region of the input signal, the high frequency sub-
band power is approximately the same value of each frame, so
for these frames the same coefficient index should be
selected continuously. However, in segments of these
consecutive frames, the coefficient index selected by frame
can change, and conseguently, the high freqguency component
of audio played at the decoding device 40 side can cease to
be constant. Discomfort from a listening perspective can

occur from the played audio.
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[0383]

Noﬁ, in the case of selecting a coefficient index with
the encdding device 30, estimation results of the high
fregquency component with the frame that is temporélly
previous may also be considered. In such a case, the
encoding device 30 in Fig. 18 performs the encoding
processing shown in the flowchart in Fig. 25.

[0394)]

The encoding processing with the encoding device 30
will be described below with reference to the flowchart in
Fig. 25. Note that the processing in step S331 through step
5336 is similar to the processing in step $301 through step
8306 in Fig. 24, so description thereof will be omitted.
{G395]

In step $337, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates the evaluation
value ResP{id,J) that uses a past. frame and current frame.
[0396]

Specifically, the pseudo high fregquency sub-band power
gifference calculating circuit 36 records the pseudoc high
freguency sub-band power for each sub-band, obtained using
the decoded high freguency sub-band power estimating
coefficilent of the coefficient index finally selected for
the frame (J-1} that is temporally one frame prior to the

frame J to be processed. Now, the finally selected
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coefficient index is the coefficient index that is encoded
by the high frequency enceding circuit 37 and output by the
decoding device 40.

[0387]

Hereafter, we will say that the coefficient index id
selected particularly in the frame (J-1) is idselectea{d-1).
Also, the description will be continued where the pseude
high freqguency sub-band power of the sub-band having the
index of ib (where sb+l £ ib £ eb), obtained using the
decoded high frequency sub-band power estimating coefficient
of the coefficient index idseiectea(d-1), as
powerest (1b, 1dserecrea (J=1},d-1) .

[0398]

The pseudo high fregquency sub-band power difference
caleculating circuit 36 first calculates the next Expressiocn
(20}, and calculates an estimated residual mean square value
ResPseq(id, J) .

[0399]

[Expression 20]

eb
ResPstq (id, &) = Zw{powerest(ib, idselected (J—1), J—1)
1n=s

—power et (ib, id, J)}” e (20)

[0400]

That is to say, for each sub-band at the high fregquency
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side wherein the index is sb+l through eb, the difference is
found between the pseudc high fregquency sub-~band power,
poWerest (1b, 1dsetecteq (J~1) ,d~1}) of the frame {(J-1) and the
pseudo high freguency sub-band power, poweres{ib,id,J) of
the frame J. The square sum of the difference thereof then
becomes the estimated residual mean sguare value
ResPstafid, I} . Note that the pseudo high frequency sub-band
power, poweres:{ib,id,J), represents the pseudo high
frequency sub-band power of the frame J of a sub-band
wherein the index is ib, which is found for the decoded high
frequency sub-band power estimating coefficient wherein the
coefficient index is id.
[0401]

bThé estimated residual mean square value ResPsg {(id,J)
herein is a sum of squared differences of the pseudo high
frequency sub-band power between temporally consecutive
frames, whereby the smaller the estimated residual mean
square value ResPgg (id,J) is, the less temporal change
there will be in the high frequency component estimated
value,
[0402]

Next, the pseudo high freguency sub-band power

difference calculating circuit 36 calculates the following
Expression (21), and calculates an estimated residual

maximum value ResPp.(id, J).
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[0403]

[Expression 21]

ResPrayx (id, J) =maxib{|pgwerest(§b, idselected (J—1), J—1)

—powerest (ib, id, )|} - - - 20

{04043

Note that in Expression (21),
maxip{ | poweres: (1b, idserectea (I=1), J-i) ~powWeres: (ib,1d,J) |}
repraesents the greater of the absoclute values of the
difference between the pseudo high frequency sub-band power,
POWergs: (ib, idsetectea (T-1), J-1) of each sub-band wherein the
index is sb+l through eb; and the pseudc high freguency sub-
band power, powerest(ib,id,J)}. Accordingly, the maximum
value of the absolute values of the difference in the pseudo
high freguency sub-band power between temporally consecutive
frames becomes the estimated residual maximum value
ReSPpag {id, J} .

[0405)

The smaller that the value of the estimated residual
maximum value ResPpax{id,J) is, the closer the estimation
results will be of the high frequency components betwesen
consecutive frames.

[0406]
Upon the estimated residual maximum value ResPpa.(id,J)

having been obtained, next the pseudo high freguency sub-
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band power difference calculating circuit 36 calculates the
following Expression (22), and calculates an estimated
residual mean value ResPue(id, J).

{0407]

[Expression 22}

ab
ResPaye (id, J) =| 7 {poweres: (ib, idselected (J—1), d—1)
ib=sb+1
~powerest (ib, id, J)} | / (eb—sb)| - = (22)

[5408]

That is to say, for each sub-band at the high freguency
side wherein the index is sb+1 through eb, the difference is
found between the pseudo high frequency sub-band power,
poWwerest {1, idselectea (=1} ,J~1} of the frame (J-1) and the
pseudo high frequency sub-band power, powerese{ib,id,J) of
the frame J. The absolute value of the value obtained by
dividing the sum of differences in the various sub-bands by
the number of sub-bands at the high frequency side (eb=-sb)
becomes the estimated residual mean value ResPue{id,J). The
estimated residual mean value ResPave(id,J) herein represents
the mean size of the difference in the estimated values of
the sub-bands between frames of which the sign is taken into
consideration.

[0408]
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Further, upon obtaining the estimated residual mean
square value ResPgra(id,J), estimated residual maximum value
ResPmax (1d,d), and estimated residual mean value ResPaw.(id, J),
the pseudo high frequency sub-band power difference
calculating circuit 36 calculates the following Expression
(23), and calculates the evaluation value ResP(id,J).
[0410]

{Expression 23]

ResP (id, J) =ResPst¢(id, J) +Wpax X ResPpa (id, J)

tWave X ResPaye (id, J) - e« (23)

[0411]

That is to say, the estimated residual mean square
value ResPgy(id,J), estimated residual maximum value
Res&@x(id,J}, and estimated residual mean value ResPav.(id, J)
are added with weighting, and become the evaluation value
ResP{id,J). Note that in Expression (23), the Wpx and Wave
are preset welghtings, and for example may be Wpx = 0.5, Wave
= 0.5 or the like.

[0412]

Thus, upon the evaluation value ResP(id,J) which uses a
past frame and current frame having been calculated, the
processing is advanced from step S337 to step $338.

[0413]

In step 5338, the pseudo high freguency sub-band power
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difference calculating circuit 36 calculates the following
Expression (24}, and calculates a final evaluation value
Resayy (1d,d) .
[C414]
[Expression 24]
Resa| | (id, J) =Res (id, J) +W, (J) XResP (id, J) = - (24)
[0415]

That is to say, the found evaluation value Res (id,J)
and evaluation value ResP(id,J) are added with weighting.
Note that in Expression (24), W, {(J) is a weight that is

defined by the following Expression (25), for example.
[0416]

[Expression 25]

—pmﬁgr W +1  (O<power, (J)<50)
W (D) =
0 (otherwise) - - - (25)
(0417]

Also, the power:(J) in Expression (25) is a value
defined by the following Expression (26).
[0418]

[Expression 26]
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eb
power, (J) = bzb [power (ib, Jy —power (ib, J—=1)}* |/ (eb—sb)
ib=sh+1
. o - (26)

[0419]

The powery(J) herein represents the average of the
differences in the high frequency sub-band power of the
frame (J-1) and frame J. Also, from Expression (25), when
Wy (J) is a value in a predetermined range where power,(J) is
near 0, Wp{J) becomes a value closer to 1 as power:(J)
becomes smaller, and becomes 0 when power.(J) is a value
greater than the predetermined range.

[0420]

Now, in the case that the power,(J) is a value within
the predetermined range near 0, the average of difference of
the high frequency sub-band power between consecutive frames
becomes small by a certain amount. In other words, temporal
variation of the high frequency components of the input
signal is small, whereby the current frame of the input
signal is a constant region.

[04211]

The more steady the high freguency components of the
input signal are, the cleser that the weighting W, (J) is a
value that becomes closer to 1, and conversely, the more the

high fregquency components are not steady, the closer the
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value becomes to (. Accordingly, with the evaluation value
Resai1{id, J) shown in Expression (24), the less temporal
variation in the input signal high frequency components, the
greater the contributing ratio of the evaluation value
Res?(id, J), wherein the comparison result from the
estimation results of the high frequency components with the
immediately preceding frame serve as the evaluation scale,
becomes.

[0422]

Consequently, with the constant region of the input
signal, a deccded high fregquency sub-band power estimating
coefficient, which can obtain estimation results near the
high frequency components in the immediately preceding frame,
is selected, and audio can be played more naturally with
high sound quality at the decoding device 40 side.
Convefsely, with a non-constant region of the input signal,
the item for evaluation value ResP(id,J) in the evaluation
value Res,;;(id,J) becomes 0, and a decoded high frequency
signal that is closer to the actual high frequency signal is
obtained.

[0423]

The pseudo high fregquency sub~band power difference
calculating circuit 36 performs the processing above, and
calculates an evaluation value Res, {(id,J) for each of K

decoded high freguency sub-band power estimating
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coefficients.
[0424]

In step $339, the pseudce high freguency sub-band power
difference calculating circuit 36 selects a coefficient
index id, based on the evaluation value Resa;;{(id,J) for each
decoded high frequency sub-band power estimating
coefficients that is found.

[0425]

The evaluation value Res.;n(id,J) obtained with the
processing above linearly combines the evaluation value
Res {id, J) and the evaluation value ﬁes?(id,J), using
weighting. As described above, the smaller the value of the
evaluation value Res(id,J) is, a decoded high frequency
signal can be obtained that is closer to the actual high
frequency signal. 2Also, the smaller the value of the
evaluation value ResP{id,J) is, a decoded high frequency
signal can be obtained that is closer to the decoded high
frequency signal of the immediately preceding frame.

[0426]

Accordingly, the smaller the evaluation value
Resay; (id, ) is, the more proper decoded high fregquency
signal can be obtained. Thus, of the K evaluation values
Resaa{id,J), the pseudo high frequency sub-band power
difference calculating circuit 36 selects an evaluation

value having the smallest value, and supplies the
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coefficient index indicating the decoded high frequency sub-
band power estimating coefficient corresponding to the
evaluation value thereof, to the high freguency encoding
circuit 37.

10427]

Upon the coefficient index having been selected,
subsequently the processing in step S340 and step S341 is
performed and the encoding processing is ended, but the
processing herein is similar to step S308 and step 5308 in
Fig. 24, so description thereof will be omitted.

[0428]

As shown above, with the encoding device 30, the
evaluation value ResSa{id,J) that is obtained by linearly
combining the evaluation value Res({id,J) and the evaluation
value ResPb(id,J) ié used, and an optimal coefficient index
of the decoded high freguency sub-band power estimating
coefficient 1s selected.

[0429]

By using the evaluation value Resgy;; (id,J), similar to
the case of using the evaluation value Res(id,J), a more
proper deccded high frequency sub-band power estimating
coefficient can be selected by more evaluation scales.
Additionally, by using the evaluation value Resa{id, J),
temporal variations in the constant region of the high

frequency components of the signal to be played can be
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suppressed at the decoding device 40 side, and a signal with
greater scund guality can be obtained.

[0430]
<Modification 2>

Now, with the freguency band extending processing, if a
higher sound quality for audio is to be obtained, the more
the sub-bands at the low frequeﬁcy side become important
from the listening perspective. That is to say, of the
various sub-bands on the high frequency side, the higher the
estimating precision of the sub-band nearer the low
frequency side is, the greater is the audio quality that can
be played.

[0431]

Now, in the case that an evaluation value is calculated
for each decoded high frequency sub-band power estimating
coefficient, the sub-bands on the far low frequency side may
be weighted. In such a case, the encoding device 30 in Fig.
18 performs encoding processing shown in the flowchart in
Fig. 26.

[0432]

Encoding processing by the encoding device 30 will be
described below with reference to the flowchart in Fig. 26.
Note that the processing in step 8371 through step 5375 is
similar to the processing in step S331 threough step $335 in

Fig. 25, so description thereof will be omitted.
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[0433]

In step $376, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates an evaluation
value ResWpana{id,J) using a current frame J to be processing,
for each of K decoded high frequency sub-band power
estimating coefficients.

[0434)

Specifically, the pseudo high frequency sub-band power
difference calculating circuit 36 uses the high freguency
sub~band signal of the various sub-band supplied from the
sub-band dividing circuit 33 to perform computation similar
to that in the above-described Expression (1), and
calculates the high fregquency sub-band power, power(ib,J) in
the frame J.

[0435]

Upon the high fregquency sub-band power, power(ib,dJ)
having been obtained, the pseudo high freguency sub-band
power difference calculating circuit 36 calculates the
following Expression (27), and calculates a residual mean
value ResSstaWpana{id,J) .

[0436]

[Expression 27)

b
RestqMhand (10, )= 3 [Woma (ib) X [power (ib, )

ib=sb+1

~powerest (ib, id, J)]}2 - - = 2D
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[0437]

That is te say, for each high frequency side sub-band
wherein the index is sb+1 through eb, the difference between
the high frequency sub-band power, power(ib,J) of the frame
J and the pseudo high frequency sub-band power,
poweres: (1b,14,J) is found, and welghting Weana(ib) for each
sub-band is multiplied by the difference thereof. The
square sum of the difference which is multiplied by the
weighting Weana{ib) becomes the residual mean sguare value
ReSgeaWpand {1d,J) .

[0438]

Now, the weighting Wpama(ib) (wherein sb+l £ ib £ eb) is
defined by the following Expression (28), for example. The
closer to the low frequency side the sub-band is, the
greater the value of the weighting Wyang (ik) becomes.

[0439]

[Expression 28]

wband(ib)=:§-§~‘-~'——9~+4 o)
{0440]

Next, the pseudo high frequency sub-~band pcower
difference calculating circuit 36 calculates the residual
maximum value RespaWpana(id,J). Specifically, the maximum
value of the absclute value of these which have had the

weighting Weana(ib) multiplied by the difference of the high
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frequency sub-band power, power(ib,Jd}, of the various sub-
band wherein the index is sb+l through eb and the pseudo
high freguency sub-band power, poweres (ib,id,J), becomes the
residual maximum value ReSpayWpans(1id,J) .

[0441]

Also, the pseudc high freguency sub-band power
difference calculating circuit 36 calculates the residual
. mean value ReSaveWpanalid, d) .

[0442)

Specifically, for each sub-band wherein the index is
sb+1l through eb, the differences between the high freguency
sub~band power, power (ib,J) and pseudo high frequency sub-
band power, powere{ib,id,J} are found and multiplied by the
welghting Wpana(ib}, and the sum total of differences
multiplied by the weighting Weanc(ib} is found. The absolute
value of the value obtained by dividing the sum total of
differences obtained by the number of sub-bands (eb-sb) at
the high frequency side is the residual mean value
ResaveWpana (1d, J) .

[0443]

Further, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the evaluation
value ResWp.ng{id,J}. That is to say, the sum of the residual
mean square value ResgigWpane{id, J}, residual maximum value

ReSmaxWpana (1d,J) which has been multiplied by the weighting
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Wemax, and the residual mean value Resmmwh§d(id,J) which has
been multiplied by the weighting Waive, is the evaluation
value ResWpang{id,J}.

[0444]

In step S$377, the pseudo high frequency sub-~band power
difference calculating circuit 36 calculates the evaluation
value ResPWpana(id,;J) that uses a past frame and current
frame.

[0445]

Specifically, the pseude high frequency sub-band power
difference calculating circuit 36 records the pseudo high
freguency sub-band power for each sub band, obtained using
the decoded high frequency sub-band power estimating
coefficient of the coefficient index finally selected, for a
frame (J-1) which is temporally one frame preceding the
frame J to be processed,

[0446]

The pseudo high frequency sub-band power difference
calculating circuit 36 first calculates an estimated
residual mean square value ResSPgaWpang(id,J). That is to say,
for each sub-band at the high frequency side wherein the
index is sb+l through eb, the differences between the pseudo
high frequency sub-band power, poweregt(ib, idseiectesid=1},JI~1},
and pseudo high frequency sub-band power, poweres:(ib,id,J),

are found and multiplied by the weighting Weamg(ibk). The
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square sum of the differences multiplied by the weighting
Wpana (1b) is the estimated residual mean square value
ResPsraWpana (1d, I} .

104473

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an estimated
residual maximum value ResSPpaxWpanal{id, J) . Specifically, that
which is the maximum value of the absolute values obtained
by multiplying the weighting Wpans(ib) by the differences
between the pseudo high freguency sub-band power,
pPoWerest (1b, idsetecteq (T~1),I~1) for each sub-band wherein the
index is sb+l thﬂrough eb, and the pseudo high freguency sub-
band power, poweresc(ib,id,Jd), is taken as the estimated
residual maximum value ResPrWeanalid, J).

[0448]

Next, the pseudo high frequency sub-band powexr
difference calculating circuit 36 calculates an estimated
residual mean value ResPayeWpana{id, J). Specifically, the
differences beﬁween the pseudo high frequency sub~band power,
poweres;(ib,idsalecteé(J-l),J-l) for each sub-band wherein the
index is sb+l through eb, and the pseudo high fregquency sub-
band power, poweres:{ib,id,J), are found, and multiplied by
the weighting Wpana{ib). The absclute value of the value
obtained by dividing the sum total of differences that are

multiplied by the weilghting Wpama(ib) by the number of sub-
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bands (eb-sb) at the high frequency side is the estimated
residual mean value ResPaveWpana (1d,J) .
[0449]

Further, the pseudo high frequency sub-band power
difference calculating circuit 36 finds the sum of the
estimated residual mean square value RESéyﬁWhmd(ide),
estimated residual maximum value ResPpagWpana(1d, J) that has
been multiplied by the weighting Wp.x, and estimated residual
mean value ResPayeWpara{id, J) that has been multiplied by the
weighting Wave is taken as the evaluation value
ResPWpane (1d, J) .«

[0450]

In step S378, the pseudo high frequency sub-band power
difference calcunlating circuit 36 adds the evaluation value
ResWrana (1d,J) and the evaluation value ResPWpane(id, Jd) that
has been multiplied by the weighting Wy (J) in Expression
(25), and calculates a final evaluation value
Resz11Wrane (1d,J) . The evaluation value ResSai:Weana{id, J) herein
is calculated for each of K decoded high frequency sub-band
power estimating coefficients.

[0431]

Subsequently, the processing in step 8379 through step
S381 is performed and the encoding processing is ended, but
the processing herein is similar to the processing in step

$339 through step S341 in Fig. 25, so description thereof
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will be omitted. Note that in step S379, of the K
coefficient indices, that which has the smallest evaluation
value Res.1;Wpans{1d,J) is selected.

[0452]

Thus, each sub-band is weighted so that the weighting

will be placed farther towards a sub-band at the low band
'side, whereby audio with higher sound guality can be
obtained at the decoding device 40 side.

[0453]

Note that with the above description, selection of the
decoded high frequency sub-band power estimating coefficient
is performed based on the evaluation value Res.1iWeapalid,d),
but the decoded high frequency sub-band power estimating
coefficient may be selected based on the evaluation value
ResWyang (1d,J) .

[0454]
<Modification 3>

Further, human hearing has a nature to better sense a
frequency band when the amplitude {power) of the freguency
band is large, so the evaluation value may be calculated for
each decoded high frequency sub-band power estimating
coefficient such that the weighting is placed on a sub-band
having greater power.

[0455]

In such a case, the encoding device 30 in ¥Fig. 18
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performs the encoding processing shown in the flowchart in
Fig. 27. The encoding processing with the encoding device

30 will be described below with reference to the flowchart

in Fig. 27. Note that the processing in step S401 through
step 5405 is similar to the processing in step S331 through
step 8335 in Fig. 25, so description thereof will be omitted.
[0456]

In step 8406, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an evaluation
value ResWpower (1d,J) which uses the current frame J that is
subject to processing, for each of K decoded high frequency
sub-band power estimating coefficients.

[0457]

Specifically, the pseudo high frequency sub~band power
difference calculating circuit 36 uses a high frequency sub-
band signal for each sub-band supplied from the sub-band
dividing circuit 33 to perform computation siﬁilar to the
above-described Expression (1), and calculates the high
frequency sub-~band power, power(ib,J}, in frame J.

[0458]

Upon the high freguency sub-band power, power(ib,J},
having been obtained, the pseudo high frequency sub-band
power difference calculating circult 36 calculates the
following Expression {29), and calculates a residual mean

square value ReSseaWpower (1d,J) .



- 138 -

5P248477
[0459]
[Expression 29]
Resstq Wpower (id, J) = %_‘ {WQower (power (ib, J))
ib=sb+1
X {power (ib, J) —powerest (ib, id, J)}}?
« = = (29)

[0460]

That is to say, the differences between the high
freqguency sub-~band power, power(ib,J), and the pseudo high
frequency sub~band power, powerest(ib,id,J), for each sub-
band at the high fregquency side wherein the index is sb+l
through eb, are found, and a weighting Wgewer (Power{ib,J)) for
each sub-~band is multiplied by these differences. The
sgquare sum of the differences multiplied by weighting
Wpower (power {(ib, J)) is the residual mean square value
ReSgeaWpower (1d,J) .

[0461]

Now, the weighting Wegwer (POwer (ib, J)) (where sb+l £ ib £
eb) is defined by the following expression (30), for example.
The value of the weighting Wpower (power (ib,J)) increases as
the high frequency sub~band power, power{ib,J) of the sub-
band therecf increases.

[0462]

[Expression 30]
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3 Xpower (ib, J) + 35

Woower (power (ib, J)) = 80 3

-« - (30)

[0463]

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates a residual
maximum value ReSpaxWpower (1d,J). Specifically, that which is
the maximum value of the absolute values obtained by
multiplying weighting Wpewer (Dower {ib, J)) by the differences
between the high frequency sub-band power, power{ib,J) for
each sub-band wherein the index is sb+l through eb, and the
pseudo high frequency sub~band power, poweres (ib,id,J), is
the residual maximum value ResSgaWpayer (id,JT) .
 [0464]

Also, the pseudo high f£requency sub-band power
difference calculating circuit 36 calculates a residual mean
value ReSaveWpower (1d,J).

[0465]

Specifically, the differences between the high
frequency sub-band power, power{ib,J) for each sub-band
wherein the index is sb+l through eb, and the pseudo high
fregquency sub~band power, poweres. {ib,id,J), are found, and
multiplied by the weighting Wpower (power (ib,J}), and the sum
total of the differences multiplied by the weighting
Woower (POWer {ib,J)) 1s found. The absolute value of the value

obtained by dividing the obtained sum total of differences
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by the number of sub-bands (eb-sb) at the high frecuency
side is the residual mean value ResSaveWpower (1d,J) .
[0466]

Further, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the evaluation
value ResWpewer(1d,J). That is to say, the sum of the
residual mean square value ResSseaWpower (1d,J), residual maximum
value RespsuxWpower (1d,J} which has been multiplied by the
welghting Wgax, and the residual mean value ReSuyeWpower (1d,J)
which has been multiplied by the weighting Waiwe, is the
evaluation value-Reszmn(id,J).

[0467)

In step 5407, the pseudo high freguency sub-~band power
difference calculating circuit 36 calculates an evaluation
value ResPWpewer{id,J) that uses a past frame and current
frame.

[0468]

Specifically, the pseudo high frequency sub~band power
difference calculating circuit 36 records pseudo high
freguency sub-band power for each sub-band, obtained using
the decoded high frequency sub-band power estimating
coefficient of the coefficient index finally selected, for
the frame ({J-1) that is temporally one frame prior to the
frame J to be processed.

{0468]
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The pseudo high frequency sub-band power difference
calculating circuit 36 first calculates an estimated
residual mean sguare value ResPscaWoower (1d,J). That is to say,
for each sub-band at the high frequency side wherein the
index is sb+l through eb, the differences between the pseudo
high frequency sub-band power, powerest{ib, idselected(J~1},T-1),
and pseudo high freguency sub-band power, poweres:(ib,id,J),
are found and multiplied by the weighting Wpewer (power (ib,J) ).
The sguare sum of the differences multiplied by the
welghting Wpower (power {ib,J)) is the estimated residual mean
séuare value ResPsraWpower (1d,J) .

(0470]

Next, the pseudo high freqguency sub-band powex
difference calculating circuit 36 calculates an estimated
residual maximum value ResPraxWpewer (1d,J). Specifically, that
which is the absolute value of the maximum value of the
differences between the pseudo high frequency sub-band power,
poWeres: {ib, idsetectea {I~1} ,T~1) for each sub-band wherein the
index is sb+l through eb, and the pseudo high freguency sub-
band power, powerest{ib,id,J), multiplied by the weighting
Woower (POWeT (ib,J) )}, is the estimated residual maximum value
ReSPpaxflpower (1d, J) .

[0471]
Next, the pseude high freguency sub-band power

difference calculating circuit 36 calculates an estimated
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residual mean value ResPaveWpower (1d,J) . Specifically, the
differences between the pseudo high freguency sub-band power,
powerssy (ib, idseiectea (J=1) ,J~1} for each sub-band wherxein the
index is sb+l through eb, and the pseudo high freguency sub-
band power, poweresy{ib,id,J), are found, and multiplied by
the weighting Wpower {power (ib,J)). The absolute value of the
value obtained by dividing the sum total of differences that
are multiplied by the weighting Wpower (power (ib,J)) by the
number of sub-bands (eb-sb) at the high freguency side is
the estimated residual mean value ResPaveWpower (1d,J).

[0472]

Further, the pseudo high frequency sub-band power
difference calculating circuit 36 finds the sum of the
estimated residual mean sqguare value ResPsraWpower (1d,J),
estimated residual maximum value ResPpaxWpower (1d,J) that has
been multiplied by the weighting Wpasx, and estimated residual
mean value ResPaveWpower {1d,J) that has been multiplied by the
weighting Wave, and takes this as evaluation value
ResWeower {1, J) .

{0473]

In step $408, the pseude high freguency sub-band power
difference calculating circuit 36 adds the evaluation value
ResWpower (1d,J) and the evaluation value ResPWgower(id,J) that
has been multiplied by the weighting Wy{J) in Expression

{25), and calculates a final evaluation value
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ResanWpower (1d,J) . The evaluation value ResaiiWpower (1d,J)
herein is calculated for each of K decoded high frequency
sub~band power estimating coefficients.

[0474]

Subsequently, the processing in step 5409 through step
S411 is performed and the encoding processing is ended, but
the processing herein is similar toc the processing in step
5339 through step S$341 in Fig. 25, so description thereof
will be omitted. Note that in step $403, of the X
coefficient indices, that which has the smallest evaluation
value ResaiiWpewer (1d,J) is selected.

[0475]

Thus, so that the weighting will be placed farther on a
sub-band having greater power, each sub-~band is weightéd,
whereby audio with higher sound guality can be obtained at
the decoding device 40 side.

[0476]

Note that with the above description, selection of the
decoded high frequency sub-band power estimating coefficient
is performed based on the evaluation value Resa.nWpower (14,J),
but the decoded high freguency sub-band power estimating
coefficient may be selected based on the evaluation value
ResWoover (id, J) .

[0477)

<6. Sixth Embodiment>



- 165 -
SP248477

[Configuration of Coefficient Learning Device]

Now, a set of coefficient Aiplkb) and coefficient By
serving as the decoded high frequency sub-band power
estimating coefficients is correlated to the coefficient
index and recorded in the decoding device 40 in Fig. 20.

For example, upon the decoded high freguency sub-band power
estimating coefficients of 128 coefficient indices having
been recorded at the decoding device 40, a large region is
needed as the recording region for memory that records these
decoded high frequency sub-band power estimating
coefficients and the like.

[0478]

Thus, a portion of several decoded high fregquency sub-
band power estimating coefficients may be caused to be
shared coefficients, and the recording region necessary for
recording the decoded high frequency sub-band power
estimating coefficients may be made smaller. 1In such a case,
the coefficient learning device that finds decoded high
frequency sub-band power estimating coefficients by learning
is configured as shown in Fig. 28, for example.

[0472]

The coefficient learning device 81 is made up of a sub-
band dividing circuit 21, high frequency sub-band power
calculating circuit 92, feature amount calculating circuit

83, and coefficient estimating circuit 94.
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[0480]

Multiple pieces of tune data or the like used for
learning is supplied to the coefficient learning device 81
as wide band teacher signals. A wide band teacher signal is
a signal that includes multiple high freguency sub-band
compenents and multiple low frequency sub-band components.
[o48l}

The sub-band dividing circuit 91 is made up of a
bandpass filter or the like, divides the supplied wide band
teacher signal into multiple sub-band signals, and supplies
these to the high frequency sub-band power calculating
circuit 92 and feature amount calculating circuit 93.
Specifically, the high freguency sub-band signal of each
sub~band at the high freguency side wherein the index is
sb+1l through eb is supplied to the high frequency sub-band
power calculating circuit 22, and the low freguency sub-band
signal of each sub-band at the low frequency side wherein
the index is sb-3 through sb is supplied to the feature
amount calculating circuit 23.

[0482]

The high frequency sub-band power calculating circuit
92 calculates the high freguency sub-band power of the
various high frequency sub-band signals supplied from the
sub~pand dividing circuit 91, and supplies this to the

coefficient estimating circuit 94. The feature amount
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calculating circuit 93 calculates the low frequency sub-band
power as a feature aﬁéuht, based on the various low
freguency sub-band signals supplied from the sub-band
dividing circuit 91, and supplies this to the coefficient
estimating circuilt 94.

[0483]

The coefficlent estimating circuit 94 generates a
decoded high freguency sub-band power estimating coefficient
by using the high freguency sub-band power from the high
frequency sub-band power calculating circuit 92 and the
feature amount from the feature amount calculating circuit
93 to perform regression analysis, and outputs this to the
decoding device 40.

[0484]
[Description of Ceoefficient Learning Processing]

Next, the ccefficient learning processing performed by
the ceoefficient learning device 81 will be described with
reference to the flowchart in Fig. 29.

[0485]

In step S431, the sub-band dividing circuit 81 divides
gach of the multiple supplied wide band teacher signals into
multiple sub-band signals. The sub~band dividing circuit 91
supplies the high frequency sub-band signal of the sub-band
wherein the index is sb+l through eb to the high freguency

sub~band power calculating circuit 92, and supplies the low
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freguency sub-band signal of the sub-band wherein the index
is sb~3 through sb to the feature amount calculating circuit
83.

(04867

In step S$432, the high frequency sub-band power
calculating circuit 92 performs computation similar to the
above-described Expression (1) and calculates the high
frequency sub-band power for the various high frequency sub-
band signals supplied from the sub-band dividing circuit 91,
and supplies these to the coefficient estimating circuit 94.
[0487)

In step $433, the feature amount calculating circuit 93
performs computation similar to the above~described
Expression (1) and calculates the low freguency sub-band
powexr as a feature amount for the various low frequency sub-
band signals supplied from the sub-band dividing circuit 81,
and supplies these to the coefficient estimating circuit 24.
[048B8]

Thus, high frequency sub-band power and low freguency
sub~band power are supplied to the coefficient estimating
circuit 94 for the various frames of the multiple wide band
teacher signals.

[0488]
In step 85434, the coefficient estimating circuit 94

performs regression analysis using a least sguare method,
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and éalculafes the coefficient Ay (kb)) and coefficient By
for each high freguency side sub-band ib {(where sb+l < ib <
eb) wherein the index is sb+l through eb.

[0480]

Note that with regression analysis, the low fregquency
sub~band power supplied from thé feature amount calculating
circuit 93 is an explanatory variable, and the high
freguency sub-band power supplied from the high freguency
sub~band power calculating circuit 22 is an explained
variable. Also, regression analysis is performed using low
frequency sub-band power and high frequency sub-band power
for all of the frames, which make up all of the wide band
teacher signals supplied to the coefficient learning device
81.

[0491]

In step S435, the coefficient estimating circuit %4
uses the coefficient As;p{kb) and coefficient By, found for
each sub-band ib to find the residual vector for each frame
of the wide band teacher signal.

10492}

For example, the coefficient estimating circuit %4
subtracts the sum of the sum total of the low freguency sub-
band power, powexr(kb,J}, which has been multiplied by the
coefficient B;y{kb) (where sb-3 < kb £ sb), and the

coefficient Bip, from the high freguency sub-band power,
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power (ib, J), for each sub-band ib({where sb+l £ ib < eb) of
frame J, and obtains the residual. The vector made up of
the residuals of each sub-~band ib of the frame J is the
residual vector.

[0493]

Note that the residual vector is calculated for all of
the frames which make up all of the wide band teacher signal
supplied to the coefficient learning device 81.

[0494]

In step 8436, the coefficient estimating circuit 94
normalizes the residual vectors found of the various frames.
For example, the coefficient estimating circuit 24
normalizes the residual vector by finding the dispersion
value of the residual of the sub-band ib of the residual
vectors for all frames, and divides the residual of the sub-
band ib of the variocus residual vectors by the square root
of the dispersion value for each sub-band.

[0495]

In step S437, the coefficient estimating circuit 94
clusters the residual vectors for all of the normalized
frames by k-means or the like.

[0496]

For example, an average frequency envelope for all

frames, obtained when estimation of the high frequency sub-

band power is performed using the coefficient A;n(kb) and
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coefficient Bi,, is called an average Irequency envelope SA.
Also, we will say that a predetermined freguency envelope
having greater power than the average frequency envelope SA
is a freqdency enveloped SH, and that a predetermined
frequency envelope having lower power than the average
freguency envelope SA is a frequency enveloped SL.

[0497)

At this time, residual vector clustering is performed
so that each of the residual vectors of the coefficients,
for which a frequency envelcpe near the average frequency
envelope SA, frequency envelope SH, and frequency envelope
SL is obtained, belong to a cluster CA, cluster CH, and
cluster CL, respectively. In other words, clustering is
performed so that the residual vector for each frame belongs
to one of the cluster CA, cluster CH, or cluster CL.

[0498]

With the frequency band extending processing that
estimates the high frequency components based on the
correlation between the low frequency components and high
frequency components, upon calculating the residual vector
using the coefficient A (kb) and coefficient By, obtained
with the regression analysis, the farther the sub-band is
towards the high frequency side, the greater the residual
becomes, from the characteristics thereof. Therefores, if

the residual vector is clustered without change, a greater
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weighting is placed on sub-bands farther on the high
frequency side, and processing is performed.
[0458]

Conversely, with the coefficient learning device 81, by
normaiizing the residual vector with the dispersion value of
the residual value for each sub-band, the dispersion of the
residuals of each sub-band at first glance are egual, and
clustering is performed by weighting the various sub-bands
equally.

[0500]

In step S438, the coefficient estimating circuit 24
selects one of the clusters of the cluster CA, cluster CH,
or cluster CL, as a cluster to be processed.

[0501}

In step 8439, the coefficient estimating circuit 94
uses the frame of the residual vector belonging to the
cluster selected as the cluster to be processed, to
calculate the coefficient A;p{kb} and coefficient By of the
various sub-bands ib (where $b+1 < ib £ eb), with regression
analysis.

[0502]

That is to say, 1f we say that the frame of the
residual vector belonging to the cluster to be processed is
called a frame to be processed, the low frequency sub-band

power and high freguency sub-band power for zll of the
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frames to be processed are then explanatory variables and
explained variables, and regression analysis using a least
square method is performed. Thus, a coefficient Aj (kb)) and
coefficient Biy, is obtained for each sub-band ib.

[0503]

In step 5440, the coefficient estimating circuit %4
uses the coefficient Aj;(kb) and coefficient B;, obtained
with the processing in step S439 for all of the frames to be
processed, and finds the residual vector. Note that in step
5440, processing similar to that in step S435 is performed,
and the residual vectors for the various frames to be
processed is found.

[(0504]

In step S441, the coefficient estimating circuit 24
normalizes the residual vectors of the various frames to be
processed that are obtained in the processing in step 5440,
by performing similar processing as that in step $436. That
is to say, the residual is divided by the square zoot of the
dispersion value and normalizing of residual vectors is
performed by each sub-band.

[0505]

In step S442, the coefficient estimating circuit 94
clusters the residual vectors for all of the frames tc be
processed that have been normalized, by k-means cr the like.

The number of clusters here is defined as follows. For
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example, at the coefficient learning device 81, in the case
of generating 128 coefficient index decoded high frequency
sub-band power estimating coefficients, the number of frames
to be processed is multiplied by 128, and the number
obtained by dividing this by the number of all frames is the
number of clusters. Now, the number of all frames is the
total number of a2ll frames of all of the wide band teacher
signals supplied to the coefficient learning device 81.
[0506)]

In step S443, the coefficient estimating circuit 94
finds a center-of-gravity vector for the various clusters
obtained with the processing in step 8442.

[0507]

For example, a cluster obtained by clustering in step
S442 corresponds to the coefficient index, and at the
coefficient learning device 81, a coefficient index is
assigned to each cluster, and the decoded high freguency
sub-band power estimating coefficient of each coefficient
index is found.

[0508]

Specifically, let us say that in step S438 the cluster
CA is selected as the cluster to be processed, and in step
3442 ¥ number of clusters are obtained by the clustering in
step S5442. Now, if we focus on one cluster CF out of F

clusters, the number of decoded high frequency sub-band
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power estimating coefficients of the coefficient index of
cluster CF is set as the coefficient A;p{kb) which is a
linear correlation item of coefficient Ai{ib}) found for the
cluster CA in step $43%9. Also, the sum of the vector
performing reverse processing of the normalization {reverse
normalization) performed in step 5441 as to the center-of-
gravity vector of the cluster CF found in step S443 and the
coefficient Bjp found in step 8438 is the coefficient Bjp
which is a constant item of the decoded high frequency sub-
band power estimating coefficient. The reverse normalizing
here is, in the case that the normalizing performed in step
$441 divides the residual with the sguare root of the

~ dispersion value for each sub-band, for example, processing
that multiplies the same value as the time of normalizing
(square root of dispersion value for each sub-band) the
elem@ﬁts of the center-of-gravity vector of the cluster CF.
[0509]

That is to say, the set of the coefficient Ay {kb)
obtained in step 5439% and the coefficient By found as
described above becomes the estimated coefficient of the
decoded high frequency sub-band power of the coefficient
index of the cluster CF. Accordingly, each of the F number
of clusters obtained by clustering have a shared coefficient
A;n{kb) found for the cluster CA, as a linear correlation

item of the decoded high fregquency sub-band power estimating
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coefficient.
[0510]

In step S444, the coefficient learning device 81
determines whether or not all of the clusters of cluster CA,
cluster CH, and cluster CL have been processed as clusters
£o be processed. In step 8444, in the case determination is
made that not yet all clusters have been processed, the
processing returns to step S$438, and the above~describ§d
processing is repeated. That is to say, the next cluster is
selected as that to be processed, and a decoded high
frequency sub-band power estimating coefficient is
calculated. |
[0511]

Conversely, in step S444, in the case determination is
made that all clusters have been processed, a predetermined
number of decoded high frequency sub-band power estimating
coefficients to be found are obtained, whereby the
processing is advanced to step 35445.

[0512]

In step 5445, the coefficient estimating circuit %4
outputs the found coefficient index and decoded high
freguency sub-band power estimating coefficient to the
decoding device 40 and causes this to be recorded, and the

coefficlent learning processing is ended.

[0513]
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For example, of the decoded high frequency sub-band
power estimating coefficients output to the decoding device
40, several have the same coefficient A;,{kb) as the linear
correlation item. Thus, as to the coefficient Ain{kb) which
these share, the coefficient learning device Bl corresponds
a linear correlation item index (pointer) which is
information identifying the coefficient A;u,{kb) thereof, and
as to the ceoefficient index, corresponds the linear
correlation item index and coefficient Biy, which is a
constant item.

{05141}

The coefficient learning device 81 supplies the
correspending linear correlation item index ({pointer) and
coefficient Asn (kb)) and the corresponding coefficient index
and linear correlation item index (pointer) and coefficient
Bir to the decoding device 40, and records this in the memory
within the high freguency decoding circuit 45 of the
decoding device 40. Thus, in recording multiple decoded
high freguency sub-band power estimating coefficients,
regarding shared linear correlation items, if a lineax
correlation item index (pointer) is stored in the recording
region for the various decoded high fregquency sub-band power
estimating coefficients, the recording region can be kept
considerably smaller.

{0515]
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In this case, the linear correlation item index and
coefficient Ajp{kb} are correlated and recorded in the memory
within the high frequency deceding circuit 45, whereby the
linear correlation item index and coefficient Biy can be
obtained from the coefficient index, and further the
coefficient A (kb)) can be obtained from the linear
correiétion item index.

[0516]

Note that as a result of analysis by the present
applicant, we can see that even if three patterns or so of
the linear correlation items of the multiple decoded high
frequency sub-band power estimating coefficients are shared,
there is very little sound quality deterioration from a
listening perspective of audio subjected to fregquency band
extending processing. BAccordingly, according to the
coéfficient learning device 81, sound guality of the vocals
after the frequency band extending processing is not
deteriorated, and a recording region necessary for recording
the decoded high frequency sub-band power estimating
coefficient can be smaller.

[0517]

As shown above, the coefficient learning device 81
generates and outputs the decoded high freguency sub-band
power estimating coefficient of each ccefficient index from

the supplied wide band teacher signal.
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{0518}

Note that the cocefficient learning processing in Fig.
2% is described as normalizing a residual vector, but in one
or both cf step 5436 or step 5441, normalizing the residual
vector do not have to be performed.

[05189]

Also, an arrangement may be made wherein normalizing
the residual vector is performed, and sharing of the linear
correlation items of the decoded high frequency sub-band
power estimating coefficient is not performed. In such a
case, after the normalizing processing in step 85436, the
normalized residual vector is clustered into the same number
of clusters as the number of decoded high frequency sub-band
power estimating coefficients to be found. Frames of the
residual vectors belonging to the variocus clusters are used,
regression analysis is performed for each cluster, and
decoded high frequency sub-bkand power estimating
coefficients are generated for the wvarious clusters.

[0520)

The series ©f processing described above can be
executed with hardware or can be executed with software. 1In
the case of executing the series of processing with software,
a program making up the software thereof is installed from a
program recording medium into a computer that has built-in

dedicated hardware or a general-use personal computer or the
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like, for example, that can execute various types of
functions by various types of programs being installed.
[0521]

Fig. 30 is a block diagram showing a configuration
example of hardware of the computer that executes the above-
described series of processing with a program.

[0522]

In the computer, a CPU 101, ROM (Read Only Memory) 102,
and RAM (Random Access Memcry) 103 are mutually connected by
a bus 104.

[0523)

An input/output interface 105 is further connected to
the bus 104. An input unit 106 made up of a keyboard, mouse,
microphone or the like, an ocutput unit 107 made up of a
display, speaker or the like, a storage unit 108 made up of
a hard disk or non-volatile memory or the like, a
communication unit 109 made up of a network interface or the
like, and a drive 110 for driving a removable media 111 such
as magnetic disc, optical disc, magneto-optical disc, or
semiconductor memory or the like, are connected to the
input/output interface 105.

[0524]

With a computer configured as described abeve, for

example, the CPU 101 loads the program stored in the storage

unit 108 to the RAM 103, via the input/output interface 105
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and bus 104, and executes this, whereby the seriesiof the
above-described processing is performed.
[0525]

The program that the computer (CPU 101) executeéAis
recorded in removable media 111 which is package media made
up of a magnetic disc (including flexible diéé}; épﬁical
disc (CD-ROM (Compact Disc - Read Cnly Memory),'DVD (Digital
Versatile Disc) or the like), magneto-optical disc,.or semi-
conductor memory or the like, for ekample, or is prdvided
via a cable or wireless transmission medium such as:a local
area network, the Internet, or digital satellite broadcast.
[0526]

The program is installed in the storage unit 108 via
the input/output interface 105, by mguﬁting the ;emovable
media 111 on the drive 110; Also, the program can be
received with the communication unit 109 via a cable or
wireless transmission medium, and installed in the storage
unit 108. Additionally, the program can be installed
beforehand in the ROM 102 or storage unit 108.

[0527]

Note that the program that the computer executes may be
a program that performs processing in a time-series manner
in the order described in the present Specification, or may
be a program wherein processing is performed in parallel, or

at necessary timing such as when called up, or the like.
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Note that the embodiments of the present invention are

net restricted to the above-described embodiments, and

- various modifications may be made within the essence of the

‘ present invention.

Reference Signs List

[0529]
10
11
12
13,
14
15
16
17
18
20
21,
22
23
24
30
31
32

33

frequency band extending device

low-pass filter

delay circuit

13-1 through 13-N bandpass filter
feature amount calculating circuit

high frequency sub-band power estimating circuit
high freqﬁency signal geﬁerating circuit
high-pass filtef

signal adding unit

coefficient learning‘device

21~1 through 21-{K+N) bandpass filter

high frequency sub-band pcwér calculating circuit

. feature amount calculating circuit

“coefficient estimating clrcuit

encoding device
low-pass filter
low freqguency encoding circuit

sub-band dividing circuit
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34 feature amount Calculating circuit
 35 pseudé'high'frequency sub~band power calcﬁlating
circuit h
35 éseudo high frequency sub-band power difference
calculating circuit
37 high frequency encoding circuit
38 multiplexing circuit
40 decoding device
41 demultiplexing circuit
42 low freguency decoding circuit
43 sub~band dividing circuit
44 feature amount calculating circuit
45 high freguency decoding circuit
46 deccded high frequency sub-bagd power calculating
circuit
47 decoded high freguency Signal generating circuit
48 synthesizing circuit
50 cocefficient learning device
531 low-pass filter-
52 sub-band dividing circuit
53 feature amount calculating circuit
54 pseudo high frequency sub-band power calculating
circuit
55 pseudo high frequency-sub—band power difference

calculating circuit
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56 'péegdo high frequéncy sub-band power~&ifference

clustering circuit

57 coefficient estimating circuit

101
102
103
104
105
106
107

108

CPU

ROM

RAM

BUS

INPUT/OUTPUT INTERFACE
INPUT UNIT

QUTPUT UNIT

STORAGE UNIT
COMMUNICATION UNIT
DRIVE |

REMOVABLE MEDIA
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1. A frequency band extending device comprising:

signal dividing means configured to divide an input
signal into a plurality of sub-band signals;

feature amount calculating means configured to
calculate a feature amount which expresses a feature of
said input signal using at least one of said plurality of
gub-band signals divided by said signal dividing means
and said input signal;

high frequency sub-band power estimating means
configured to calculate an estimated value of a high
frequency sub-band power that is the power of a sub-band
signal having a higher freguency band than said input
signal based on said feature amount calculated by said
feature amount calculating means; and

high frequency signal component generating means
configured to generate a high frequency signal component
based on said plurality of sub-band signals divided by
said sgignal dividing means and the estimated wvalue of
said high freguency sub-band power calculated by said
high frequency sub-band power estimating means;

wherein the frequency band of said input‘signal is
extended wusing said high frequency signal component
generated by said high fregquency signal component
generating means, and

wherein said high frequency sub-band power
estimating means calculates an estimated value of said
high frequency sub-band power based on said feature

amount and a coefficient for each high frequency sub-band
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obtained beforehand by learning.

2. The frequency band extending device according to
Claim 1, wherein said feature amount calculating means
calculates a low frequency sub-band power that is a power
of said plurality of sub-band signals as said feature

amount .

3. The frequency band extending device according to
Claim 1, wherein said feature amount calculating means
calculates a temporal variation of a low frequency sub-
band power that is a power of said plurality of sub-band

signals as said feature amount.

4. The frequency band extending device according to
Claim 1, wherein said feature amount calculating means
calculates a difference between the maximum and minimum
powers in a predetermined frequency band of said input

signal as said feature amount.

5. The frequency band extending device according to
Claim 1, wherein said feature amount calculating means
calculates a temporal variation of difference between the
maximum value and minimum value of ©power in a
predetermined frequency band of said input signal as said

feature amount.
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6. The frequency band extending device according to
Claim 1, wherein said feature amount calculating means
calculates the glope of a power in a predetermined
frequency band of said input signal as said feature

amount.

7. The frequency band extending device according to
Claim 1, wherein saild feature amount calculating means
calculates a temporal variation of the slope of a power
in a predetermined frequency band of said input signal as

said feature amount.

8. The frequency band extending device according to
Claim 1, wherein said coefficient for each high frequency
sub-band 1s generated by performing clustering of a
residual vector of said high frequency signal component
calculated with the coefficient for each high frequency

sub-band obtained by regression anmalysis with a
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plurality of teacher signals and performing regression
analysis for each cluster obtained by said clustering

using said teacher gignals belonging to said cluster.

9. The freguency band extending device according to
Claim 8, wherein said residual vector is normalized with
the dispersion value of each component of a plurality of
said residual vectors and said vector after normalization

ig subjected to clustering.

10. The frequency band extending device according to
Claim 8, wherein said lhigh fregquency sub-band power
estimating means calculates an estimated value of said
high frequency sub-band power based on said feature
amount and the coefficient and constant for each of said
high frequency sub-bands;

and wherein said constant 1s calculated from a
center-of-gravity vector for said new clusters obtained
by further calculating said residual wvector using the
coefficient for each high frequency sub-band obtained by
regression analysis with said teacher signals belonging
to said cluster and performing clustering of said

residual vector thereof to a plurality of new clusters.

11. The fregquency band extending device according to
Claim 10, whereinh gaid high fregquency sub-band power

estimating means records the coefficient for each of said



- 189 -~
high frequency sub-bands and a pointer determines the
coefficient for said each high frequency sub-band in a
correlated manner and also records a plurality of sets of
said pointer and said constant, wherein some of the
plurality of said sets include a pointer having a same

value.

12. The frequency band extending device according to
Claim 1, wherein said high frequency signal generating
means generates said high frequency signal component from
a low frequency sub-band power that is a power of said
plurality of sub-band signals and an estimated value of

said high frequency sub-band power.

13. A frequency band extending method comprising:

a signal dividing step arranged to divide an input
signal into a plurality of sub-band signals;

a feature amount calculating step arranged to
calculate a feature amount which expresses a feature of
said input signal using at least one of said plurality of
sub-band signals divided by the processing in said signal
dividing step and said input signal;

a high frequency sub-band power estimating step
arranged to calculate an estimated wvalue of a high
frequency sub-band power that is the power of a sub-band
signal having a higher frequency band than said input
signal based on said feature amount calculated by the

processing in said feature amount calculating step; and
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a high frequency signal component generating step
arranged to generate a high fregquency signal component
based on said plurality of sub-band signals divided by
the processing in said signal dividing step and the
estimated value of said high freguency sub-band power
calculated by the processing in said high frequency sub-
band power estimating step;

wherein the frequency band of said input signal is
extended using said high frequency signal component
generated by the processing in said high frequency signal
component generating step, and

wherein said high frequency sub-band power
egtimating step calculates an estimated wvalue of said
high freguency sub-band power based on sald feature
amount and a coefficient for each high frequency sub-band

obtained beforehand by learning.

14. A program comprising:

a signal dividing step arranged to divide an input
signal into a plurality of sub-band signals;

a feature amount calculating step arranged to
calculate a feature amount which expresses a feature of
said input signal using at least one of said plurality of
sub-band signals divided by the processing in said signal
dividing step and said input signal;

a high frequency sub-band power estimating step
arranged to calculate an estimated value of a high
frequency sub-band power that is the power of a sub-band

signal having a higher frequency band than said input
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signal based on said feature amount calculated by the
processing in said feature amount calculating step; and

a high fregquency signal component generating step
arranged to generate a high frequency signal component
based on said plurality of sub-band signals divided by
the processing in said signal dividing step and the
estimated value of said high frequency sub-band power
calculated by the processing in said high frequency sub-
band power estimating step;

wherein a computer executes processing for
extending the freguency band of said input signal using
said high frequency signal component generated by the
procegsing in said high frequency signal component
generating step, and

wherein said high frequency sub-band power
egtimating step calculates an estimated value of said
high frequency sub-band power based on said feature
amount and a coefficient for each high frequency sub-band

obtained beforehand by learning.

15. An encoding device comprising:

sub-band dividing means configured to divide an
input signal into a plurality of sub-bands and to
generate a low frequency sub-band signal made up of a
plurality of sub-bands at a low freguency side and a high
frequency sub-band signal made up of a plurality of sub-
bands at a high frequency side;

feature amount calculating means configured to

calculate feature amount that expresses a feature of gaid
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input gignal using at least one of said low frequency
sub-band signal generated by said sub-band dividing means
and said input signal;

pseudo high frequency sub-band power calculating
means configured to calculate a pseudo high £freguency
sub~band power that 1s a pseudo power of said high
frequency sub-band signal based on said feature amount
calculated by said feature amount calculating means;

pseudo high freguency sub-band power difference
calculating means configured to calculate a high
frequency sub-band power that 1s the power of said high
frequency sub-band signal from said high frequency sub-
band signal generated by said sub-band dividing means and
to calculate pseudo high frequency sub-band power
difference that is difference as to sald pseudo high
frequency sub-band power calculated by said pseudo high
frequency sub-band power calculating means;

high frequency encoding means configured to encode
said pseudo high frequency sub-band power difference
calculated by said pseudo high frequency sub-band power
difference calculating means to generate high frequency
encoded data;

low frequency encoding means configured to encode a
low freguency signal that is a low frequency signal of
said input signal to generate low frequency encoded data;
and

multiplexing means configured to multiplex said low
frequency encoded data generated by said low freguency
encoding means and said high frequency encoded data

generated by said high frequency encoding means to obtain



- 193 -

an output code string,

wherein said pseudo high fregquency sub-band power
difference calculating means calculates an evaluated
value based on said pseudo high frequency sub-band power
of each sub-band and said high freguency sub-band power
for every plurality of coefficients for calculating said
pseudo high frequency sub-band power; and

wherein said high frequency encoding means generates
an index indicating said coefficient of said evaluated
value that is the highest evaluated value as said high

frequency encoded data.

16. The encoding device according to Claim 15, further
comprising:

low frequenéy decoding means configured to decode
said low frequency encoded data generated by said low
frequency encoding means to generate a low frequency
signal;

wherein said sub-band dividing means Jenerates said
low freguency sub-band signal from said low frequency

signal generated by said low frequency decoding means.

17. The encoding device according to Claim 16, wherein
said high frequency encoding means calculates similarity
between gaid pseudo high frequency sub-band power
difference and a representative vector or representative
value in predetermined plurality of pseudo high frequency

sub-band power difference space to generate an index
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corresponding to a representative vector or
representative value of which the similarity 4is the

maximum as sald high frequency encoded data.

18. The encoding device according to Claim 15, wherein
said pseudo high fregquency sub-band power difference
calculating means calculates said evaluated value based
on at least any of sum of squares of said pseudo high
frequency sub-band power difference of each sub-band Ehe
maximum value of the absolute wvalue of said pseudo high
frequency sub-band power of said sub-band or the mean
value of saild pseudo high frequency sub-band power

difference of each sub-band.
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13. The encoding device according to Claim 18, wherein
said pseudo high frequency sub-band power difference
calculating means calculates said evaluated wvalue based
on said pseudo high frequency sub-band power difference

of different frames.

20. The encoding device according to Claim 18, wherein
said pseudo high frequency sub-band power difference
calculating means calculates said evaluated wvalue using
sald pseudo high frequency sub-band power difference
multiplied by weight that is weight for each sub-band
such that the lower frequency side the sub-band is, the

greater weight thereof is.

21. The encoding device according to Claim 18, wherein
said pseudo high frequency sub-band power difference
calculating means calculates said evaluated value using
said pseudo high frequency sub-band power difference
multiplied by weight that is weight for each sub-band
such that the greater said high frequency sub-band power
of the sub-band is, the greater weight thereof is.

22. An encoding method comprising:
a sub-band dividing step arranged to divide an input
signal into a plurality of sub-bands and to generate a

low freguency sub-band signal made up of a plurality of
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sub-bands at a low frequency side and a high frequency
sub-band signal made up of a plurality of sub-bands at a
high freguency side;

a feature amount calculating step arranged to
calculate feature amount that expresses a feature of saild
input signal using at least one of said low frequency
sub-band signal generated by the processing in said sub-
band dividing step and said input signal;

a pseudo high frequency sub-band power calculating
step arranged to calculate a pseudo high frequency sub-
band power that is a pseudo power of said high freguency
sub-band signal based on said feature amount calculated
by the processing in said feature amount calculating
step; \

a pseudo high frequency sub-band power difference
calculating step arranged to calculate a high frequency
sub-band power that is the power of said high frequency
sub-~band signal from said high frequency sub-band signal
generated by the processing in said sub-band dividing
step and to <calculate pseudo high frequency sub-band
power difference that is difference as to said pseudo
high  frequency  sub-band power calculated by the
processing in said pseudo high frequency sub-band power
calculating step;

a high freguency encoding step arranged to encode
said pseudo high frequency sub-band power difference
calculated by the processing in said pseude high
frequency sub-band power difference calculating step to
generate high frequency encoded data;

a low frequency encoding step arranged to encode a
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low frequency signal that is a low frequency signal of
said input signal to generate low frequency encoded data;
and

a multiplexing step arranged to multiplex said low
freguency encoded data generated by the processing in
said low frequency encoding step and said high frequency
encoded data generated by the processing in sald high
frequency encoding step to obtain an output code string,

wherein said pseudo high freguency sub-band power
difference calculating step is arranged to calculate an
evaluated value based on said pseudo high frequency sub-
band power of each sgub-band and said high frequency sub-
band power for every plurality of coefficients for
calculating said pseudo high freguency sub-band power;
and

wherein said Thigh frequency encoding step is
arranged to generate an index indicating said coefficient
of said evaluated value that 1is the highest evaluated

value as said high frequency encoded data.

23. A program causing a computer to execute processing
‘comprising:

a sub-band dividing step arranged to divide an input
signal into a plurality of sub-bands and to generate a
low freguency sub-band signal made up of a plurality of
sub-bands at a low frequency side and a high frequency
sub-band signal made up of a plurality of sub-bands at a
high frequency side;

a feature amount calculating step arranged to
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calculate feature amount that expresses a feature of said
input signal using at least one of said low frequency
sub-band signal generated by the processing in said sub-
band dividing step and said input signal;

a pseudo high frequency sub-band power calculating
step arranged to calculate a pseudo high frequency sub-
band power that is a pseudo power of said high frequency
sub-band signal based on said feature amount calculated
by the processing in said feature amount calculating
step;

a pseudo high frequency sub-band power difference
calculating step arranged to calculate a high freguency
sub-band power that is the power of said high frequency
sub-band signal from said high frequency sub-band signal
generated by the processing in said sub-band dividing
step and to calculate pseudo high frequency sub-band
power difference that is difference as to said pseudo
high frequency sub-band power calculated Dby the
processing in said pseudo high frequency sub-band power
calculating step;

a high frequency encoding step arranged to encode
said pseudo high frequency sub-band power difference
calculated by the processing in said pseudo high
frequency sub-band power difference calculating step to
generate high frequency encoded data;

a low frequency encoding step arranged to encode a
low frequency signal that is a low frequency signal of
said input signal to generate low freguency encoded data;

a multiplexing step arranged to multiplex said low
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frequency encoded data generated by the processing in
said low frequency encoding step and said high freguency
encoded data generated by the processing in said high
frequency encoding step to obtain an output code string;

wherein said pseudo high freguency sub-band power
difference calculating step 1is arranged to calculate an
evaluated value based on said pseudo high frequency sub-
band power of each sub-band and said high frequency sub-
band power for every plurality of coefficients for
calculating said pseudo high frequency sub-band power;
and

wherein said high frequency encoding step is
arranged to generate an index indicating said coefficient
of said evaluated wvalue that i1s the highest evaluated

value as said high freguency encoded data.

24. A decoding device comprising:

demultiplexing means configured to demultiplex input
encoded data into at least low frequency encoded data and
an index;

low fregquency decoding means configured to decode
said low frequency encoded data to generate a low
frequency signal;

sub-band dividing means configured to divide the
band of said low freguency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band
signal for each of said low frequency sub-bands; and

generating means configured to generate said high

fregquency signal based on said index and said low
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frequency sub-band signal,
wherein said index 1s information indicating an
estimating coefficient used for generation of said high

frequency signal.

25. The decoding device according to Claim 24, wherein
said index is obtained at a device which encodes an input
signal and outputs said encoded data based on said input
signal before encoding and said high frequency signal

estimated from said input signal.

26. The decoding device according to Claim 24, wherein

gsaid index has not been encoded.

27. The decoding device according to Claim 24, wherein
said generating means generates said high frequency
signal based on a plurality of said estimating
coefficients, said estimating coefficient indicated by

said index.
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28. The decoding device according to Claim 24, said
generating means comprising:

feature amount calculating wmeans configured to
calculate a feature amount that expresses a feature of
gsaid encoded data wusing at least one of gaid low
frequency sub-band signal and said low frequency signal;

high frequency sub-band power calculating means
configured to calculate a high frequency sub-band power
cf a high freguency sub-band signal of said high
frequency sub-band by calculation using said feature
amount and said estimating coefficient regarding each of
a plurality of high freguency sub-bands making up the
band of said high freguency signal; and

high frequency signal generating means configured to
generate said high frequency signal based on said high
frequency sub-band power and said low frequency sub-band

signal.

29. The decoding device according to Claim 28, wherein
said high frequency sub-band power calculating means
calculates said high frequency sub-band power of gaid
high frequency sub-band by linearly combining a plurality
of said feature amount using said estimating coefficient

prepared for each of said high frequency sub-bands.

30. The decoding device according to Claim 29, wherein
said feature amount calculating means calculates a low

frequency sub-band power of said low frequency sub-and
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signal for each of said low freguency sub-bands as said

feature amount.

31. The decoding device according to Claim 28, wherein
said index ig information indicating said estimating
coefficient whereby said high frequency sub-band power
most approximate to sgaid high frequency sub-band power
obtained from said high frequency signal of said input
signal before encoding 1s obtained as a result of
comparison between said high frequency sub-band power
obtained from said high frequency signal of said input
signal before encoding and said high frequency sub-band
power genératad based on said estimating coefficient of a

plurality of said estimating coefficients.

32. The decoding device according to-claim 31, wherein
said index is information indicating said estimating
coefficient whereby the sum of sguares of difference
between said high frequency sub-band power obtained from
said high fregquency sgsignal of saild input signal before
encoding and said high frequency sub-band power generated
based on said estimating coefficient obtained for each of

said high freguency sub-bands becomes the minimum.

33. The decoding device according to Claim 31, wherein

said encoded data further includes difference information
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indicating difference between said high frequency sub-
band power obtained from said high frequency signal of
said input signal before encoding and said high frequency
sub-band power generated based on said estimating

coefficient.

34. The decoding device according to Claim 33, wherein

said difference information has been encoded.

35. The decoding device according to Claim 33, wherein
said high freguency sub-band power calculating means adds
said difference indicated with said difference
information included in said encoded data to said high
frequency sub-band power obtained by calculation using
said feature amount and saild estimating coefficient;

and wherein said high frequency signal generating
means generates said high frequency signal based on said
high frequency sub-band power to which said difference

has been added and said low frequency sub-band signal.

36. The decoding device according to Claim 28, wherein
said estimating coefficient is obtained by regression
analysis using the least square method with said feature
amount as an explanatory variable and said high frequency

sub-band power as an explained variable.
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37. The decoding device according to Claim 28, further
comprising, with said index being information indicating
a difference vector made up of said difference for each
of said high frequency sub-bands wherein difference
between said high frequency sub-band power obtained from
said high frequency signal of said input signal before
encoding and said high frequency sub-band power generated
based on said estimating coefficient as an element:

coefficient output means configured to obtain
distance between a representative vector or
representative value 1in feature space of said difference
with said difference of said high freguency sub-bands as
an element obtained Dbeforehand for each of said
estimating coefficients and said difference vector
indicated by said index and to supply said estimating
coefficient of said representative vector oxr said
representative value whereby said distance is the
shortest of a plurality of said estimating coefficients

to said high freguency sub-band power calculating means.

38. The decoding device according to Claim 26, wherein
said index is information indicating said estimating
coefficient of a plurality of said estimating
coefficients whereby as a result of comparison between
said high freguency signal of said input signal before
encoding and said high frequency signal generated based
on said estimating coefficient, said high frequency

signal most approximate to said high frequency signal of
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said input signal before encoding is obtained.

39. The decoding device according to Claim 26, wherein
said estimating coefficient 1is obtained by regression

analysis.

40. The decoding device according to Claim 24, wherein
sald generating means generates said high frequency
signal based on information obtained by decoding said

encoded index.

41. The decoding device according to Claim 40, wherein

said index has been subjected to entropy encoding.

42. A decoding method comprising:

a demultiplexing step arranged to demultiplex input
encoded data into at least low frequency encoded data and
an index;

a low frequency decoding step arranged to decode
said low frequency encoded data to generate a low
frequency signal;

a sub-band dividing step arranged to divide the band
of said low freguency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band
signal for each of gaid low freguency sub-bands; and

a generating step arranged to generate saild high
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frequency signal based on said index and said low
fregquency sub-band signal,
wherein said index is information indicating an
estimating coefficient used for generation of said high

frequency signal.

43. A program causing a computer to execute processing
comprising:

a demultiplexing step arranged to demultiplex input
encoded data into at least low frequency encoded data and
an index;

a low freguency decoding step arranged to decode
said low freguency encoded data to generate a low
freguency signal;

a sub-band dividing step arranged to divide the band
of said low frequency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band
signal for each of said low frequency sub-bands; and

a generating step arranged to generate said high
frequency signal based on said index and said low
fregquency sub-band signal,

wherein said index is information indicating an
estimating coefficient used for generation of said high

frequency signal.

44. A decoding device comprising:
demultiplexing means configured to demultiplex input

encoded data into low frequency encoded data and an index
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for obtaining an estimating coefficient wused for
generation of a high frequency signal;

low frequency decoding means configured to decode
said low freguency encoded data to generate a low
frequency signal;

gub-band dividing means configured to divide the
band of said low fregquency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band
signal for each of said low frequency sub-bands;

feature amount <calculating means configured to
calculate feature amount that expresses a feature of said
encoded data using at least one of said low freguency
sub-band gignal and said low frequency signal;

high frequency sub-band power calculating means
configured to calculate a high frequency sub-band power
of the high freguency sub-band signal of said high
frequency sub-band by multiplexing said feature amount by
said estimating coefficient determined by said index of a
plurality of said estimating coefficients prepared
beforehand regarding each of a plurality of high
frequency sub-bands ‘making up the band of said high
frequency signal and obtaining the sum of said feature
amount by which said estimating coefficient has been
multi?lied; and

high freguency signal generating means configured to
generate said high frequency signal wusing said high
frequency sub-band power and said low frequency sub-band

gsignal.



- 208 -~
45. The decoding device according to Claim 44, wherein
gaid feature amount calculating means calculates a low
frequency sub-band power of said low freguency sub-band
signal for each of said low frequency sub-bands as said

feature amount.

46. The decoding device according to Claim 45, wherein
said index is information for obtaining said estimating
coefficient of said plurality of said estimating
coefficients whereby the sum of squares of difference
obtained for each of said high frequency sub-bands, which
is difference between said high fregquency sub-band power
obtained from the true wvalue of said high frequency
signal and said high frequency sub-band power generated

with said estimating coefficient becomes the minimum.

47. The decoding device according to Claim 46, wherein
said index  further include difference information
indicating difference between said high frequency sub-
band power obtained from said true value and said high
frequency sub-band power generated with said estimating
coefficient;

and wherein said high freguency sub-band power
calculating means further adds said difference indicated
by said difference information included in said index to
said high frequency sub-band power obtained by obtaining
the sum of said feature amount by which said estimating

coefficient has been multiplied;
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and wherein said high £frequency signal generating
means generates said high frequency signal using said
high frequency sub-band power to which said difference
has been added by said high £frequency sub-band power

calculating means and said low freguency sub-band signal.

48. The decoding device according to Claim 44, wherein
said index i1s information indicating said estimating

coefficient.

49. The decoding device according to Claim 44, wherein
said index 1s information obtained by information
indicating said estimating coefficient being subjected to
entropy encoding;

and wherein said high fregquency sub-band power
calculating means calculates said high frequency sub-band
power using saild estimating coefficient indicated by

information obtained by decoding said index.

50. The decoding device according to Claim 44, wherein
said plurality of said estimating coefficients are
obtained beforehand by regression analysis wusing the
least square method with said feature amount as an
explanatory variable and said high frequency sub-band

power as an explained variable.
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51. The decoding device according to Claim 44, further
comprising, with said index being information indicating
a differ@nce vector made up of said difference for each
of said high frequency sub-bands wherein difference
between said high fregquency sub-band power obtained £from
the true wvalue of said high frequency signal and said
high frequency sub-band power generated with said
estimating coefficient as an element:

coefficient output means configured to obtain
distance between a representative vector or
representative value in feature space of saild difference
with said difference of said high freguency sub-bands asg
an element obtained Dbeforehand for each of said
estimating coefficients and said difference vector
indicated by said index and to supply said estimating
coefficient of said representative vector or said
representative value, whereby said distance 1is the
shortest of a plurality of said estimating coefficients

to said high frequency sub-band power calculating means.

52. A decoding method comprising:

a demultiplexing step arranged to demultiplex input
encoded data into low frequency encoded data and an index
for obtaining an eétimating coefficient used for
generation of a high frequency signal;

a low frequency decoding step arranged to decode

said low frequency encoded data to generate a low
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frequency signal;

a sub-band dividing step arranged to divide the band
of said low freguency signal into a plurality of low
frequency sub-bands to generate a low freguency sub-band
signal for each of said low frequency sub-bands;

a feature amount calculating step arranged to
calculate a feature amount that expresses a feature of
said encoded data wusing at least one of said low
frequency sub-band signal and said low frequency signal;

a high frequency sub-band power calculating step
arranged to calculate a high frequency sub-band power of
the high freguency sub-band signal of said high frequency
sub-band by multiplexing sald feature amount by said
estimating coefficient determined by said index of a
plurality of said estimating coefficients ©prepared
beforehand regarding each of a plurality of high
frequency sub-bands making up the band of said high
frequency signal and obtaining the sum of said feature
amount by which said estimating coefficient has been
multiplied; and

a high frequency signal generating step arranged to
generate said high frequency signal using said high
frequency sub-band power and said low freguency sub-band

signal.

53. A program causing a computer to execute processing
comprising:
a demultiplexing step arranged to demultiplex input

encoded data into low frequency encoded data and an index
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for obtaining an estimating coefficient wused for
generation of a high frequency signal;

a low frequency decoding step arranged to decode
gsaid low frequency encoded data to generate a low
frequency signal; .

a sub-band dividing step arranged to divide the band
of said low frequency signal into a plurality of low
frequency sub-bands to generate a low freguency sub-band
signal for each of said low frequency sub-bands;

a feature amount calculating step arranged to
calculate a feature amount that expresses a feature of
said encoded data wusing at least one of gaid low
frequency sub-band signal and said low frequency signal;

a high frequency sub-band power calculating step
arranged to calculate a high frequency sub-band power of
the high freqguency sub-band signal of said high fregquency
sub-band by multiplexing said feature amount by said
estimating coefficient determined by said index of a
plurality of said estimating coefficients prepared
beforehand regarding each of a plurality of high
frequency sub-bands making up the band of said high
frequency signal and obtaining the sum of said feature
amount by which said estimating coefficient has been
multiplied; and

a high frequency signal generating step arranged to
generate said high frequency signal using said high
frequency sub-band power and said low freguency sub-band

signal.
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FREQUENCY BAND EXTENDING DEVICE AND METHOD, ENCODING DEVICE
AND METHOD, DECODING DEVICE AND METHOD, AND PROGRAM
ABSTRACT |

The present invention relates to a frequency band
extending device and method, an encoding device and method,
a decoding device and method, and a program, whereby music
signals can be played with higher sound guality due to the
extension of frequency bands.

A bpandpass filter 13 divides an input signal into
multiple sub-band signals, a feature amount calculating
circuit 14 calculates feature amount using at least one of
the multiple divided sub-band signals and the input signal,
a high freguency sub-band power estimeting circuit 15
calculates an estimated value of a high frequency sub-band
power based on the calculated feature amount, a high
freguency signal generating circuit 16 generates a high
frequency signal component based on the multiple sub-band
signals divided by the bandpass filter 13, and the estimated
value of the high fregquency sub-band power calculated by the
high frequency sub-band power estimating circuit 13. A
frequ&ncy band extending device 10 extends the frequency
band of the input signal using a high frequency signal

nvention may be applied to a

!..I -

component. The present
freguency band extending device, for example.

Figure 3



