
- 1 - SP248477 DESCRIPTION Title of Invention: FREQUENCY BAND EXTENDING DEVICE AND
METHOD, ENCODING DEVICE AND METHOD, DECODING DEVICE AND METHOD, AND
PROGRAM Technical Field [0001]      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,
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 quality due to the extension of frequency 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  - 2 - 



SP248477 amount of time taken in the event of a download has become mainstream. [0003]      Such
music signal encoding methods are largely divided into encoding methods such as MP3 (MPEG
(Moving Picture Experts Group) Audio Layer 3) (International standard ISO/IEC 11172-3) and so forth,
and encoding methods such as HE-AAC (High Efficiency MPEG4 AAC) (International standard
ISO/IEC 14496-3) 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 of encoding method 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 encoded
data, deterioration of sound quality can occur, such as losing the realistic feeling which the original
sound had, or the sound becoming muffled.  -3 SP248477 [0005]      Conversely, with the encoding
method represented by HEAAC, feature information is extracted from high frequency signal
components, and this is encoded together with low frequency signal components. This sort of
encoding method will hereafter be called high frequency feature encoding method. With the high
frequency feature encoding method, only feature information of the high frequency signal components
are encoded as information relating to high frequency signal components, whereby encoding efficiency
can 



be improved while suppressing deterioration of sound quality. [0006]      In decoding the encoded data
that has been encoded with the high frequency feature encoding method, low frequency signal
components and feature information are decoded, and high frequency signal components are
generated from the low frequency signal components and feature information after decoding. Thus, by
generating high frequency signal components from low frequency signal components, the technique to
extend the frequency band of the low frequency signal components will hereafter be called a band
extending technique. [0007]      As an application example of the band extending technique, there is
post-processing after decoding the  - 4 - SP248477 encoded data with the above-described high
frequency deleting encoding method. In this the post-processing the frequency band of the low
frequency signal components are extended by generating the high frequency signal components, lost
by encoding, from the low frequency signal components after decoding (see PTL 1). Note 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 frequency signal components after decoding as the input signal, and
generates high frequency signal components having the frequency envelope of the high frequency
thereof from the low 



frequency signal components. [0009]       Fig. 1 shows an example of the low frequency power
spectrum after decoding as the input signal and the estimated high frequency envelope. [0010]       In
Fig. 1, the vertical axis represents power with logarithms, and the horizontal axis represents frequency.
[0011]  - 5 -- SP248477      A device determines the band of the low frequency end of the high
frequency 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 frequency is the frequency on the lower edge of the extension
starting band as the origin point. The device estimates a linear line at a predetermined slope passing
through the origin point as the frequency envelope on the higher frequency side from the extension
starting band (hereafter simply called high frequency 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  - 6 - 



SP248477 the low frequency side so as to become frequency 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 frequency 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
frequency bands for music signals after decoding the encoded data thereof, with such encoded data
having various high frequency deleting encoding methods and various bit rates. Citation List Patent
Literature [0013]      PTL 1: Japanese Unexamined Patent Application Publication No. 2008-139844
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 



-7 SP248477 high frequency 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. [0015]      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. [0016]      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 example. [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]      As shown in Fig. 2, the original high frequency side
power spectrum on the attack-type music signal is approximately flat. 



[0019]  - 8 - SP248477      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 power spectrum 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
extension of the frequency band, clarity of sound can be lost as compared to the original sound, from a
listening perspective. [0021]      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 required to
reproduce the original high frequency side frequency envelope in a highly precise manner. [0022]
The present invention has been made taking such situations into consideration, and enables music
signals to be played with high sound quality due to the extension of  



- 9 - SP248477 frequency bands. Solution to Problem [0023]      A frequency band extending device
according to a first aspect of the present invention includes: signal dividing means configured to divide
an input signal into multiple sub-band signals; feature amount calculating means configured to
calculate feature amount which expresses a feature of the input signal using at least one of the
multiple sub-band signals divided by the signal dividing means, and the 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 the input
signal based on the feature amount calculated by the feature amount calculating means; and high
frequency signal component generating means configured to generate a high frequency signal
component based on the multiple sub-band signals divided by the signal dividing means, and the
estimated value of the high frequency sub-band power calculated by the high frequency sub-band
power estimating means; with the frequency band of the input signal being extended using the high
frequency signal component generated by the high frequency signal component generating means.
[0024]  - 10 - SP248477 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 frequency sub-band
power that is a power of the multiple sub-band signals as the feature amount. [0026]      The feature
amount calculating means may calculate difference between the maximum and minimum powers in a
predetermined frequency band, of the input signal, as the feature amount. [0027]      The feature
amount calculating means may calculate a temporal variation of difference between the maximum
value and minimum value of power in a predetermined frequency band, of 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. [0029]      The feature
amount calculating means may calculate a temporal variation of the slope of a power in a  



SP248477 predetermined frequency band, of the input signal, as the feature amount. [0030]      The
high frequency sub-band power estimating means may calculate of an estimated value of the high
frequency 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 each high frequency 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 frequency
sub-band  



- 12 - SP248477 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 regression 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 frequency signal
generating means may generate the high frequency signal component from a low frequency sub-band
power that is a power of the multiple sub-band signals, and an estimated value of the high frequency
sub-band power. [0036] A frequency band extending method according to the  



- 13 - SP248477 first aspect of the present invention includes: a signal dividing step arranged to divide
an input signal into multiple sub-band signals; a feature amount calculating step arranged to calculate
feature amount which expresses a feature of the input signal using at least one of the multiple
sub-band signals divided by the processing in the signal dividing step, and the 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
the input signal based on the feature amount calculated by the processing in the feature amount
calculating step; and a high frequency signal component generating step arranged to generate a high
frequency signal component based on the multiple sub-band signals divided by the processing in the
signal dividing step, and the estimated value of the high frequency sub-band power calculated by the
processing in the high frequency sub-band power estimating step; with the frequency band of the input
signal being extended using the high frequency signal component generated by the processing in the
high frequency signal component generating step. [0037]      A program according to the first aspect of
the present invention includes: a signal dividing step arranged to  - 14 - SP248477 divide an input
signal into multiple sub-band signals; a feature amount calculating step arranged to calculate feature
amount which expresses a feature of the input signal using at least one of the multiple sub-band
signals divided by the processing in the signal dividing step, and the 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 the input
signal based on the feature amount calculated by the processing in the feature amount calculating
step; and a high frequency signal component generating step arranged to generate a high frequency
signal component based on the multiple sub-band signals divided by the processing in the signal
dividing step, and the estimated value of the high frequency sub-band power calculated by the
processing in the high frequency sub-band power estimating step; causing a computer to execute
processing for extending the frequency band of the input signal using the high frequency signal
component generated by the processing in the high frequency signal component generating step.
[0038]      With the first aspect of the present invention, divide an input signal is divided into multiple
sub-band signals, feature amount which expresses a feature of the input signal  



- 15 - SP248477 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 frequency 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]
An encoding device according to a second aspect of the present invention includes: sub-band dividing
means configured to divide an input signal into multiple sub-bands, and to generate a low frequency
sub-band signal made up of multiple sub-bands at a low frequency side and a high frequency
sub-band signal made up of multiple sub-bands at a high frequency side; feature amount calculating
means configured to calculate feature amount that expresses a feature of the input signal, using at
least one of the low frequency sub-band signal generated by the sub-band dividing means, and the
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 the high frequency sub-band signal
based on the feature amount  - 16 - SP248477 calculated by the 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 the high frequency sub-band signal from the high
frequency sub-band signal generated by the sub-band dividing means, and to calculate pseudo high
frequency sub-band power difference that is difference as to the pseudo high frequency sub-band
power calculated by the pseudo high frequency sub-band power calculating means; high frequency
encoding means configured to encode the pseudo high frequency sub-band power difference
calculated by the pseudo high frequency sub-band power difference calculating means to generate
high frequency encoded data; low frequency encoding means configured to encode a low frequency
signal that is a low frequency signal of the input signal to generate low frequency encoded data; and
multiplexing means configured to multiplex the low frequency encoded data generated by the low
frequency encoding means, and the high frequency encoded data generated by the high frequency
encoding means to obtain an output code string. [0040]      The encoding device may further include
low frequency decoding means configured to decode the low frequency encoded data generated by
the low frequency encoding means to generate a low frequency signal; with the sub-band 



- 17 - SP248477 dividing means generating the low frequency sub-band signal from the low frequency
signal generated by the low frequency decoding 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 frequency sub-band power difference calculating means may calculate an
evaluated value based on the pseudo high frequency sub-band power of each sub-band, and the high
frequency sub-band power for every multiple coefficients for calculating the pseudo high frequency
sub-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 frequency sub-band power difference calculating means may calculate
the evaluated value based on  



- 18 - SP248477 at least any of sum of squares of the pseudo high frequency sub-band power
difference of each sub-band, the maximum value of the absolute value of the pseudo high frequency
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 frequency sub-band power difference
calculating means may calculate the evaluated value using the 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. [0046]      The pseudo high frequency sub-band
power difference calculating means may calculate the evaluated value using the pseudo high
frequency sub-band power difference multiplied by weight that is weight for each sub-band such that
the greater the high frequency sub-band power of the sub-band is, the greater weight thereof is.  - 19 -
SP248477 



[0047]      An encoding method according to the second aspect of the present invention includes: a
sub-band dividing step arranged to divide an input signal into multiple sub-bands, and to generate a
low frequency sub-band signal made up of multiple sub-bands at a low frequency side and a high
frequency sub-band signal made up of multiple sub-bands at a high frequency side; a feature amount
calculating step arranged to calculate feature amount that expresses a feature of the input signal,
using at least one of the low frequency sub-band signal generated by the processing in the sub-band
dividing step, and the 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 the high frequency
sub-band signal based on the feature amount calculated by the processing in the 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 the high frequency sub-band signal
from the high frequency sub-band signal generated by the processing in the sub-band dividing step,
and to calculate pseudo high frequency sub-band power difference that is difference as to the pseudo
high frequency sub-band power calculated by the processing in the pseudo high frequency sub-band
power  - 20 - SP248477 calculating step; a high frequency encoding step arranged to encode the
pseudo high frequency sub-band power difference calculated by the processing in the 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
the input signal to generate low frequency encoded data; and a multiplexing step arranged to multiplex
the low frequency encoded data generated by the processing in the low frequency encoding step, and
the high frequency encoded data generated by the processing in the high frequency encoding step to
obtain an output code string. [0048]      A program according to the second aspect causing a computer
to execute processing including: a sub-band dividing step arranged to divide an input signal into
multiple sub-bands, and to generate a low frequency sub-band signal made up of multiple sub-bands
at a low frequency side and a high frequency sub-band signal made up of multiple sub-bands at a high
frequency side; a feature amount calculating step arranged to calculate feature amount that expresses
a feature of the input signal, using at least one of the low frequency sub-band signal generated by the
processing in the sub-band dividing step, and the input signal; a pseudo high frequency sub-band
power calculating  - 21 - SP248477 step arranged to calculate a pseudo high frequency sub-band
power that is a pseudo power of the high frequency sub-band signal based on the feature amount
calculated by the processing in the 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 the high frequency sub-band signal from the high frequency sub-band signal
generated by the processing in the sub-band dividing step, and to calculate pseudo high frequency
sub-band power difference that is difference as to the pseudo high frequency sub-band power
calculated by the processing in the pseudo high frequency sub-band power calculating step; a high
frequency encoding step arranged to encode the pseudo high frequency sub-band power difference
calculated by the processing in the 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 the input signal to generate low frequency encoded
data; and a multiplexing step arranged to multiplex the low frequency encoded data generated by the
processing in the low frequency encoding step, and the high frequency encoded data generated by the
processing in the high frequency encoding step to obtain an output code string. [0049] 



- 22 - SP248477      With the second aspect of the present invention, an input signal is divided into
multiple sub-bands, a low frequency sub-band signal made up of multiple sub-bands at a low
frequency side and a high frequency sub-band signal made up of multiple sub-bands at a high
frequency side are generated, feature amount that expresses a feature of the input signal is calculated
with at least one of the generated low frequency 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 frequency 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] A decoding device according to a third aspect of the
- 23 - SP248477 present invention includes: demultiplexing means configured to demultiplex input
encoded data into at least low frequency encoded data and an index; low frequency decoding means
configured to decode the low frequency encoded data to generate a low frequency signal; sub-band
dividing means configured to divide the band of the low frequency signal into multiple low frequency
sub-bands to generate a low frequency sub-band signal for each of the low frequency sub-bands; and
generating means configured to generate the high frequency signal based on the index and the low
frequency sub-band signal. 



[0051]      The index may be obtained, at a device which encodes an input signal and outputs the
encoded data, based on the input signal before encoding, and the high frequency 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.  - 24 - SP248477 [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 frequency sub-band
signal and the low frequency signal; high frequency sub-band power calculating means configured to
calculate a high frequency sub-band power of a high frequency 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 frequency signal; and high
frequency signal generating means configured to generate the high frequency signal based on the
high frequency sub-band power and the low frequency sub-band signal. 



[0056]      The high frequency 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 frequency sub-band power of the low frequency
sub-and signal for each of the low frequency sub-bands as the  - 25 - SP248477 feature amount.
[0058]      The index may be information indicating the estimating coefficient whereby the high
frequency sub-band power most approximate to the high frequency 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 high 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 frequency
sub-band power obtained from the high frequency signal of the input signal before encoding, and the
high frequency 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 frequency sub-band power obtained from the high frequency signal of the input signal before
encoding, and the high frequency  - 26 - SP248477 sub-band power generated based on the
estimating coefficient. [0061]      The difference information may have been encoded. [0062]      The
high frequency sub-band power calculating means may add the difference indicated with the difference
information included in the encoded data to the high frequency sub-band power obtained 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 obtained 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 each 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 frequency sub-band power generated based on the estimating coefficient as an
element,  - 27 - SP248477 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 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 frequency signal of the input signal
before encoding, and the high frequency signal generated based on the estimating coefficient, the high
frequency signal most approximate to the high frequency signal of the input signal before encoding is
obtained. [0066] The estimating coefficient may be obtained by regression analysis. [0067] The
generating means may generate the high frequency 



signal based on information obtained by decoding the encoded  - 28 - SP248477 index. [0068]      The
index may have been subjected to entropy encoding. [0069]      A decoding method or program
according to the third aspect includes: 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 the low frequency encoded data to generate a low frequency signal; a sub-band dividing
step arranged to divide the band of the low frequency signal into multiple low frequency sub-bands to
generate a low frequency sub-band signal for each of the low frequency sub-bands; and a generating
step arranged to generate the high frequency signal based on the index and the low frequency
sub-band signal. [0070]      With the third aspect of the present invention, input encoded data is
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  - 29 - 



SP248477 sub-band signal. [0071]      A decoding device according to a fourth aspect of the present
invention includes: 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 the low frequency
encoded data to generate a low frequency signal; sub-band dividing means configured to divide the
band of the low frequency signal into multiple low frequency sub-bands to generate a low frequency
sub-band signal for each of the low frequency sub-bands; feature amount calculating means
configured to calculate feature amount that expresses a feature of the encoded data using at least one
of the low frequency sub-band signal and the low frequency signal; high frequency sub-band power
calculating means configured to calculate a high frequency sub-band power of the high frequency
sub-band signal of the high frequency sub-band 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  - 30 -
SP248477 multiplied; and high frequency signal generating means configured to generate the high
frequency signal using the high frequency sub-band power and the 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. [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 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, 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
- 31 - SP248477 information included in the index to the high frequency sub-band power 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 frequency signal using the
high frequency sub-band power to which the difference has been added by the high frequency
sub-band power calculating means, and the low frequency sub-band signal. [0075]      The index may
be information indicating the estimating coefficient. 



[0076]      The index may be information obtained by information indicating the estimating coefficient
being subjected to entropy encoding; with the high frequency sub-band power calculating means
calculating the high frequency sub-band power using the estimating coefficient indicated by
information obtained by decoding the index. [0077]      The multiple estimating coefficients may be
obtained beforehand 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. [0078]  - 32
- SP248477      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 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. [0079]      A decoding method or
program according to the fourth aspect of the present invention includes: 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 the low frequency encoded data to generate a low  



- 33 - SP248477 frequency signal; a sub-band dividing step arranged to divide the band of the low
frequency signal into multiple low frequency sub-bands to generate a low frequency sub-band signal
for each of the low frequency sub-bands; a feature amount calculating step arranged to calculate
feature amount that expresses a feature of the encoded data using at least one of the low frequency
sub-band signal and the 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 the
high frequency sub-band 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 a high frequency
signal generating step arranged to generate the high frequency signal using the high frequency
sub-band power and the low frequency sub-band signal. [0080]      With the fourth aspect 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 frequency signal, the low  - 34 -
SP248477 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 signal is generated with the high frequency sub-band power and the low
frequency sub-band signal. Advantageous Effects of Invention [0081]      According to the first aspect
through fourth aspect of the present invention, music signals can be played with higher sound quality
due to the extension of frequency bands. Brief Description of Drawings [0082]  - 35 - SP248477
[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] Fig. 5 is a diagram illustrating the power spectrum of the signal input in the frequency band
extending device in Fig. 3 and the positioning on the frequency 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 frequency 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.  - 36 -
SP248477 7.      [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 a 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 the high frequency encoding circuit of the
encoding device in Fig. 11 and of decoded high frequency sub-band power estimating coefficients
used in the high frequency decoding  - 37 - SP248477 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 encoding 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 a 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 describing decoding
processing.       [Fig. 24] Fig. 24 is a flowchart describing encoding processing.       [Fig. 25] 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  - 38 - 



SP248477 processing. [Fig. 28] Fig. 28 is a diagram illustrating a configuration example of a coefficient
learning device.       [Fig. 29] Fig. 29 is a flowchart describing coefficient learning processing.       [Fig.
30] Fig. 30 is a block diagram illustrating a configuration example of computer hardware that executes
processing to which the present invention has been applied, by a program. Description of
Embodiments [0083]      Embodiments of 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 a 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 pseudo high frequency sub-band
power difference in the high frequency encoded data)  5. Fifth Embodiment (in case of selecting a
coefficient index using an evaluation value)  - 39 - SP248477 6. Sixth Embodiment (in case of sharing
a portion of coefficients) [0084] Cl. First Embodiment>      According to a first embodiment, processing
to extend a frequency band (hereafter called frequency band extending processing) is performed as to
low frequency signal components after decoding which are obtained by decoding encoded data with a
high frequency deleting encoding method. [0085] [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 frequency signal components after decoding as an input signal, the frequency band
extending device 10 performs frequency band extending processing as to the input signal thereof, and
outputs the signal after frequency band extending processing obtained as a result thereof as an output
signal. [0087]      A frequency band extending device 10 is made up of a low-pass filter 11, delay circuit
12, bandpass filter 13,  - 40 - SP248477 feature amount calculating circuit 14, high frequency
sub-band power estimating circuit 15, 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
cutoff frequency, and supplies the low frequency signal components which are signal components of a
low frequency 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. [0090] 



The bandpass filter 13 is made up of bandpass filters 13-1 through 13-N which each have different
passbands. The bandpass filter 13-i (1 5 i 5 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.  - 41 - 3P2 48477 [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 frequency 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 power estimating
circuit 15 calculates an estimated value of a high frequency sub-band power which is a power of a high
frequency sub-band signal, for each high frequency sub-band, based on the one or multiple feature
amounts from the feature amount calculating circuit 14, and supplies these to the high frequency
signal generating circuit 16. [0093]      The high frequency signal generating circuit 16 generates high
frequency signal components which are signal components of a high frequency, 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. [0094] The high-pass filter 17 filters the high frequency  



- 42 - SP248477 signal components from the high frequency signal generating circuit 16 with a cutoff
frequency corresponding to the cutoff frequency in the low-pass filter 11, and supplies this to the signal
adding unit 18. [0095]      The signal adding unit 18 adds a low frequency signal component from the
delay circuit 12 and a high frequency signal component from the high-pass filter 17, and outputs this
as the output signal. [0096]      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 to 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. [0098] 



[Frequency Band Extending Processing of Frequency Band Extending Device] Next, the frequency
band extending processing with the  - 43 - SP248477 frequency band extending device in Fig. 3 will be
described with reference to the flowchart in Fig. 4. [0099]      In step Si, the low-pass filter 11 filters the
input signal with a predetermined cutoff frequency, and supplies the low frequency 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 frequency, but according to the present embodiment, with a
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 frequency signal components, which are
signal components of a band lower than the extension starting band, as the post-filtering signal. [0101]
Also, the low-pass filter 11 can also set an optimal frequency as the cutoff frequency, 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] 



- 44 - SP248477      In step S2, the delay circuit 12 delays the low frequency signal components from
the low-pass filter 11 by just a certain amount of delay time, and supplies this to the signal adding unit
18. [0103]      In step S3, 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 frequency 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 S4, 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 frequency 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. [0105]      In step S5, the high frequency sub-band power estimating circuit 15
calculates estimated values of the multiple high frequency sub-band powers, based on the one or  - 45
- SP248477 



multiple feature amounts from the feature amount calculating circuit 14, and supplies these to the high
frequency signal generating circuit 16. Note that details of the processing to calculate the estimated
values of the high frequency sub-band powers with the high frequency sub-band power estimating
circuit 15 will be described later. [0106)      In step S6, the high frequency signal generating circuit 16
generates high frequency 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 power estimating 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 37, the
high-pass filter 17 filters the high frequency signal components from the high frequency signal
generating circuit 16, thereby removing noise from repeating components to the low frequency
included in the high frequency signal components, and the like, and supplies the high frequency signal
components to the signal adding unit  - 46 - SP248477 18. [0108] 



In step S8, 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 frequency band can be extended as to
the post-decoding low frequency signal components after decoding. [0110] Next, details of the
processing for each of the steps S3 through S6 in the flowchart in Fig. 4 will be described. [0111]
[Details of Processing by Bandpass Filter]      First, details of the processing by the bandpass filter 13
in step S3 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  - 47 - SP248477 than the extension starting band are set as passbands of
the bandpass filters 13-1 through 13-4, respectively. [0114]      Fig. 5 shows the position of each of the
passbands of the bandpass 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 passbands 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 Nyquist frequency of the input signal into 16 equal parts, but unrestricted to
this, the passbands may be a predetermined four out of 256 sub-bands obtained by dividing the
Nyquist frequency of the input signal into 256 equal parts. Also, the bandwidth of each of the bandpass
filters 13-1 through 13-4 may each be  - 48 - SP248477 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 one 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. [0120] That is
to say, the feature amount calculating circuit 14 finds a low frequency sub-band power in a certain  -
49 - SP248477 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+1)FSIZE-1 power ( b, J) =10 log10{(x( ib, n) 2 ) /HE I} n=J*FSIZE (sb-3<ib<sb)
[0122]      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 Power Estimating Circuit]
Next, details of the processing with the high frequency sub-band power estimating circuit 15 in step S5
of the flowchart in Fig. 4 will be described. [0124] 



- 50 - SP248477      The high frequency 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+1 (extension starting band), based on
the four sub-band powers supplied from the feature amount calculating circuit 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+1 through eb. [0126]      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), supplied from the feature amount calculating circuit 14, and can be
expressed with Expression (2) below, for example. [0127] [Expression 2] sb POWerest ( b,=I fAib ( kb)
POWer (kb, J)} +Bib kb=sb-3 



(J*FSIZE, n < (J+1) FSIZE-1, sb+1 < i b<eb)   - 51 - SP248477 [0128]      Now, in Expression (2), the
coefficients Am(kb) and Bib are coefficients having values that differ for each sub-band ib. The
coefficients Am(kb) and Bab are coefficients set appropriately so that favorable values can be obtained
as to various input signals. Also, the coefficients Am(kb) and Bib are changed to optimal values by the
change of the sub-band sb. Note that yielding of the coefficients Am(kb) and Bib will be described
later. [0129]      In Expression (2), the high frequency 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. [0130]      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 frequency Signal Generating  - 52 - SP248477 Circuit]       Next,
details of processing by the high frequency 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( i b, J) = 10
{(powe(ib,J)-power(sbnap(ib),J))./20) (J*FSIZE<(J+1 ) FSIZE-1, sb+1 < i b<eb) 



[0134]       Now, in Expression (3), sbmap(ib) represents a sub-band index of an image source in the
case that the sub-band ib is  - 53 - SP248477 the sub-band of an image destination, and is expressed
in Expression (4) below. [0135] [Expression 4] sbmap( ib) = ib-4INT ib-iisb-1 +1 (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 amount G(ib,J) found with Expression (3) by the output of
the bandpass filter 13, using Expression (5) below. [0138] [Expression 5] x2( lb, n) = G ( lb, J) x
(sbmap ( lb). n) (J*FSIZE_<_n_(J+1) FSIZE-1,b_<_eb) [0139] Further, the high frequency signal
generating circuit  - 54 - SP248477 16 calculates, using Expression (6) below, a post-gainadjustment
sub-band signal x3(ib,n) that has been subjected to cosine transform, from the post-gain-adjustment
sub-band signal x2(ib,n), by performing cosine adjustment to the frequency corresponding to a
frequency on the upper end of the sub-band having an index of sb, from a frequency corresponding to
a frequency on the lower end of the sub-band having an index of sb-3. [0140] 



[Expression 6] x3( ib, n) = x2( ib, n)*2cos(n)*f40b+1) 7r/32J (sb+1 [0141]      Note that in Expression
(6), represents the circumference ratio. Expression (6) herein means that the post-gain-adjustment
sub-band signal x2(ib,n) is shifted toward the high frequency side frequency, by four bands worth
each. [0142]      The high frequency signal generating circuit 16 then calculates high frequency signal
components xhigh(n) from the post-gain-adjustment sub-band signal x3(ib,n) shifted toward the high
frequency side, with the Expression (7) below.  - 55 - SP248477 [0143] [Expression 7] eb 



Xhigh(fl) =I x3( ib, n) i b=sb +1 (7) [0144]       Thus, high frequency signal components are generated
by the high frequency signal generating circuit 16, based on the four low frequency 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 circuit 15, and
are supplied to the high-pass filter 17. [0145]       According to the above processing, as to 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 frequency sub-band power and high frequency sub-band power estimated value, whereby the
frequency extending band sub-band power can be estimated with high precision, and music signals
can be  - 56 - SP248477 played with higher sound quality. [0146] 



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. [0147]      Thus, the
feature amount calculating circuit 14 calculates a feature amount having a strong correlation with the
form of the frequency extending band sub-band power (form of high frequency power spectrum),
whereby estimating the frequency 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 Amount Calculating Circuit]      Fig. 6 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 frequency power spectrum obtained by calculating
the low frequency sub-band power solely as a feature amount  - 57 - SP248477 to estimate the high
frequency sub-band power. [0149]      As shown in Fig. 6, in the frequency feature in a vocal segment,
the estimated high frequency power spectrum is 



often positioned higher than the high frequency 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. [0150]      Also, as shown
in Fig. 6, in the frequency feature in a vocal segment, one large recess is often seen between 4.9 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 frequency 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



- 58 - SP248477 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 to remove components that are 1.3 kHz or less, for example.
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
postliftering input signal. In the post-liftering power spectrum in Fig. 8, the difference between the
minimum value and maximum value of the power spectrum included in a range corresponding to 4.9
kHz to 11.025 kHz 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 frequency 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 amount 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]      For 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 flat in a certain input signal, as described
with reference to Fig. 2. With the method to calculate solely the low frequency sub-band power as the
feature amount, the frequency extending band sub-band power is estimated without using the feature
amount showing a temporal variation unique to the input 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 frequency
sub-band  - 60 - SP248477 



power temporal variation serving as a feature amount used in the estimation of high frequency
sub-band power in an attack segment will be described below. [0160]      The temporal variation
powerd(J) of the low frequency sub-band power in a certain time frame J is found with Expression (8)
below, for example. [0161] [Expression 8] powerd(J) =sb(J+1)FSIZE (x(ib, n)2) b=sb-3 n=J*FSIZE
sbJ*FSIZE-1 (X(ib,11)2) ib=sb-3 n=(J-1)FSIZE [0162]      According to Expression (8), the temporal
variation powerd(J) of the low frequency sub-band power expresses a ratio of the sum of the four low
frequency sub-band powers in the time frame J and the sum of the four low frequency sub-band
powers in the time frame (J-1) which is one frame prior to 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. 



- 61 - SP248477 [0163]       Also, comparing a statistically average power spectrum shown in Fig. 1
and a power spectrum in an attack segment (attack-type musical signal) shown in Fig. 2, the power
spectrum in the attack segment rises to the right in a medium frequency. This sort of frequency 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(J), in the medium frequency of a certain time
frame J is obtained with Expression (9) below, for example. [0166] [Expression 1] sb(J+1 ) FSIZE-1 



slope (J) =OV(ib)*x(ib, n)2)} ib=sb-3 n=J*FSIZE sb(J+1)FSIZE-1 /I(x( ib, n)2) b=sb-3 n=J*FSIZE ( 9 )  -
62 - SP248477      In Expression (9), the coefficient w(ib) is a weighted coefficient that is adjusted to
be weighted by the high frequency sub-band power. According to Expression (9), 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 frequency power spectrum rises to the
right, and a smaller value when falling to the right. [0168]      Also, in many cases the medium
frequency slope varies widely before and after an attack segment, whereby the slope temporal
variation, sloped(J), expressed with Expression 



(10) below may be set as the feature amount used to estimate the high frequency sub-band power of
an attack segment. [0169] [Expression 10] sloped(J) =slope(J)/slope(J-1) (J*FSIZE.n_(J+1) FSIZE-1 )
[0170]  - 63 - SP248477 above described dip, dip(J), expressed in the following Expression (11), may
be set as the feature amount used to estimate the high frequency sub-band power of an attack
segment. [0171] [Expression 11] dipd(J) = dip(J)--dip(J -1) 



(J*FSIZEn(J+1) FSIZE-1)  [0172]      According to the method above, a feature amount having a strong
correlation with the frequency extending band sub-band power is 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. [0174] [Details of Processing with High Frequency
Sub-Band Power  - 64 - SP248477 Estimating Circuit] 



Now, an example of estimating the high frequency sub-band power, using the dip described with
reference to Fig. 8 and the low frequency sub-band power as the feature amounts, will be described.
[0175]      That is to say, in step 34 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 35, the high frequency sub-band power estimating circuit 15
calculates an estimating value of the high frequency sub-band power, based on the four low frequency
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. [0178] The high frequency sub-band power estimating circuit 15  - 65 - 



SP248477 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 is represented by
powers", the standard deviation of the sub-band powers as powerstd, the average value of the dips as
din                                                        - ave and the standard deviation of the dips as dipfld. [0179]
The high frequency sub-band power estimating circuit 15 transforms the dip value dip(J) as shown in
Expression (12) below, using these values, and obtains a post-transform dip, dips(J). [0180]
[Expression 12] dip(J) -diPave  dips(J) =powershr+powersve dipstd   (1 2) [0181] 



By performing the transform shown in Expression (12), the high frequency 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 frequency sub-band powers, and can cause the range of values that
can be taken of the dips to be approximately the  - 66 - SP248477 same as the range of values that
can be taken of the sub-band powers. [0182]       An estimated value powerest (ib,J)of the sub-band
power having an index of lb in the frequency extending band is expressed with Expression (13) below,
for example, using a linear combination of the four low frequency sub-band powers, power(ib,J), from
the feature amount calculating circuit 14 and the dips, dips(J), shown in Expression (12). [0183]
[Expression 13] powerest ( b, J) =I Nib (kb) power (kb, J)1)+Dibdi Ps (J)-FEib kb=sb-3 (J*FSIZE<n_
(J+1 ) FSIZE-1, sb+1 < I b<eb)  (13) 



[0184]       Now, in Expression (13), the coefficients Cth(kb), Dth, and Eth are coefficients having
values that differ for each sub-band lb. The coefficients Cth(kb), Dth, and Eth are coefficients
appropriately set so that favorable values can be obtained as to various input signals. Also, depending
on the variation of the sub-band sb, the coefficients Cth(kb), Dth, and Eth can also be varied to be
optimal values. Note that yielding the coefficients Cth(kb), Dth, and Eth will be  - 67 - SP248477
described later. [0185]      In Expression (13), the high frequency 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 to the case wherein solely the low frequency sub-band
power is the feature amount, and discomfort readily sensed by the human ear, which is generated by a
high frequency power spectrum being estimated to be greater than the high frequency power spectrum
of the original signal with the method wherein solely the low frequency sub-band power is the feature
amount, is reduced, whereby music signals can be played with greater sound quality. [0187]      Now,
regarding the dips (degree of recess in a vocal segment frequency feature) calculated as feature
amounts 



- 68 - SP248477 with the above-described method, in the case that the number of sub-band divisions
is 16, frequency resolution is low, so the degree of recess herein cannot be expressed solely with the
low frequency 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, frequency 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 frequency sub-band power
using the above-described dip as a feature amount, using solely the low frequency 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 frequency sub-band power can be estimated  - 69 - 



SP248477 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 frequency sub-band power using the dip and the
low frequency sub-band power, but the feature amount used in the estimation of a high frequency
sub-band power is not restricted to this combination, and one or multiple of the above-described
feature amounts (low frequency sub-band power, 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
frequency sub-band power, the estimation precision of the segment thereof can be improved. For
example, low frequency sub-band power temporal variation, slope, temporal variation of slope, and
temporal variation of dip, are parameters unique to the  - 70 - SP248477 attack seyment, and by using
these parameters as feature amounts, the estimation precision of the high frequency 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 Cib(kb), Dlb, EJAD]      Next, a method to find the coefficients Cbb(kb),
Dib, and Fib in Expression (13) above will be described. [0196] As a method to find the coefficients
C,b(kb), Dib, and Eib, a method is used whereby learning 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  - 71 - 



SP248477 coefficients Cib(kb), Dib, Eih, 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 Cib(kb), Eib, and Eib, 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 frequency than the extension starting band, is used. Upon a wide
band teacher signal being input, the coefficient learning device performs learning. [0198] [Functional
Configuration Example of Coefficient Learning Device]      Fig. 9 shows a functional configuration
example of a coefficient learning device to perform learning of the coefficients Cib(kb), Dib, and Eib
[0199]      With regard to the signal components of a frequency lower than the extension starting band
of the wide band teacher signal input to the coefficient 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  - 72 - SP248477 



format as the encoding format performed in the event of encoding. [0200]      The coefficient learning
device 20 is made up of a bandpass filter 21, high frequency sub-band power calculating circuit 22,
feature amount calculating circuit 23, and coefficient estimating circuit 24. [0201]      The bandpass
filter 21 is made up of bandpass filters 21-1 through 21-(K+N), each of which have different
passbands. The bandpass filter 21-i(1K+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]  - 73 - SP248477      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 the frequency 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 circuit 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 coefficient estimating circuit 24 estimates a coefficient used with the high frequency
sub-band power estimating circuit 15 of the frequency band extending device 10 in Fig. 3, based on
the high frequency sub-band power from the high frequency 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  - 74 - SP248477
reference to the flowchart in Fig. 10. [0206]      In step Sll, 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-
(K+1) through 21-(K+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 S12, 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 frequency sub-band power calculating circuit 22 supplies the calculated high frequency
sub-band power to the coefficient estimating circuit 24. [0208]      In step S13, the feature amount
calculating circuit 23 calculates the feature amount for each time frame that is  - 75 - SP248477 the
same as the certain time frame calculated for the high frequency sub-band power by the high
frequency 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 frequency
sub-band powers and the dip are calculated as the feature amounts, and similar to the feature amount
calculating circuit 23 of the coefficient 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 calculating 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-(K+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 frequency 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 Cm(kb), Dm, and Ethf based on multiple combinations of the (eb-sb)
number of high frequency sub-band powers supplied to the same time frame from the high frequency
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 one 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 Cm(kb), Dm, and Em in Expression (13). [0212]      Note
that, as it goes without saying, the estimation method of the coefficients Cm(kb), Dib, and Ebb is not
restricted to the above-described method, and various types of general parameter identification
methods may be used. [0213] 



According to the processing described above, learning of coefficients used to estimate the high
frequency sub-band  - 77 - SP248477 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
frequency band extending device 10, and therefore, music signals can be played with greater sound
quality. [0214]      Note that the coefficients A,b(kb) and Bib 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 frequency sub-band power
estimating circuit 15 of the frequency band extending device 10, each of the estimating values of the
high frequency sub-band powers are calculated with a linear combination of the four low frequency
sub-band powers and the dip. However, the high frequency sub-band power estimating method in the
high frequency sub-band power estimating circuit 15 is not restricted to the example described above,
and for example, the feature amount calculating circuit 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 variation) to calculate the high frequency sub-band power, or linear
combinations of multiple feature amounts of the multiple frames before and 



- 78 - SP248477 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
frequency sub-band power estimating circuit 15 of the frequency band extending device 10. [0216] <2.
Second Embodiment>      With a second embodiment, encoding processing and decoding processing
is performed with a high frequency 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  



- 79 - SP248477 36, high frequency encoding circuit 37, multiplexing circuit 38, and low frequency
decoding circuit 39. [0219]      The low-pass filter 31 filters the input signal with a predetermined cutoff
frequency, and supplies signals having a lower frequency than the cutoff frequency (hereafter called
low frequency signals) to the low frequency 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 pseudo high frequency sub-band
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
frequency sub-  - 80 - SP248477 



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 frequency 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 frequency 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 frequency sub-band power difference  - 81 - SP248477 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 dividing circuit 33 and the pseudo high frequency sub-band power
from the pseudo high frequency sub-band power calculating circuit 35, and supplies this to the high
frequency 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 frequency encoded data obtained as a result thereof to the multiplexing circuit 38. [0226]      The
multiplexing circuit 38 multiplexes the low frequency encoded data from the low frequency encoding
circuit 32 and the high frequency encoded data from the high frequency encoding circuit 37, and
outputs this as an output code string. [0227]      The low frequency decoding circuit 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.  - 82 - SP248477 [0228] [Encoding Processing of Encoding Device] Next,
encoding processing with the encoding device 30 in Fig. 11 will be described with reference to 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 frequency signal serving as a post-filtering signal to the low frequency encoding circuit
32, sub-band dividing circuit 33, and feature amount calculating circuit 34. [0230]      In step 5112, 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.
[0231] 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 circuit scope to be found and encoding
efficiency, and the present invention does not depend on this encoding format. [0232]      In step S113,
the sub-band dividing circuit 33 equally divides the input signal and low frequency signal into 



- 83 - SP248477 multiple sub-band signals having a predetermined bandwidth. The sub-band dividing
circuit 33 supplies the low frequency 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-band dividing circuit 33 supplies the high frequency sub-band signals
having a band higher than a band-restricted frequency set by the low-pass filter 31 to the pseudo high
frequency sub-band power difference calculating circuit 36. [0233]      In step S114, 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 S114 is basically the same as the processing in step S4 of the flowchart in Fig. 4,
so detailed description thereof will be omitted. [0234]  - 84 - SP248477      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 frequency sub-band power calculating circuit 35 in Fig. 11 has basically the same
configuration and function of the high frequency sub-band power estimating circuit 15 in Fig. 3, and the
processing in step 3115 is basically the same as the processing in step S5 in the flowchart in Fig. 4, so
detailed description will be omitted. [0235] 



In step 5116, 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 the pseudo high frequency sub-band power from the pseudo
high frequency 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 frequency) sub-band power, power(ib,J), in a certain time
frame J, of the high frequency sub-band signal from the sub-  - 85 - SP248477 band dividing circuit 33.
Note that according to the present embodiment, all of the sub-bands of the low frequency 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. [0237]      Next, the pseudo high frequency sub-band
power difference calculating circuit 36 finds the difference (pseudo high frequency sub-band power
difference) poweraff(ib,J) between the high frequency sub-band power, power(ib,J), and the pseudo
high frequency sub-band power, powerth(ib,J), from the pseudo high frequency sub-band power
calculating circuit 35 in the time frame J. The pseudo high frequency sub-band power difference,
powerdsfe(ib,J), is found with Expression (14) below. [0238] [Expression 14] powerdin (J) = power ( ib,
J) -power ih ( b, J) (J*FSIZE_(J+1) FSIZE-1, sb+1 < b<eb) 



.(1 4) [0239] In Expression (14), index sb+1 represents a minimum  - 86 - SP248477 frequency
sub-band index in the high frequency sub-band signal. Also, index eb represents a maximum
frequency sub-band index encoded in the high frequency sub-band signal. [0240]      Thus, the pseudo
high frequency sub-band power difference calculated with the pseudo high frequency sub-band power
difference calculating circuit 36 is supplied to the high frequency encoding circuit 37. [0241]      In step
5117, 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 frequency encoded data obtained as a result thereof to the multiplexing circuit 38.
[0242] 



More specifically, the high frequency encoding circuit 37 determines to which cluster, of multiple
clusters in a feature space of a preset pseudo high frequency 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 pseudo high frequency sub-band
power difference vector) belong. Now, a pseudo high frequency sub-band power difference vector in a
certain time frame J  - 87 - SP248477 indicates an (eb-sb) dimension of vector which has values of
pseudo high frequency sub-band power differences powerdiff(ib,J) for each index ib, as the elements
for the vectors. Also, the feature space for the pseudo high frequency sub-band power difference
similarly has an (eb-sb) dimension space. [0243]      In the feature space for the pseudo high
frequency 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 output from the low frequency encoding circuit 32 and the
high frequency encoded data output from the high frequency encoding circuit 37, and outputs an
output code string. 



[0245] Now, regarding an encoding device for the high frequency feature encoding method, a
technique is disclosed  - 88 - SP248477 in Japanese Unexamined Patent Application Publication No.
2007-17908 in which a pseudo high frequency sub-band signal is generated from a low frequency
sub-band signal, the pseudo high frequency sub-band signal and high frequency 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 frequency 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 frequency 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 Publication No. 2007-17908, 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 quality. [0247]  - 89 - 



SP248477      Also, with the above-described processing, if there is leeway in the calculating amount,
the low-frequency decoding circuit 39 may input the low frequency signal obtained by decoding the low
frequency encoded data from the low frequency 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 frequency signals obtained by having decoded the low
frequency 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 frequency
sub-band power difference ID that is calculated based on the feature amount calculated from the
decoded low frequency signal in the code string enables estimation of high frequency sub-band power
with higher precision in the decoding 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. [0249] The decoding device
40 is made up of a demultiplexing  - 90 - SP248477 circuit 41, low frequency decoding circuit 42,
sub-band dividing circuit 43, feature amount calculating circuit 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 into high frequency encoded data and low frequency encoded data, and supplies
the low frequency encoded data to the low frequency decoding circuit 42 and supplies the high
frequency encoded data to the high frequency decoding circuit 45. [0251] 



The low frequency decoding circuit 42 performs decoding of the low frequency encoded data from the
demultiplexing circuit 41. The low frequency decoding circuit 42 supplies the low frequency 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  - 91 - 3P248 477 signals (decoded 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 frequency 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 frequency sub-band power calculating circuit 46.
[0255]      The decoded high frequency sub-band power calculating circuit 46 calculates the decoded
high frequency sub-band power, based on one or multiple feature amounts from the  - 92 - SP248477
feature amount calculating circuit 44 and the decoded 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 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 frequency sub-band power calculating circuit 46, and supplies this to the 



synthesizing circuit 48. [0257]      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, 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 3131, the demultiplexing circuit
41  - 93 - SP248477 demultiplexes the input code string into high frequency encoded data and low
frequency encoded data, supplies the low frequency encoded data to the low frequency decoding
circuit 42, and supplies the high frequency encoded data to the high frequency decoding circuit 45. 



[0260]      In step 5132, the low frequency decoding circuit 42 performs decoding of low frequency
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 S133, the sub-band dividing circuit 43 divides the decoded
low frequency signal from the low frequency decoding circuit 42 equally into multiple sub-band signals
having predetermined bandwidths, and supplies the obtained decoded low frequency sub-band signal
to the feature amount calculating circuit 44 and decoded high frequency signal generating circuit 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 frequency sub-band
signals from the sub-band dividing  - 94 - SP248477 circuit 43 and the decoded low frequency signals
from the low frequency decoding circuit 42, and supplies this to the decoded high frequency 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 feature amount calculating circuit 14 in Fig. 3, and the
processing in step S134 is basically the same as the processing in step S4 in the flowchart in Fig. 4,
so detailed description thereof will be omitted. 



[0263]      In step S135, the high frequency decoding circuit 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 frequency
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 3136, 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 amount calculating circuit 44
and decoded high frequency sub-band power estimating coefficient from the high frequency decoding
circuit 45. Note that the  - 95 - SP248477 decoded high frequency 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 S136 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 S137, 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 frequency 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 frequency signal generating
circuit 16 in Fig. 3, and the processing in step 3137 is basically the same as the processing in step S6
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,  - 96 - SP248477 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 consequently, music signals can be played with greater
sound quality. [0268]      Also, according to the processing described above, the only information for
generating the high frequency 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. [0269]
The above description has been made regarding encoding processing and decoding processing to
which the present invention is 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 



- 97 - SP248477 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 Frequency Sub-Band
Power Difference, and Calculating Method of Decoded High Frequency Sub-Band Power Estimating
Coefficient Corresponding to Each 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. [0271] [Functional Configuration Example of Coefficient Learning Device]      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 frequency sub-band power estimating
coefficients for  - 98 - 



SP248477 each cluster. [0272]      The signal components below a cutoff 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 encoding 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 circuit 53, pseudo high frequency sub-band power
calculating circuit 54, pseudo high frequency sub-band power difference calculating circuit 55, pseudo
high frequency sub-band power difference clustering circuit 56, and coefficient estimating circuit 57.
[0274]      Note that each of the low-pass filter 51, sub-band dividing circuit 52, feature amount
calculating circuit 53, and pseudo high frequency sub-band power calculating circuit 54 of the
coefficient learning device 50 in Fig. 15 have basically the same configuration and functionality as the
respective low-pass filter 31, sub-band dividing circuit 33,  - 99 - SP248477 feature amount calculating
circuit 34, and pseudo 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 55
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 frequency sub-band power difference clustering circuit 56, and the high
frequency sub-band power calculated in the event of calculating the pseudo high frequency sub-band
power difference is supplied to the coefficient estimating 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 frequency 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  - 100 - SP248477 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 50 in Fig. 15 will be described with reference to
the flowchart in Fig. 16. 



[0279]      Note that the processing in steps S151 through S155 in the flowchart in Fig. 16 is similar to
the processing in steps 3111 and 3113 through S116 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 3156, 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  - 101 - SP248477 the pseudo high
frequency sub-band power difference from the pseudo high frequency sub-band power difference
calculating circuit 55 into 64 clusters, for example, and calculates representative vectors for each
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-of-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 frequency sub-band power difference clustering circuit 56 uses a pseudo high frequency
sub-band power difference vector obtained from the pseudo high frequency sub-band power difference
from the pseudo high frequency sub-band power difference calculating circuit 55 in a time frame J to
measure the distance from the 64 representative vectors, and determines an index CID(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
frequency sub-band power difference clustering circuit 56 thus outputs the 



- 102 - SP248477 representative vector, and supplies the index CID(J) to the coefficient estimating
circuit 57. [0282]      In step 3157, 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 frequency sub-band power supplied to the same time frame from the
pseudo high frequency 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 coefficient learning
device 20 in Fig. 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 vectors 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 power estimating coefficient output by the high frequency decoding  - 103 -
SP248477 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 quality. 



[0284]      Further, the coefficient data for calculating high frequency sub-band power in the pseudo
high frequency sub-band power calculating circuit 35 of the encoding device 30 and the decoded 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 a, 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 p, optimal for jazz,
is recorded in the header. [0289]      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 device 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. [0291]     Advantages of using this method will be described below. [0292]  - 105 - SP248477
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 frequency 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. [0293]      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
pseudo high frequency sub-band power difference ID is output as high frequency encoded 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.
- 106 - SP248477 [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 30 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 calculating circuit 34 uses the
low-frequency sub-band signal supplied from the sub-band dividing circuit 33 to calculate the low
frequency 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 frequency 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.  - 107 - SP248477
[0299]      Specifically, multiple sets of the coefficient A,b(kb) and coefficient Bib for the various
sub-band used to compute the above-described Expression (2) are prepared beforehand, as decoded
high frequency sub-band power estimating coefficients. For example, these coefficients A,b(kb) and
coefficient Bib are found beforehand with regression analysis using a least square method, with the
low frequency sub-band power as explanatory variables, and the high frequency sub-band power as
an explained variable. In the regression analysis, an input signal made up of low frequency sub-band
signals and high frequency sub-band signals are used as the wide band teacher signal. [0300] 



The pseudo high frequency 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 frequency sub-band power of each high frequency side sub-band, and
supplies these to the pseudo high frequency sub-band power difference calculating circuit 36. [0301]
The pseudo high frequency sub-band power difference  - 108 - SP248477 calculating circuit 36
compares the high frequency 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 from
the pseudo high frequency sub-band power calculating circuit 35. [0302]      As a result of the
comparison, of the multiple decoded high frequency sub-band power estimating coefficients, the
pseudo high frequency 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 coefficient index of the decoded high frequency sub-band power
estimating coefficient, 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 3181 through step 3183 is similar to step 3111 through step S113 in Fig. 12, so
description thereof will be omitted. 



- 109 - SP248477 [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 frequency sub-band power calculating circuit 35. [0305]
Specifically, the feature amount calculating circuit 34 performs the computation in Expression (1)
described above to calculate, as the feature amount, the low frequency sub-band power, power(ib,J),
of frame J (where 0J) for each sub-band ib (where sb-3ibsb) 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. [0306] 



In step S185, the pseudo high frequency sub-band power calculating 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 frequency sub-band power difference
calculating circuit 36. [0307] For example, the pseudo high frequency sub-band power  - 110 - 5P248
477 calculating circuit 35 uses the coefficient Am(kb) and coefficient Bib that are recorded beforehand
as decoded high frequency sub-band power estimating coefficient and the low frequency sub-band
power, power (kb,J) (where sb-3kb sb), to perform the computation in Expression (2) described above,
and calculates the pseudo high frequency sub-band power, powerest(ib,J). [0308]      That is to say,
the coefficient Am(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 Bib is added to the sum of the low frequency sub-band powers multiplied by the
coefficients, and becomes the pseudo high frequency sub-band power, powerest(ib,J). The pseudo
high frequency sub-band power is calculated for each high frequency side sub-band wherein the index
is sb+1 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 frequency
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. 



SP248477 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 the pseudo high frequency 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 to 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 frequency sub-band signals and sub-bands of the
high frequency 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  - 112
- SP248477 power, power(ib,J) in frame J, and the pseudo high frequency sub-band power,
power"t(ib,J). Thus, for each decoded high frequency sub-band power estimating coefficient, a pseudo
high frequency sub-band power difference, powerdiff(ib,J), is obtained for each high frequency side
sub-band wherein the index is sb+1 through eb. 



[0313]       In step S187, the pseudo high frequency sub-band power difference calculating circuit 36
calculates the following Expression (15) for each decoded high frequency sub-band power estimating
coefficient, and calculates the square sum of the pseudo high frequency sub-band power difference.
[0314] [Expression 15] eb E(J, id) =E(powerdiff( ib,J, id)12   (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. Also, in Expression (15), powerf(ib,J,id)
represents the pseudo high frequency sub-band power difference powerdiff(ib,J) of frame J of the
sub-band wherein the index is ib, which is  - 113 - SP248477 found for the decoded high frequency
sub-band power estimating coefficient wherein the coefficient index is id. The sum of squared
differences E(J, id) is calculated for each of K decoded high frequency sub-band power estimating
coefficients. 



[0316]      The sum of squared differences E(J, id) thus obtained shows 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. [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 squared 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 frequency
sub-band power estimating coefficient. In other words, the decoded high frequency sub-band power
estimating coefficient having a minimal sum of squared differences ER, 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.  - 114 - SP248477 [0318]      Thus, the pseudo high frequency
sub-band power difference calculating circuit 36 selects the sum of squared 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 frequency encoding circuit 37. [0319]      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. [0320] 



For example, in step S188, entropy encoding or the like is performed as to the coefficient index. Thus,
the information amount of high frequency encoded data output to the decoding 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 frequency sub-band 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 frequency encoded
data supplied from the high frequency encoding circuit 37, outputs the output code string obtained as a
result thereof, and ends the encoding processing. [0322]      Thus, by outputting the high frequency
encoded data, obtained by encoding the coefficient index, as output code string, together with the low
frequency 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 frequency
band extending processing. Thus, signals with greater sound quality can be obtained. [0323]
[Functional Configuration Example of Decoding Device]      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.  



- 116 - SP248477 [0324]      The decoding device 40 in Fig. 20 is the same as the decoding device 40
in Fig. 13, from the point 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 from the low frequency decoding circuit 42 is not supplied to the feature 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
frequency sub-band power calculating circuit 35 in Fig. 18. That is to say, a set of the coefficient
Ath(kb) and coefficient Bth serving as the decoded high frequency sub-band power estimating
coefficient found by the regression analysis beforehand is correlated to the coefficient index and
recorded. [0326]      The high frequency decoding circuit 45 decodes the high frequency encoded data
supplied from the demultiplexing circuit 41, and supplies the decoded high frequency sub-band power
estimating coefficient shown with the coefficient index obtained as a result thereof to the decoded high
- 117 - SP248477 



frequency sub-band power calculating circuit 46. [0327] [Decoding 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. Note that the processing in step 3211 through step 3213 is similar to the processing in step
3131 through step S133 in Fig. 14, so description thereof will be omitted. [0329]      In step 3214, the
feature amount calculating circuit 44 uses the decoded low frequency sub-band signal from the
sub-band dividing circuit 43 to calculate the feature amount, and supplies this to the decoded high
frequency sub-band power calculating circuit 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 5 J) as the feature amount, for the various low
frequency side sub-bands ib. [0330]  - 118 - SP248477 



In step S215, the high frequency 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 frequency sub-band power calculating circuit 46. That is to say, of the multiple decoded high
frequency sub-band power estimating coefficients recorded beforehand in the high frequency 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 3216, the decoded high frequency sub-band
power calculating circuit 46 calculates 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, 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,b(kb) and Bib
serving as the decoded high frequency sub-band power  - 119 - SP248477 estimating coefficients, and
the low frequency sub-band power, power(kb,J), (where sb-3 5 kb 5 sb) as the feature amount, to
perform the computation in the above-described Expression (2), and calculates the decoded high
frequency 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+1 through eb. [0333]      In step S217, the decoded
high frequency signal generating circuit 47 generates a decoded high frequency signal, based on the
decoded low frequency sub-band signal supplied from the sub-band dividing circuit 43 and the
decoded high frequency 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
performs the computation in the above-described Expression (1), using the decoded low frequency
sub-band signal, and calculates the low frequency sub-band power for each low frequency side
sub-band. The decoded high frequency signal generating circuit 47 then uses the obtained low
frequency 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 frequency
side sub-band. 



- 120 - SP248477 [0335]      Further, the decoded high frequency signal generating circuit 47 uses the
gain amount 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 frequency sub-band signal x(ib,n) to amplitude
adjustment, according to the ratio 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 frequency side sub-band
frequency component is converted to a frequency component signal of the high frequency side
sub-band, and a high frequency 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  - 121 - SP248477 a frequency region is
called a band block, and a frequency band is divided so that one band block (hereafter particularly
called low frequency 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+1 through sb+4 is considered one band block. Note that
hereafter, a band block on the high frequency side, i.e. made up of sub-bands wherein the indices are
sb+1 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 frequency 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 is sb+1, the sub-band of interest is a band having the lowest
frequency of the high frequency 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.  - 122 - 



SP248477 [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 frequency sub-band signal of the
sub-band of interest. [0342]      That is to say, the decoded high frequency sub-band power and low
frequency sub-band power are substituted in the Expression (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
frequency 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 decoded high frequency signal generating circuit 47 further performs
computation in Expression (7) described above, finds the sum of the obtained various high  - 123 -
SP248477 frequency sub-band signals, and generates the decoded high frequency signal. The
decoded high frequency signal generating circuit 47 supplies the obtained decoded high frequency
signal to the synthesizing circuit 48, and the processing is advanced to step 3217 through step 5218.
[0344] 



In step 5218, the synthesizing circuit 48 synthesizes the decoded low frequency signal from the low
frequency decoding circuit 42 and the decoded high frequency signal form the decoded high frequency
signal generating circuit 47, and outputs this as an output signal. Subsequently, the decoding
processing is then ended. [0345]     As described above, according to the decoding device 40, a
coefficient index is obtained from the high frequency encoded data which is obtained by demultiplexing
the input code string, and the decoded high frequency 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]  - 124 - SP248477 



Also, an example is described above of a case wherein only the coefficient index is included in the
high frequency encoded data, but other information may be included. [0347]      For example, if the
coefficient index is included in the high frequency encoded data, the decoded high frequency 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, powerdiff(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 frequency 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 difference of each sub-band is included in the high frequency encoded
data, the general error of the decoded high frequency sub-band power as to the actual high frequency
sub-band power can be known at the decoding device 40 side. Thus, the estimation precision for  -
125 - SP248477 the high frequency sub-band power can be further improved, using this error. [0350] 



The encoding processing and decoding processing in the case of a pseudo high frequency sub-band
power difference being included in the high frequency 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 3181 through step
S186 in Fig. 19, so description thereof will be omitted. [0352]      In step 3247, the pseudo high
frequency 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 frequency sub-band power estimating 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  - 126 - SP248477 differences (J,id), and supplies, to the high
frequency encoding circuit 37, the coefficient index showing the decoded high frequency sub-band
power estimating coefficient corresponding to the sum of squared differences thereof. [0354]
Further, the pseudo high frequency sub-band power difference calculating circuit 36 supplies the
pseudo high frequency sub-band power difference powerthff(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 frequency 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 38. [0356]      Thus, the pseudo high frequency sub-band
power difference for each sub-band at the high frequency side, wherein the index is sb+1 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.  - 127 - SP248477 [0357]      Upon the high frequency encoded data
having been obtained, subsequently, the processing in step S249 is performed and encoding
processing is ended, but the processing in step 3249 is similar to the processing in step S189 in Fig.
19 so description thereof will be omitted. [0358]      As described above, when the pseudo high
frequency sub-band power difference is included in the high frequency 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 3274 is similar
to the processing in step S211 through step 3214 in Fig. 21, so description thereof will be omitted.
[0360]      In step S275, the high frequency decoding circuit 45 performs decoding of the high
frequency encoded data supplied from the demultiplexing circuit 41. The high  - 128 - SP248477
frequency decoding circuit 45 then supplies the decoded high frequency sub-band power estimating
coefficient indicated by the coefficient index obtained 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 calculating circuit 46. [0361]      In step S276, the decoded high frequency sub-band
power calculating circuit 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 3276, processing similar to that in step S216 in Fig. 21 is performed. [0362]      In
step S277, the decoded high frequency sub-band power calculating circuit 46 adds the pseudo high
frequency 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 frequency sub-band
power, and supplies this to the decoded high frequency signal generating circuit 47. That is to say, to
the decoded high frequency sub-band power for each calculated sub-band is added the pseudo high
frequency sub-band power  



- 129 - SP248477 difference of the same sub-band. [0363]      Subsequently, processing in step 3278
and step 3279 is performed and the decoding processing is ended, but the processing herein is the
same as that in step 3217 and step S218 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 frequency 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 frequency 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 frequency sub-band power can be improved, and music signals can be played
with greater sound quality. [0365]      Note that the difference in estimated values of the high frequency
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.  - 130 - SP248477 [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
pseudo high frequency sub-hand 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 closer to the actual high frequency signal
can be obtained. [0367] <5. Fifth Embodiment>      Note that the encoding device 30 in Fig. 18 is
described such that the pseudo high frequency sub-band power difference calculating circuit 36
selects, as the sum of squared differences E(J,id) as an indicator, an optimal sum of squared
differences from multiple coefficient indices, but an indicator different from a sum of squared
differences may be used to select the coefficient index.  - 131 - SP248477 [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 frequency sub-band power and pseudo high frequency
sub-band power may be used as the indicator to select the coefficient index. In such a case, the
encoding device 30 in Fig. 18 performs encoding processing shown in the flowchart in Fig. 24. [0369]
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 3301 through step 3305 is similar to the
processing in step S181 through step S185 in Fig. 19, so description thereof will be omitted. Upon the
processing in step 3301 through step S305 having been performed, the pseudo high frequency
sub-band power for each sub-band is calculated for each of K decoded high frequency sub-band
power estimating coefficients. [0370]      In step S306, the pseudo high frequency 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]  - 132 - SP248477       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 frequency 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 Resstd(id,J). [0373] [Expression 16]
Resstd(id,J)=power(ib,J)--powerest(ib, id,J)12 ib=sb 1   (16) [0374] 



That is to say, for each sub-band at the high frequency side wherein the index is sb+1 through eb, the
difference of the high frequency sub-band power, power(ib,J) of the frame  - 133 - SP248477 J and the
pseudo high frequency sub-band power, power,ft(ib,id,J) is found, and the square sum of the
difference thereof becomes the residual mean square value Ressi4(id,J). Note that the pseudo high
frequency sub-band power, power,ft(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 Res",,"(id,J). [0376] [Expression 17] Resnax (i d, J)
=!power (ib, J) -powerest (i b, id, %)i] - (17) [0377] 



Note that in Expression (17), maxibupower(ib,J)- powerest(ib,id,J)11 represents the greater of the
absolute values of the difference between the high frequency sub-band power, power(ib,J), of each
sub-band wherein the index is sb+1 through eb, and the pseudo high frequency sub-band power,
power"t(ib,id,J). Accordingly, the maximum value of  - 134 - SP248477 the absolute values of the
difference between the high frequency sub-band power, power(ib,J), in frame J and the pseudo high
frequency sub-band power, powerest(ib,id,J), becomes the residual maximum value Res.(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 Res",(id,J). [0379] [Expression 18]
Resue(id,J)==Ifpower(ib,J)--powerest(ib, id,J)I Vb=sb+1 Reb--sb) I- (1 8) 



[0380]       That is to say, for each sub-band at the high frequency side wherein the index is sb+1
through eb, the difference between the high frequency sub-band power, power (ib,J) of frame J, and
the pseudo high frequency sub-band power, powerest(ib,id,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 Res"(id,J). The residual  - 135 - SP248477 mean value Resava(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 Resatd(id,J),
residual maximum value Resmax(id,J), and residual mean value Resave(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) =Resstd ( i d, J)
+Wmax x Res. ( i d, J) +Wave x Res"e ( i d, J) 



(19) [0383]       That is to say, the residual mean square value Ressad(id,J), residual maximum value
Resmax(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 Wma. and Wave are preset weightings,
and for example may be Wma. = 0.5, Wave = 0.5 or the like. [0384]       The pseudo high frequency
sub-band power difference calculating circuit 36 performs the above-described processing, and
calculates the evaluation value Res(id,J)  - 136 - SP248477 for each of K decoded high frequency
sub-band power estimating coefficients, i.e. for each of K coefficient indices id. [0385] 



In step S307, the pseudo high frequency 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. [0386]
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, the pseudo high frequency sub-band power difference calculating circuit 36 selects
an evaluation value wherein, of the K evaluation  - 137 - SP248477 values Res(id,J), the value is
minimum, and supplies, to the high frequency encoding circuit 37, the coefficient index indicating the
decoded high frequency sub-band power estimating coefficient corresponding to the evaluation value
thereof. [0388]      Upon the coefficient index being output to the high frequency encoding circuit 37,
subsequently the processing in step 5308 and step S309 are performed and the encoding processing
is ended, but this processing is similar to that in step 5188 and step 5189 in Fig. 19, so description
thereof will be omitted. [0389] 



As shown above, with the encoding device 30, the evaluation value Res(id,J) calculated from the
residual mean square value Ressui(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 coefficient is selected. [0390]      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 of using the sum of squared differences, whereby an more proper decoded high
frequency sub-band power estimating  - 138 - SP248477 coefficient can be selected. Thus, with the
decoding device 40 which receives input of the output code string, a decoded high frequency sub-band
power estimating coefficient that is optimal for the frequency band extending processing can be
obtained, and signals with greater sound quality can be obtained. [0391] <Modification 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 frequency sub-band power for 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 consequently, the high frequency
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.  - 139 - SP248477 [0393]      Now, in the case
of selecting a coefficient index with the encoding device 30, estimation results of the high frequency
component with the frame that is temporally 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 3331 through step S336 is similar to the
processing in step 5301 through step 5306 in Fig. 24, so description thereof will be omitted. [0395]
In step 5337, the pseudo high frequency 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 frequency sub-band power difference calculating circuit 36 records the pseudo high
frequency 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. Now, the finally selected 



- 140 - SP248477 coefficient index is the coefficient index that is encoded by the high frequency
encoding circuit 37 and output by the decoding device 40. [0397]       Hereafter, we will say that the
coefficient index id selected particularly in the frame (J-1) is idselectsci(J-1). Also, the description will
be continued where the pseudo high frequency sub-band power of the sub-band having the index of ib
(where sb+1ib eb), obtained using the decoded high frequency sub-band power estimating coefficient
of the coefficient index idselected () I as pOWer est ( ib , idselected ( J-1), J-1) . [0398]       The pseudo
high frequency sub-band power difference calculating circuit 36 first calculates the next Expression
(20), and calculates an estimated residual mean square value ResPstd(id,J). [0399] 



[Expression 20] eb ResPste ( d,=tpowe rest ( b, i dee I acted (J-1) , J-1) ibr-sb+1 -powerest ( i b, d,
J)}2(20) [0400]  - 141 - SP248477 side wherein the index is sb+1 through eb, the difference is found
between the pseudo high frequency sub-band power, power,ft(ib,idseact(3d(J-1),J-1) of the frame (J-1)
and the pseudo high frequency sub-band power, powerest(ib,id,J) of the frame J. The square sum of
the difference thereof then becomes the estimated residual mean square value ResPri(id,J). Note that
the pseudo high frequency sub-band power, powerest(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]      The
estimated residual mean square value ResPstd (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 ResPstd (id,J) is, the less temporal change there will be in
the high frequency component estimated value. 



[0402]      Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
the following Expression (21), and calculates an estimated residual maximum value ResP,..(id,J).  -
142 - SP248477 [0403] [Expression 21] ResPmax(id, J) = maxlb { I POVie rest(jb, dse ected (J-1) ,
J-1) -powerest b, d,- - - (21) [0404] Note that in Expression (21), idseiectea represents the greater of
the absolute values of the difference between the pseudo high frequency sub-band power,
powerest(ib,idselected (J-1),J-1) of each sub-band wherein the index is sb+1 through eb, and the
pseudo high frequency sub-band power, power.t(ib,id,J). Accordingly, the maximum value of the
absolute values of the difference in the pseudo high frequency sub-band power between temporally
consecutive frames becomes the estimated residual maximum value ResPinax(id,J). [0405] 



The smaller that the value of the estimated residual maximum value ResPmax(id,J) is, the closer the
estimation results will be of the high frequency components between consecutive frames. [0406]
Upon the estimated residual maximum value ResP.a.(id,J) having been obtained, next the pseudo
high frequency sub-  - 143 - SP248477 band power difference calculating circuit 36 calculates the
following Expression (22), and calculates an estimated residual mean value ResP""(id,J). [0407]
[Expression 22]  eb ipowerest (ib, i dse I acted (J-1) , J-1) 



ib=sb+1 ResPave (id, J) =     -powerest (I b, id, J) I/ (eb-sb) I )- (22) [0408]       That is to say, for each
sub-band at the high frequency side wherein the index is sb+1 through eb, the difference is found
between the pseudo high frequency sub-band power, power,ft(ib,idselected(J-1),J-1) of the frame (J-1)
and the pseudo high frequency sub-band power, power"t(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 ResP"(id,J).
The estimated residual mean value ResP""(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.
[0409]  



- 194 - SP248477       Further, upon obtaining the estimated residual mean square value
ResPstd(id,J), estimated residual maximum value ResPimax(id,J), and estimated residual mean value
ResPm,e(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 ( i d, J) =ResPatd ( i d,+Wmax X ResP,,,a), ( i d, J) +Wa" X ResPave ( i d,- - (23) [0411]       That
is to say, the estimated residual mean square value ResPstd(id,J), estimated residual maximum value
ResFmax(id,J), and estimated residual mean value ResPave(id,J) are added with weighting, and
become the evaluation value ResP(id,J). Note that in Expression (23), the Wmax and Wave are preset
weightings, and for example may be Wma, = 0.5, Wave ave = 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 S338. [0413] In step S338, the pseudo
high frequency sub-band power  - 145 - SP248477 difference calculating circuit 36 calculates the
following Expression (24), and calculates a final evaluation value Resall(id,J). [0414] [Expression 24]
Resai i (I d, J) =Res ( i d, J) +Yip (J) X ResP ( i d, 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]   -power r
(J)  50+1(OLC- powerr (J) -C 50) Wp (J) =   (otherwise)-   (25) [0417] Also, the powerr(J) in Expression
(25) is a value defined by the following Expression (26). [0418] [Expression 26] 



- 146 - SP248477   eb \ Z [power ( i b, J) -power ( i b, J-1)12 b-sb+1  power r (44 =  



/ (eb-sb)      (26) (0419]       The power,(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 W(J) is a
value in a predetermined range where power(J) is near 0, W(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. [0421]       The more steady the high frequency components of the input
signal are, the closer that the weighting W(J) is a value that becomes closer to 1, and conversely, the
more the high frequency components are not steady, the closer the - 147 - SP248477 value becomes
to 0. Accordingly, with the evaluation value Resan(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 ResP(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 decoded high frequency
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. Conversely, with a non-constant region of the
input signal, the item for evaluation value ResP(id,J) in the evaluation value Resajd(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 frequency sub-band power difference calculating circuit 36 performs the
processing above, and calculates an evaluation value Resan(id,J) for each of K decoded high
frequency sub-band power estimating  - 148 - SP248477 coefficients. [0424]      In step 3339, the
pseudo high frequency sub-band power difference calculating circuit 36 selects a coefficient index id,
based on the evaluation value Resan(id,J) for each decoded high frequency sub-band power
estimating coefficients that is found. [0425]      The evaluation value Resan(id,J) obtained with the
processing above linearly combines the evaluation value Res(id,J) and the evaluation value
ResP(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. Also, 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 Resajd(id,J) is,
the more proper decoded high frequency signal can be obtained. Thus, of the K evaluation values
Resan(id,J), the pseudo high frequency sub-band power difference calculating circuit 36 selects an
evaluation value having the smallest value, and supplies the 



- 149 - SP248477 coefficient index indicating the decoded high frequency sub-band power estimating
coefficient corresponding to the evaluation value thereof, to the high frequency encoding circuit 37.
[0427]      Upon the coefficient index having been selected, subsequently the processing in step 5340
and step S341 is performed and the encoding processing is ended, but the processing herein is similar
to step 5308 and step S309 in Fig. 24, so description thereof will be omitted. [0428]      As shown
above, with the encoding device 30, the evaluation value Resan(id,J) that is obtained by linearly
combining the evaluation value Res(id,J) and the evaluation value ResP(id,J) is used, and an optimal
coefficient index of the decoded high frequency sub-band power estimating coefficient is selected.
[0429]      By using the evaluation value Resajd(id,J), similar to the case of using the evaluation value
Res(id,J), a more proper decoded high frequency sub-band power estimating coefficient can be
selected by more evaluation scales. Additionally, by using the evaluation value Resan(id,J), temporal
variations in the constant region of the high frequency components of the signal to be played can be  -
150 - 



SP248477 suppressed at the decoding device 40 side, and a signal with greater sound quality can be
obtained. [0430] <Modification 2>      Now, with the frequency band extending processing, if a higher
sound quality for audio is to be obtained, the more the sub-bands at the low frequency 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 5371 through step S375 is similar to the processing in step 5331 through step S335
in Fig. 25, so description thereof will be omitted.  - 151 - SP248477 



[0433]      In step S376, the pseudo high frequency sub-band power difference calculating circuit 36
calculates an evaluation value ResW                  - band (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 frequency
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 frequency
sub-band power, power(ib,J) in the frame J. [0435]      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 (27), and calculates a residual mean value
ResstdWband(id,J). [0436] [Expression 27] eb ReSstdWband (lb. J) = Z Riband b) x {power ( i b, J)
ib=sb+1 -powerest ( b,J)}}2- - (27) 



- 152 - SP248477 [0437]       That is to 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, powerest(ib,id,J) is found, and weighting W
-band (ib) for each sub-band is multiplied by the difference thereof. The square sum of the difference
which is multiplied by the weighting W                      -band (ib) becomes the residual mean square
value ResstcMband(id,J). [0438] Now, the weighting wband (ib) (wherein sb+1ibeb) 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 w -band (ib) becomes. 



[0439] [Expression 28] Wband(Ib) = -3 x i b +4 7   (28)  [0440]       Next, the pseudo high frequency
sub-band power difference calculating circuit 36 calculates the residual maximum value Res w
max-band (id,J). Specifically, the maximum value of the absolute value of those which have had the
weighting W band (ib) multiplied by the difference of the high  - 153 - SP248477 



frequency sub-band power, power(ib,J), of the various sub-band wherein the index is sb+1 through eb
and the pseudo high frequency sub-band power, powerest(ib,id,J), becomes the residual maximum
value Res W max-band ( id,J) . [0441]       Also, the pseudo high frequency sub-band power difference
calculating circuit 36 calculates the residual mean value ResaveWband ( id, J) . [0442] Specifically, for
each sub-band wherein the index is sb+1 through eb, the differences between the high frequency
sub-band power, power(ib,J) and pseudo high frequency sub-band power, power"t(ib,id,J) are found
and multiplied by the weighting multiplied by the weighting Wband (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 ResaveWtana ( id, J) . [0443]
Further, the pseudo high frequency sub-band power difference calculating circuit 36 calculates the
evaluation value Resw                 -band (id,J). That is to say, the sum of the residual mean square
value ResstaWbana(id,J), residual maximum value Rest,,,Whasui(id,J) which has been multiplied by
the weighting 



- 154 - SP248477 Wmax r and the residual mean value ResaveW band (id,J) which has been
multiplied by the weighting W - ave is the evaluation value ResWband(id,J). [0444]       In step 5377,
the pseudo high frequency sub-band power difference calculating circuit 36 calculates the evaluation
value ResPW - -band (id,J) that uses a past frame and current frame. [0445]       Specifically, the
pseudo high frequency sub-band power difference calculating circuit 36 records the pseudo high
frequency 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 ResPstaWbanci(id,J). That is to say, for each sub-band at
the high frequency side wherein the index is sb+1 through eb, the differences between the pseudo
high frequency sub-band power, poweren(ib,id(J-1),J-1), and pseudo high frequency sub-band power,
powerest(ib,id,J), are found and multiplied by the weighting W -band  - 155 - SP248477 square sum of
the differences multiplied by the weighting Wband (ib) is the estimated residual mean square value
Res PstdWband(id, I3)  [0447]       Next, the pseudo high frequency sub-band power difference
calculating circuit 36 calculates an estimated residual maximum value Res? w
- max-band (id,J). Specifically, that which is the maximum value of the absolute values obtained by
multiplying the weighting Wband (ib) by the differences between the pseudo high frequency sub-band
power, powerest(ib,idselectecl(J-1),J-1) for each sub-band wherein the index is sb+1 through eb, and
the pseudo high frequency sub-band power, powerest(ib,id,J), is taken as the estimated residual
maximum value ResP W - max-band ( id, J) . 



[0448]       Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
an estimated residual mean value ResP W                                 ave -band (id,J). Specifically, the
differences between the pseudo high frequency sub-band power, powerest(ibridselected(J-1),J-1) for
each sub-band wherein the index is sb+1 through eb, and the pseudo high frequency sub-band power,
powerest(ib,id,J), are found, and multiplied by the weighting Wband (ib). The absolute value of the
value obtained by dividing the sum total of differences that are multiplied by the weighting  - 156 -
SP248477 bands (eb-sb) at the high frequency side is the estimated residual mean value ResP W -
ave -band ( d, J). [0449]       Further, the pseudo high frequency sub-band power difference calculating
circuit 36 finds the sum of the estimated residual mean square value ResP,LdWband(id,J), estimated
residual maximum value ResP W - max band (id,J) that has been multiplied by the weighting Wmax,
and estimated residual mean value ResRaveWbana(id,J) that has been multiplied by the weighting 



ResPWbanci(id,J). [0450]       In step 5378, the pseudo high frequency sub-band power difference
calculating circuit 36 adds the evaluation value Resw band (id,J) and the evaluation value ResPw -
band (id,J) that has been multiplied by the weighting W(J) in Expression (25), and calculates a final
evaluation value ResaliWband (id,J). The evaluation value ResallW -band (id, J) herein is calculated
for each of K decoded high frequency sub-band power estimating coefficients. [0451]
Subsequently, the processing in step S379 through step S381 is performed and the encoding
processing is ended, but the processing herein is similar to the processing in step S339 through step
S341 in Fig. 25, so description thereof  



- 157 - SP248477 will be omitted. Note that in step S379, of the K coefficient indices, that which has
the smallest evaluation value ResanWband(id,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 quality 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 ResanWhand(id,J), but the decoded
high frequency sub-band power estimating coefficient may be selected based on the evaluation value
ResW -band (id,.  [0454] <Modification 3>      Further, human hearing has a nature to better sense a
frequency band when the amplitude (power) of the frequency 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 



- 158 - SP248477 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 3401 through step 5405 is similar to the processing in step S331
through step 3335 in Fig. 25, so description thereof will be omitted. [0456]      In step S406, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates an evaluation value ReqW
- -power (id,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 similar to the
above-described Expression (1), and calculates the high frequency sub-band power, power(ib,J), in
frame J. [0458]       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 (29), and calculates a residual mean square value Res  



- 159 - SP248477 [0459] [Expression 29] eb ReSstd Wpowe r(ld, J) =E(Wporte r (POwer(ib,J))
ib=sb-bi x {power ( i b, J) -powerest(jb, d, J)112    (29) [0460]       That is to say, the differences
between the high frequency 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 frequency side wherein the index is sb+1
through eb, are found, and a weighting W -power (power(ib,J)) for each sub-band is multiplied by
these differences. The square sum of the differences multiplied by weighting Wpcmer(power(ib,J)) is
the residual mean square value ResstaWpower (id, J) . 



[0461] Now, the weighting Wpower(power(ib,J)) (where sb+1ib 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 thereof increases. [0462] [Expression 30]  -
160 - SP248477    



[0463]       Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
a residual maximum value Res W                                  max - power (id,J). Specifically, that which is
the maximum value of the absolute values obtained by multiplying weighting W
- power ( Po wer(ib,J)) by the differences between the high frequency sub-band power, power(ib,J) for
each sub-band wherein the index is sb+1 through eb, and the pseudo high frequency sub-band power,
powerest(ib,id,J), is the residual maximum value ResmaxWpower(id,J). [0464]       Also, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates a residual mean value
ResaveWpower (id, J) . [0465]       Specifically, the differences between the high frequency sub-band
power, power(ib,J) for each sub-band wherein the index is sb+1 through eb, and the pseudo high
frequency sub-band power, powereet(ib,id,J), are found, and multiplied by the weighting w - power (
Pow er(ib,J)), and the sum total of the differences multiplied by the weighting Wpower ( P er(ib,J)) is
found. The absolute value of the value obtained by dividing the obtained sum total of differences  



- 161 -                                                                      SP248477 by the number of sub-bands (eb-sb) at
the high frequency side is the residual mean value Res"eWpowev(id,J). [0466]       Further, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates the evaluation value ResW
-power (id,J). That is to say, the sum of the residual mean square value ResstaWpower(id,J), residual
maximum value Res W                 max-power (id,J) which has been multiplied by the weighting Wmaxr
and the residual mean value ReseveWp( H J1 ower,i-r-, which has been multiplied by the weighting
Wave, is the evaluation value ResWem,r(id,J). [0467]       In step 3407, the pseudo high frequency
sub-band power difference calculating circuit 36 calculates an evaluation value ResPw-power(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 frequency 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. [0469]  - 162 - SP248477
The pseudo high frequency sub-band power difference calculating circuit 36 first calculates an
estimated residual mean square value ResPstdNpower(id,J). That is to say, for each sub-band at the
high frequency side wherein the index is sb+1 through eb, the differences between the pseudo high
frequency sub-band power, powerest(ib,idseiected(j-1),J-1), and pseudo high frequency sub-band
power, powerest(ib,id,J), are found and multiplied by the weighting W
-power (PO wer(ib,J)). The square sum of the differences multiplied by the weighting Wpower (PO
wer(ib,J)) is the estimated residual mean square value ResP W - std -power (id, J) . [0470] 



Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates an
estimated residual maximum value ResP W                                   -Inax-xxer (id,J). Specifically, that
which is the absolute value of the maximum value of the differences between the pseudo high
frequency sub-band power, powerest(ib,ided(J-1),J-1) for each sub-band wherein the index is sb+1
through eb, and the pseudo high frequency sub-band power, powerest(ib,id,J), multiplied by the
weighting Wpower (Po wer(ib,J)), is the estimated residual maximum value ReSPmaxWpower (id, J) .
[0471]        Next, the pseudo high frequency sub-band power difference calculating circuit 36
calculates an estimated  - 163 - SP248477 residual mean value ResP w - ave-power ( id r LT)
Specifically, the differences between the pseudo high frequency sub-band power,
power.t(ib,idselecteci(J-1),J-1) for each sub-band wherein the index is sb+1 through eb, and the
pseudo high frequency sub-band power, powerest(ib,id,J), are found, and multiplied by the weighting
Wpower (Pow er(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 frequency side is the estimated residual mean value ResPa,Wpower(id,J). [0472]
Further, the pseudo high frequency sub-band power difference calculating circuit 36 finds the sum of
the estimated residual mean square value ResPnidWpower(id,J), estimated residual maximum value
ResP W 



- max power (id,J) that has been multiplied by the weighting Wt., and estimated residual mean value
ResP W - ave -power (id,J) that has been multiplied by the weighting w                     aver and takes
this as evaluation value ResWpower(id,J). [0473]        In step 3408, the pseudo high frequency
sub-band power difference calculating circuit 36 adds the evaluation value ResWpower (id,J) and the
evaluation value ResPw - -power (id,J) that has been multiplied by the weighting W(J) in Expression
(25), and calculates a final evaluation value  - 164 - SP248477 



RessaiWpower(id,J). The evaluation value ResanWpower(id,J) herein is calculated for each of K
decoded high frequency sub-band power estimating coefficients. [0474]       Subsequently, the
processing in step 3409 through step S411 is performed and the encoding processing is ended, but
the processing herein is similar to the processing in step 3339 through step 5341 in Fig. 25, so
description thereof will be omitted. Note that in step 5409, of the K coefficient indices, that which has
the smallest evaluation value ResanWpower(id,J) is selected. [0475]       Thus, so that the weighting
will be placed farther on a sub-band having greater power, each sub-band is weighted, whereby audio
with higher sound quality 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 ResanWpower(id,J), but the decoded high frequency
sub-band power estimating coefficient may be selected based on the evaluation value
ResWpower(id,J). [0477] <6. Sixth Embodiment>  



- 165 - SP248477 [Configuration of Coefficient Learning Device]      Now, a set of coefficient Am(kb)
and coefficient Bib 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 frequency 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 frequency 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. In 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. [0479]      The coefficient
learning device 81 is made up of a sub-band dividing circuit 91, high frequency sub-band power
calculating circuit 92, feature amount calculating circuit 93, and coefficient estimating circuit 94.  



- 166 - SP248477 [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 frequency sub-band components and multiple low frequency sub-band
components. [0481]      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 frequency sub-band signal of each sub-band at the high frequency side wherein
the index is sb+1 through eb is supplied to the high frequency sub-band power calculating circuit 92,
and the low frequency 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 93. [0482]      The high
frequency sub-band power calculating circuit 92 calculates the high frequency sub-band power of the
various high frequency sub-band signals supplied from the sub-band dividing circuit 91, and supplies
this to the coefficient estimating circuit 94. The feature amount  - 167 - SP248477 calculating circuit 93
calculates the low frequency sub-band power as a feature amount, based on the various low
frequency sub-band signals supplied from the sub-band dividing circuit 91, and supplies this to the
coefficient estimating circuit 94. [0483] 



The coefficient estimating circuit 94 generates a decoded high frequency sub-band power estimating
coefficient by using the high frequency 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 Coefficient
Learning Processing]      Next, the coefficient learning processing performed by the coefficient learning
device 81 will be described with reference to the flowchart in Fig. 29. [0485]      In step S431, the
sub-band dividing circuit 91 divides each 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+1 through eb to the high frequency sub-band power
calculating circuit 92, and supplies the low  - 168 - SP248477 frequency sub-band signal of the
sub-band wherein the index is sb-3 through sb to the feature amount calculating circuit 93. [0486]      In
step S432, 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 S433, the feature amount calculating circuit 93 performs computation similar to the
above-described Expression (1) and calculates the low frequency sub-band power as a feature
amount for the various low frequency sub-band signals supplied from the sub-band dividing circuit 91,
and supplies these to the coefficient estimating circuit 94. [0488]      Thus, high frequency sub-band
power and low frequency sub-band power are supplied to the coefficient estimating circuit 94 for the
various frames of the multiple wide band teacher signals. [0489]      In step S434, the coefficient
estimating circuit 94 performs regression analysis using a least square method,  - 169 - SP248477 and
calculates the coefficient Aib(kb) and coefficient Bib for each high frequency side sub-band ib (where
sb+1 5 ib 5 eb) wherein the index is sb+1 through eb. [0490]      Note that with regression analysis, the
low frequency sub-band power supplied from the feature amount calculating circuit 93 is an
explanatory variable, and the high frequency sub-band power supplied from the high frequency
sub-band power calculating circuit 92 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 94 uses the coefficient Aib(kb) and coefficient Bib found
for each sub-band ib to find the residual vector for each frame of the wide band teacher signal. 



[0492]      For example, the coefficient estimating circuit 94 subtracts the sum of the sum total of the
low frequency sub-band power, power(kb,J), which has been multiplied by the coefficient Aib(kb)
(where sb-3 5 kb 5 sb), and the coefficient 31b, from the high frequency sub-band power,  - 170 -
SP248477 power(ib,J), for each sub-band ib(where sb+1 5 lbeb) of frame J, and obtains the residual.
The vector made up of the residuals of each sub-band lb 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 5436, the coefficient
estimating circuit 94 normalizes the residual vectors found of the various frames. For example, the
coefficient estimating circuit 94 



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 lb of the various residual
vectors by the square root of the dispersion value for each sub-band. [0495]      In step 3437, 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 Ath(kb) and
- 171 - SP248477 coefficient 13,1), is called an average frequency envelope SA. Also, we will say that
a predetermined frequency envelope having greater power than the average frequency envelope SA is
a frequency enveloped BR, and that a predetermined frequency envelope having lower power than the
average frequency 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
envelope near the average frequency envelope SA, frequency envelope BR, 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 Aib(kb) and coefficient Bib
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. Therefore, if the residual vector is
clustered without change, a greater  - 172 - SP248477 weighting is placed on sub-bands farther on the
high frequency side, and processing is performed. [0499]      Conversely, with the coefficient learning
device 81, by normalizing 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 equal, and clustering is
performed by weighting the various sub-bands equally. [0500]      In step S438, the coefficient
estimating circuit 94 selects one of the clusters of the cluster CA, cluster CH, or cluster CL, as a
cluster to be processed. [0501] 



In step S439, 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 Aib(kb) and coefficient Bib
of the various sub-bands ib (where sb+1ib 5 eb), with regression analysis. [0502] That is to say, if 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 frequency sub-band power for all of the  -
173 - SP248477 frames to be processed are then explanatory variables and explained variables, and
regression analysis using a least square method is performed. Thus, a coefficient Ath(kb) and
coefficient Bib is obtained for each sub-band ib. [0503] 



In step S440, the coefficient estimating circuit 94 uses the coefficient Ath(kb) and coefficient Bth
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 5441, the coefficient
estimating circuit 94 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 5436. That is
to say, the residual is divided by the square root of the dispersion value and normalizing of residual
vectors is performed by each sub-band. [0505]      In step 5442, the coefficient estimating circuit 94
clusters the residual vectors for all of the frames to be processed that have been normalized, by
k-means or the like. The number of clusters here is defined as follows. For  - 174 - SP248477
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 all 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 S442. [0507]      For example, a cluster obtained by clustering in step 5442
corresponds to the coefficient index, and at the coefficient learning device 81, a coefficient index is
assigned to each cluster, and the decoded high frequency sub-band power estimating coefficient of
each coefficient index is found. 



[0508]      Specifically, let us say that in step 5438 the cluster CA is selected as the cluster to be
processed, and in step 3442 F number of clusters are obtained by the clustering in step S442. Now, if
we focus on one cluster CF out of F clusters, the number of decoded high frequency sub-band  - 175 -
SP248477 power estimating coefficients of the coefficient index of cluster CF is set as the coefficient
Aib(kb) which is a linear correlation item of coefficient Aib(ib) found for the cluster CA in step S439.
Also, the sum of the vector performing reverse processing of the normalization (reverse normalization)
performed in step S441 as to the center-ofgravity vector of the cluster CF found in step S443 and the
coefficient Bib found in step S439 is the coefficient Bib 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 S441 divides the residual with the square 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 elements of the center-of-gravity vector of the
cluster CF. [05091      That is to say, the set of the coefficient Aab(kb) obtained in step 3439 and the
coefficient Bib 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,b(kb) found for the cluster CA,
as a linear correlation item of the decoded high frequency sub-band power estimating  - 176 -
SP248477 coefficient. [0510] 



In step 3444, 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 to be processed. In step 5444, in the
case determination is made that not yet all clusters have been processed, the processing returns to
step S438, and the above-described 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 5444, 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 5445. [0512]      In
step 3445, the coefficient estimating circuit 94 outputs the found coefficient index and decoded high
frequency sub-band power estimating coefficient to the decoding device 40 and causes this to be
recorded, and the coefficient learning processing is ended. [0513]  - 177 - SP248477      For example,
of the decoded high frequency sub-band power estimating coefficients output to the decoding device
40, several have the same coefficient Aib(kb) as the linear correlation item. Thus, as to the coefficient
kb(kb) which these share, the coefficient learning device 81 corresponds a linear correlation item index
(pointer) which is information identifying the coefficient Aib(kb) thereof, and as to the coefficient index,
corresponds the linear correlation item index and coefficient Bib which is a constant item. 



[0514]      The coefficient learning device 81 supplies the corresponding linear correlation item index
(pointer) and coefficient Aib(kb) and the corresponding coefficient index and linear correlation item
index (pointer) and coefficient Bib to the decoding device 40, and records this in the memory within the
high frequency decoding circuit 45 of the decoding device 40. Thus, in recording multiple decoded high
frequency sub-band power estimating coefficients, regarding shared linear correlation items, if a linear
correlation item index (pointer) is stored in the recording region for the various decoded high frequency
sub-band power estimating coefficients, the recording region can be kept considerably smaller. [0515]
- 178 - SP248477      In this case, the linear correlation item index and coefficient A,b(kb) are
correlated and recorded in the memory within the high frequency decoding circuit 45, whereby the
linear correlation item index and coefficient Bib can be obtained from the coefficient index, and further
the coefficient Aib(kb) can be obtained from the linear correlation 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
frequency band extending processing. Accordingly, according to the coefficient learning device 81,
sound quality 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 frequency sub-band power estimating coefficient of each coefficient index
from the supplied wide band teacher signal. 



- 179 - SP248477 [0518] Note that the coefficient learning processing in Fig. 29 is described as
normalizing a residual vector, but in one or both of step S436 or step S441, normalizing the residual
vector do not have to be performed. [0519]      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 5436, 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 various clusters are used, regression analysis is
performed for each cluster, and decoded high frequency sub-band power estimating coefficients are
generated for the various clusters. [0520]      The series of processing described above can be
executed with hardware or can be executed with software. In 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  



- 180 - SP248477 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
Memory) 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
output 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 above, for example, the CPU 101 loads the
program stored in the storage unit 108 to the RAM 103, via the input/output interface 105  



- 181 - SP248477 and bus 104, and executes this, whereby the series of the above-described
processing is performed. [0525]      The program that the computer (CPU 101) executes is recorded in
removable media 111 which is package media made up of a magnetic disc (including flexible disc),
optical disc (CD-ROM (Compact Disc - Read Only Memory), DVD (Digital Versatile Disc) or the like),
magneto-optical disc, or semiconductor memory or the like, for example, or is provided 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
mounting the removable 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.  - 182 -
SP248477 [0528] 



Note that the embodiments of the present invention are not restricted to the above-described
embodiments, and various modifications may be made within the essence of the present invention.
Reference Signs List [0529] 10 frequency band extending device 11 low-pass filter 12 delay circuit 13,
13-1 through 13-N bandpass filter 14 feature amount calculating circuit 15 high frequency sub-band
power estimating circuit 16 high frequency signal generating circuit 17 high-pass filter 18 signal adding
unit 



20 coefficient learning device 21, 21-1 through 21-(K+N) bandpass filter 22 high frequency sub-band
power calculating circuit 23 feature amount calculating circuit 24 coefficient estimating circuit 30
encoding device 31 low-pass filter 32 low frequency encoding circuit 33 sub-band dividing circuit  - 183
- SP248477 



34 feature amount calculating circuit       35 pseudo high frequency sub-band power calculating circuit
36 pseudo high frequency sub-band power difference calculating circuit 37 high frequency encoding
circuit 38 multiplexing circuit 40 decoding device 41 demultiplexing circuit 42 low frequency decoding
circuit 43 sub-band dividing circuit 44 feature amount calculating circuit 45 high frequency decoding
circuit       46 decoded high frequency sub-band power calculating circuit 



47 decoded high frequency signal generating circuit 48 synthesizing circuit 50 coefficient learning
device 51 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  - 164 - SP248477       56 pseudo high frequency sub-band power
difference clustering circuit 



57 coefficient estimating circuit 101 CPU 102 ROM 103 RAM 104 BUS 105 INPUT/OUTPUT
INTERFACE 106 INPUT UNIT 107 OUTPUT UNIT 108 STORAGE UNIT 109 COMMUNICATION
UNIT 110 DRIVE 111 REMOVABLE MEDIA 



- 185 - SP248477 CLAIMS [Claim 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 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 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 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 



- 186 - SP248477 means. [Claim 2] The frequency band extending device according to Claim 1,
wherein said feature amount calculating means calculate a low frequency sub-band power that is a
power of said plurality of sub-band signals as said feature amount. [Claim 3] The frequency band
extending device according to Claim 1, wherein said feature amount calculating means calculate 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. [Claim 4] 



The frequency band extending device according to Claim 1, wherein said feature amount calculating
means calculate difference between the maximum and minimum powers in a predetermined frequency
band, of said input signal, as said feature amount. [Claim 5] The frequency band extending device
according to Claim 1, wherein said feature amount calculating means calculate 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. [Claim 6]  - 187 - SP248477       The frequency
band extending device according to Claim 1, wherein said feature amount calculating means calculate
the slope of a power in a predetermined frequency band, of said input signal, as said feature amount.
[Claim 7]       The frequency band extending device according to Claim 1, wherein said feature amount
calculating means calculate a temporal variation of the slope of a power in a 



predetermined frequency band, of said input signal, as said feature amount. [Claim 8]       The
frequency band extending device according to Claim 1, wherein said high frequency sub-band power
estimating means calculate of 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. [Claim 9]       The frequency band extending device according to Claim 8, wherein said
coefficient for each high frequency sub-band is generated by performing clustering of the residual
vector of said high frequency signal component calculated with the coefficient for each high frequency
sub-band obtained by regression analysis with a plurality of teacher signals, and performing regression
analysis, for each cluster obtained by  - 188 - SP248477 said clustering, using said teacher signals
belonging to said cluster. [Claim 10]      The frequency band extending device according to Claim 9,
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 is subjected to clustering. [Claim 11] 



The frequency band extending device according to Claim 9, wherein said high frequency sub-band
power estimating means calculate 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 is calculated from a centerof-gravity vector for said new clusters obtained
by further calculating said residual vector 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. [Claim 121      The frequency
band extending device according to Claim 11, wherein said high frequency sub-band power estimating
- 189 - SP248477 means record the coefficient for each of said high frequency sub-bands, and a
pointer that determines the coefficient for said each high frequency sub-band, in a correlated manner,
and also record a plurality of sets of said pointer and said constant, and some of a plurality of said sets
include a pointer having the same value. [Claim 13]      The frequency band extending device
according to Claim 1, wherein said high frequency signal generating means generate 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. [Claim 14] 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 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  - 190 - SP248477 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 frequency signal component generated by the processing in said
high frequency signal component generating step. [Claim 15] 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 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  - 191 - SP248477 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 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;      causing a computer to execute processing for
extending the frequency band of said input signal using said high frequency signal component
generated by the processing in said high frequency signal component generating step [Claim 16] 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 



- 192 - SP248477 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 frequency encoding
means configured to encode a low frequency 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  -
193 - SP248477 frequency encoded data generated by said low frequency encoding means, and said
high frequency encoded data generated by said high frequency encoding means to obtain an output
code string. 



[Claim 17]      The encoding device according to Claim 16, further comprising:      low frequency
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 generate said low frequency sub-band signal from said low frequency signal generated by said
low frequency decoding means. [Claim 18]      The encoding device according to Claim 16, wherein
said high frequency encoding means calculate similarity between said 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 said high frequency encoded data. [Claim 19] The encoding device according to Claim
16, wherein said  - 194 - SP248477 pseudo high frequency sub-band power difference calculating
means 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 means generate an index indicating said coefficient of said
evaluated value that is the highest evaluated value, as said high frequency encoded data. [Claim 20]
The encoding device according to Claim 19, wherein said pseudo high frequency sub-band power
difference calculating means calculate 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, the maximum value of the
absolute value of said pseudo high frequency sub-band power of said sub-band, or the mean value of
said pseudo high frequency sub-band power difference of each sub-band. [Claim 21]      The encoding
device according to Claim 20, wherein said pseudo high frequency sub-band power difference
calculating means calculate said evaluated value based on said pseudo high frequency sub-band
power difference of different frames. [Claim 22] The encoding device according to Claim 20, wherein
said  - 195 - SP248477 pseudo high frequency sub-band power difference calculating means calculate
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 lower frequency side the sub-band is, the greater weight
thereof is. [Claim 23]      The encoding device according to Claim 20, wherein said pseudo high
frequency sub-band power difference calculating means calculate 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. 



[Claim 24] 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 - 196 - SP248477 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 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
frequency encoding step arranged to encode a 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 



- 197 - SP248477 frequency 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. [Claim 25]      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-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 frequency
sub-band power difference calculating step arranged to calculate a high frequency sub-  



- 198 - SP248477 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
frequency encoding step arranged to encode a 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 frequency 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. [Claim 26] A decoding device comprising:
demultiplexing means configured to demultiplex input encoded data into at least low frequency
encoded data and an index;  - 199 - SP248477 



low frequency 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 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 sub-band signal. [Claim 27]      The
decoding device according to Claim 26, 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. [Claim 28]      The decoding device according to
Claim 26, wherein said index has not been encoded. [Claim 29]      The decoding device according to
Claim 26, wherein said index is information indicating an estimating coefficient used for generation of
said high frequency signal. [Claim 30] The decoding device according to Claim 29, wherein said  



- 200 - SP248477 generating means generate said high frequency signal based on, of a plurality of
said estimating coefficients, said estimating coefficient indicated by said index. [Claim 31]      The
decoding device according to Claim 29, said generating means comprising:      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
frequency sub-band power calculating means configured to calculate a high frequency sub-band
power of a high frequency 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 frequency
sub-bands making up the band of said high frequency 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. [Claim 32]      The decoding device according to Claim
31, wherein said high frequency sub-band power calculating means calculate said high frequency
sub-band power of said high frequency - 201 - SP248477 



sub-band by linearly combining a plurality of said feature amount using said estimating coefficient
prepared for each of said high frequency sub-bands. [Claim 33]      The decoding device according to
Claim 32, wherein said feature amount calculating means calculate a low frequency sub-band power
of said low frequency sub-and signal for each of said low frequency sub-bands as said feature amount.
[Claim 34]      The decoding device according to Claim 31, wherein said index is information indicating
said estimating coefficient whereby said high frequency sub-band power most approximate to said
high frequency sub-band power obtained from said high frequency signal of said input signal before
encoding is 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 generated based on said estimating coefficient of a plurality of said estimating coefficients.
[Claim 35]      The decoding device according to Claim 34, wherein said index is information indicating
said estimating coefficient whereby the sum of squares of difference between said high frequency
sub-band power obtained from said high frequency signal of said input signal before encoding, and
said high  - 202 - SP248477 frequency sub-band power generated based on said estimating coefficient
obtained for each of said high frequency sub-bands, becomes the minimum. [Claim 36]      The
decoding device according to Claim 34, wherein said encoded data further includes difference
information 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. [Claim 37] 



The decoding device according to Claim 36, wherein said difference information has been encoded.
[Claim 38]      The decoding device according to Claim 36, wherein said high frequency sub-band
power calculating means add 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 said estimating coefficient;      and wherein said high frequency signal generating means
generate 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. [Claim 39]  - 203 - SP248477
The decoding device according to Claim 31, 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. [Claim 40]      The decoding device
according to Claim 31, 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 in feature space of said difference with said difference of
said high frequency sub-bands as an element, obtained beforehand 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 is 



the shortest, of a plurality of said estimating coefficients, to said high frequency sub-band power
calculating means. [Claim 41]  - 204 - SP248477      The decoding device according to Claim 29,
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 frequency 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 said input signal before
encoding is obtained. [Claim 42]      The decoding device according to Claim 29, wherein said
estimating coefficient is obtained by regression analysis. [Claim 43]      The decoding device according
to Claim 26, wherein said generating means generate said high frequency signal based on information
obtained by decoding said encoded index. [Claim 44]      The decoding device according to Claim 43,
wherein said index has been subjected to entropy encoding. [Claim 45] 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  - 205 - SP248477 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.
[Claim 46]      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 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.  - 206 - SP248477 [Claim 47] 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 said 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 frequency sub-band power calculating means
configured 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,  



- 207 - SP248477 and obtaining the sum of said feature amount by which said estimating coefficient
has been multiplied; and      high frequency signal generating means configured to generate said high
frequency signal using said high frequency sub-band power and said low frequency sub-band signal.
[Claim 48]      The decoding device according to Claim 47, wherein said feature amount calculating
means calculate a low frequency sub-band power of said low frequency sub-band signal for each of
said low frequency sub-bands as said feature amount. [Claim 49]      The decoding device according to
Claim 48, 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 frequency sub-band power obtained from
the true value of said high frequency signal, and said high frequency sub-band power generated with
said estimating coefficient, becomes the minimum. [Claim 50]      The decoding device according to
Claim 49, wherein said index further include difference information indicating difference between said
high frequency sub-band power  - 208 - 



SP248477 obtained from said true value, and said high frequency sub-band power generated with said
estimating coefficient;      and wherein said high frequency sub-band power calculating means further
add 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;      and wherein said high frequency signal generating
means generate 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
frequency sub-band signal. [Claim 51]      The decoding device according to Claim 47, wherein said
index is information indicating said estimating coefficient. [Claim 52]      The decoding device according
to Claim 47, wherein said index is information obtained by information indicating said estimating
coefficient being subjected to entropy encoding;      and wherein said high frequency sub-band power
calculating means calculate said high frequency sub-band power using said estimating coefficient
indicated by information obtained by decoding said index. [Claim 53]  - 209 - SP248477 



The decoding device according to Claim 47, wherein said plurality of said estimating coefficients are
obtained beforehand 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. [Claim
54]      The decoding device according to Claim 47, 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 the true
value 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 said difference with said
difference of said high frequency sub-bands as an element, obtained beforehand 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
is the shortest, of a plurality of said estimating coefficients, to said high frequency sub-band power
calculating means.  - 210 - SP248477 [Claim 55] 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 frequency sub-band signal for each of said low frequency
sub-bands;      a feature amount calculating step arranged 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;      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  - 211 -
SP248477 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. [Claim 56]      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 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 frequency sub-band signal for each of said low frequency
sub-bands;      a feature amount calculating step arranged 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; a high frequency sub-band power calculating step  - 212 - SP248477 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. 




















