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DESCRIPTION
SIGNAL PROCESSING APPARATUS AND SIGNAL PROCESSING METHCD,
ENCODER AND ENCODING METHEGCD, DECODER AND DECODING METHOD, AND

PROGRAM

TECHNICAL FIELD
100017

The present inventlon relates to a signal processing
apparatus and a signal processing method, an encoder and an
encodingmethod, adecoder anda decodingmethod, andaprogram,
and more particularly to a signal processing apparatus and
a signal processing method, an encoder and an encoding methoed,
a decoder and a decoding method, and a program for reproducing
a music signal with improved sound quality by expansicn of

a freqguency band.

BACKGROUND ART
[0002]

Recently, musicdistribution services for distributing
music data via the internet have been increased. The music
distribution service distributes, asmusic data, encoded data
obtained by encoding a music signal. As an sncoding method
of themusic signal, an encoding method has been commenly used
in which the encoded data file size is suppressed to decrease
a bit rate zo as to save time during download.

[0003]

Such an encoding method c¢f the music signal is breadly
divided into an encoding method such as MP3 (MPEG (Moving
Picture Experts Group) AudicLayers 3) (International Standard
ISO/IEC 111723} and an encoding method such as HE~ARC (High

Efficiency MPEG4 AAC) (Internaticnal Standard ISQ/IEC
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14496-3).
[0004]

The encoding method represented by MP3 cancels a signal
component of a high freguency band (herelnafter, referred to
as a high band) having about 15 kHz or mcore in music signal
that is almost imperceptible to humans, and encodes the low
frequency band (hereinafter, referred to as a low band) of

the signal compenent of the remainder. Therefore, the

.encoding method is referred to as a high band cancelation

encoding method. Thig kind of high band cancelation encoding
method can suppress the file size of encoded data. However,
since sound in a high band can be perceived slightly by human,
1f sound is produced and output from the decoded music signal
obtained by decoding the encoded data, suffers a loss of sound
quality whereby a sense of realism of an original sound is
lost and a scund quality deterioration such a blur of sound
oCCurs.

[G005]

Unlike this, the encoding method represented by HE~-AAC
extracts specific information from a signal compenent of the
high band and encodes the information in conjunction with a
signal component of the low band. The encoding method is
referredtobelowas ahighbandcharacteristicencodingmethod,
Since the high band characteristic encoding method encodes
only characteristic information of the signal component of
the high band as information on the signal component of the
high band, deterioration of sound quality is suppressed and
encoding efficiency can be improved.

[0C0E6]
Indecoding data encoded by the high band characteristic

encoding method, the signal component of the low band and
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characteristic information are decoded and the signal

component of the high band is produced from a signal component
of the low band and characteristic information after being
decoded. Accordingly, a technology that expands a fregquency
band of the signal component c¢f the high band by producing
a signal component of the high band from signal compcnent of
the low band is referred to as a band expansion technology.
[0007] .

As an application example of a band expansion method,
after decoding of data encoded by a high band cancelation
encoeding methed, a post process is performed. In the post
process, the high band signal component lost in the encoding
is generated from the decoded low band signal component,
thereby expanding the frequency band of the signal component
0f the low band (see Patent Document 1). The methced of
frequency band expansion of the related art is referred below
te as a band expansion method of Patent Document 1.

[0008]

In a band expansion method of the Patent Document 1,
the apparatus estimates a power spectrum (hereinafter,
suitably referred to as a frequency envelope of the high band)
of the high band from the power spectrum of an input signal
by setting the signal component of the low band after decoding
as the input signal and produces the signal component of the
high band having the frequency envelope of the high band from
the signal component of the low band.

Lo089]

Fig. 1 illustrates an example of a power spectrum of
the lowbandafter thedecodingasan inputsignal anda freguency
envelope of an estimated high band.

(00107
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In Fig. 1, the vertical axis illustrates a power as a
logarithm and & horizontal axis illustrates & frequency.
[0011]

The apparatus determines the band in the low band of
the signal component of the high band (hereinafter, referred
te as an expansion start band) froma kind of an encoding system
on the input signal and information such as a sampling rate,
a bit rate and the like {(hereinafter, referred to as side
information}. WNext, the apparatus divides the input signal
as signal component of the lowband intoapluralitycf sub-band
signals. The apparatus obtalins a plurality of sub-band
signals after division, that is, an average of respective
groups (hereinafter, referred to as a group powér) in a time
direction of each power of a plurality of sub-band signals
ofalowbandside lower than the expansionstartbhandisobtained
(hereinafter, simply referred to as a low band side). As
illustratedin¥®ig. 1, according tothe apparatus, it is assumed
that the average of respective group powers of the signals
of a plurality of sub-bands of the low band side is a power
and a point making a frequency of a lower end of the expansion
start band be a frequency is a starting point. The apparatus
estimates a primary straight line of a predetermined slope
passing through the starting point as the freguency envelope
of the high band higher than the expansion start band
{hereinafter, simply referred to as a high band side). In
additicn, apositioninapower directionof the startingpeint
may be adjusted by a user. The apparatus produces each of
a plurality of signals of a sub-band of the high band side
from a plurality of signals of a sub~band of the low band side
to be an estimated freguency envelope of the high band side.

The apparatus adds a plurality of the produced signals of the
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sub-band of the high band side to each other into the signal
components of the high band and adds the signal components
of the low band to each other to output the added signal

components. Therefore, the music signal after expansion of
the frequency band is close to the original music signal.
However, it is possible to produce the music signal of a better
quality.

[3012]

The band expansion method disclosed in the Patent
Document 1 has an advantage that the frequency band can be
expanded for the music signal after decoding of the encoded
data with respect to various high band cancelation encoding

methods and encoded data of various bit rates.

CITATION LIST

PATENT DOCUMENT

[0013]

Patent Document 1: Japanese Patent Application Laid-Open No.

2008-135844

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{00147

Accordingly, the band expansicn method disclcsed in
Patent Document 1 may be improved in that the estimated
frequency envelope of & high band side is a primary straight
line of apredetermined slope, that is, a shape of the frequency
envelope is fixed.
f0015]

in cther words, the power spectrum cof the music signal

has varicus shapes and the music signal has a lot of cases
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where the fregquency envelope of the high band side estimated
by the band expansion method disclosed in Patent Document 1
deviates considerably.

[001¢€]

Fig, 2 illustrates an example of an original power
spectrumof anattackmusicsignal (attackmusic signal) having
a rapid change in time as a drum is strongly hit once.
(00171

Iﬁ addition, Fig. 2 alsoc illustrates the freguency
envelope of the high band side estimated from the input signal
by setting the signal component of the low band side of the
attack relative music signal as an input signal by the band
expansion method disclosed in the Patent Document 1.
[0018]

As illustrated in Fig. 2, the power spectrum of the
original high band side of the attack music signal has a
substantially flat shape.

[60191]

Unlike this, the estimated freguency envelope of the
high band side has a predetermined negative slope and even
if the freqguency is adjusted to have the power close to the
original power spectrum, difference between the power and the
original power spectrumbecomes large as the frequency becomes
high.

(0020}

Accordingly, in the band expansion method disclosed in
Patent Document 1, the estimated frequency envelope cf the
high band side cannot reproduce the frequency envelope of the
original high band side with high accuracy. Therefore, if
sound fromthemusic signal after the expansionof the frequency

band is produced and output, clarity of the sound in auditory
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is lower than the original sound.
(00211

In addition, in the high band characteristic encoding
method such as HE-AAC and the like described above, the
freguency envelope of the high band side is used as
characteristlc information of the encoded high band signal
components. However, 1t needs to reproduce the freguency
envelope of the coriginal high band side with high accuracy
in a decoding side.
(0022}

Embcdiments of the present invention provide a music
signal having a better sound quality by expanding a freguency

band.

SCLUTIONS TO PROBLEMS
[0023]
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According to a first aspect, there is provided a signal
processing apparatus comprising: a demultiplexing unit that
demultiplexes input encoded data to at least low band encoded
data and coefficient information; a low band decoding unit
that decodes the low band encoded data to produce low band
signals; a selection unit that selects a coefficient table
which is obtained based on the coefficient information among
a plurality of coefficient tables used for the production of
high band signals and having coefficients for the respective
sub-bands on a high band side; an extension and reduction unit
that deletes tThe cecefficients of some sub-bands to reduce the
coefficient table or produces the coefficients of
predetermined sub-bands based on the coefficients of some
sub-bands to extend the coefficient table; a highband sub~-band
power calculation unit that calculates high band sub-band
powers of high band sub-band signals o¢f the respective
sub-bands constituting the high band signals based on low band
sub-band signals of the respective sub-bands constituting the
lowband signals and the extendedor reducedcoefficient takle;
and a high band signal production unit that produces the high
band signals based ¢n the high band sub-band powers and the
lowband sub-band signals, wherein the extension and reduction
unitduplicates thecoefficients of a sub~bandhavingahighest
frequency which is inciuded in the coefficient table and sets
the duplicated coefficients to coefficients of a sub-band
having a higher frequency than the highest fregquency to extend
the coefficient table.

[0024)]

The extension and reduction unit may duplicate the

coefficients of a sub-band having a highest frequency which

is included in the coefficient table and set the duplicated



10

coefficients to coefficients of a sub-band having a higherx
frequency than the highest frequency toextend the coefficient
table.
[0025]

The extension and reducticon unit may delete the
coefficients of a sub-band, which has a higher freguency than
that of a sub-band having a highest fregquency among sub-bands
of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.

[C026]

8a
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According to a second aspect, there 1s provided a signal
processing method of a signal processing apparatus which
includes a demultiplexing unit that demultiplexes input
encoded data to at least low band encoded data and coefficient
information, a low band decoding unit that decodes the low
hand encoded data to produce low band signals, a selection
unit that selects a coefficient table which is obtained based
ontheccefficientinformationamongapluralitvofcoeificient
tables used for the producticn of high band signals and having
coefficients for the respective sub-bands on a high band side,
an extension and reduction unit that deletes the coefficients
of some sub-bands to reduce the coefficient table or produces
the coefficients of predetermined sub-bands based on the
coefficientsof some sub~bands toextendthecoefficient table,
a high band sub-band power calculation unit that calculates
high band sub-band powers of high band sub-band signals of
the respective sub-bands constituting the high band signals
based on low band sub~-band signals of the respective sub-bands
constituting the low band signals and the extended or reduced
coefficient table, and & high band signal production unit that
produces the high band signals based on the high band sub-band
powers and the lowband sub-band signals, themethod comprising
the steps of causing: the demultipiexing unit to demultiplex
the encoded data; the low band decoding unit to produce the
lowband signals; the selectionunit to select the coefficient
table; the extension and reductiocon unit to reduce or extend
thecoefficient table; thehighbandsub-bandpowercalculation
unit to calculate the high band sub-pand powers; and the high
band signal production unit to produce the high band signais,
wherein the extension and reduction unit duplicates the

coefficients of a sub-band having a highest frequency which
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is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
fregquency than the highest frequency to extend the coefficient
table.

According to a third aspect, there is provided a program
causing a computer to execute processes including the steps
of: demultiplexing input encoded data to at least low band
encoded data and coefficient information; decoding the low
band encoded data to produce low band signals; selecting a
coefficient table which is obtained based on the coefficient
information among a plurality of coefficient tables used for
the production of high band signals and having coefficients
for the respective sub-bands on a high band side; deleting
the coefficients of some sub-bands to reduce the coefficient
table or generating the coefficients of predetermined
sub-bands basedon the coefficients of some sub-bands to extend
the coefficient table; calculating high band sub-band powers
cf high band sub-kand signals of the respective sub-bands
constituting the high band signals based on low band sub-band
signals of the respective sub-bands constituting the low band
signals and the extended or reduced coefficient table; and
generatingthehighbandsignalsbasedon thehighbandsub-band
powers and the low band sub-band signals, wherein the step
of deleting the coefficients of some sub-bands comprises the
steps of: duplicating the coefficients of a sub-band having
ahighest frequencywhich is included in the coefficient table;
and setting the duplicated coefficients to ceoefficients of
a sub-bandhavingahicgher fregquency than the highest frequency
to extend the coefficient table.

[0027]

According to the above aspect of the invention, input

Ga
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encoded data is demultiplexed to at least low band encoded
data and ceoefficient information; the low band encoded data
is decoded to produce low band signals; a goefficient table
which is obtained based on the ccefficient information is
selected among a plurality of coefficient tables used for the
producticn of high kand signals and having cecefficients for
the respective sub-bands ¢n a high band side; the ccefficients
of some sub~pands are deleted to reduce the coefficient table
or the coefficients of predetermined sub-bands are produced
based on the coefficients of some sub-bands tTo extend the
coefficient table; high band sub-band powers of high band
sub-band signals of the respective sub-bhands constituting the
high band signals are calculeated based on low band sub-band
signals of the respective sub-bands constituting the low band
signals and the extended or reduced coefficient table; and
the high band signals are produced based on the high band
sub-band powers and the low band sub-band signals.

[0028]

9b
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According to a fourth aspect, there is provided a signal
processing apparatus comprising: a sub-banddivisionunit that
produces low band sub~-band signals of a plurality of sub~-bands
on a low band side of an input signal and high band sub-band
signals of a plurality of sub~bands on a high band side of
the input signal; an extension and reduction unit that deletes
the coefficients of some sub-bands to reduce a coefficient
table or produces coefficients of predetermined sub-bands
basedoncoefficients of some sub-bands tocextendacoefficient
table, the coefficient table having the coefficients for the
respective sub-bands on the high band side; a pseudo high band
sub-band power calculation unit that calculates pseudo high
band sub-band powers, which are estimated values of powers
of the highbandsub~bandsignals, for the respective sub-bands
on the high band side based on the extended or reduced
coefficient table and the low band sub-band signals; a
selection unit that compares high band sub-~band powers of the
high band sub+~band signals and the pseudo high band sub=-band
powers to each other and selects one of a plurality of the
coefficient tables; and a production unit that produces data
containingcoefficient information forobtalining the selected
coefficient table, whereln the extension and reduction unit
duplicates the coefficients of a sub-band having a highest
frequency which is included in the coefficient table and sets
the duplicated coefficients to coefficients of a sub-band
having a higher frequency than the highest freguency to extend
the coefficient table.

[0029]

The extensicon and reduction unit may duplicate the

coefficients of a sub-kband having a highest frequency which

is included in the coefficient table and set the duplicated

10



coefficients to coefficients of a sub~band having a higher
frequency than the highest frequency to extend the coefficient
table.
[0030]

The extensiocon and reduction unit may delete the
coefficients of a sub-band, which has a higher freguency than

that of a sub-band having a highest frequency among sub-bands

10a
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of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.
[0031]

According to a fifth aspect, there is provided a signal
processing method of a signal processing apparatus which
includes a sub-band division unit that produces low band
sub-band signals cf a plurality of sub-bands on a low band
side of an input signal and high band sub-band signals of a
plurality of sub-bands on a high band side of the input signal,
an extension and reducticn unit that deletes the coefficients
of some sub-bands to reduce a ccefficient table or produces
coefficients of predetermined sub~bands basedon coefficients
of some sub-bands to extend a coefficient table, the
coefficient table having coefficients for the respective
sub-bands on the high band side, a pseudo high band sub-band
power calculation unit that calculates pseudo high band
sub-band powers, which are estimated values of powers of the
high band sub-band signals, for the respective sub-bands on
the high band side based on the extended or reduced coefficient
table and the low band sub~band signals, a selection unit that
compares high band sub-band powers of the high band sub-~band
signals and the pseudo high band sub-band powers to each other
and selects one of a plurality of the coefficient tables, and
a production unit that produces data containing coefficient
information for obtaining the selected coefficient table, the
method comprising the steps of causing: the sub-band division
unit to produces the low band sub-band signals and the high
band sub-band signals; the extensicn and reduction unit to
reduce or extend the coefficient table; the pseudo high band
sub-band power calculation unit to calculate the pseudo high

band suk-band powers; the selection unit to select the

11
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ceefficient table; and the productionunit to produce the data
contalningcoefficient information, wherein theextensionand
reductionunitduplicatesthecoefficientsof asukb~bandhaving
a highest frequency which is included in the coefficient table
and sets the duplicated coefficients to coefficients of a
sub-band having a higher freguency than the highest frequency
to extend the coefficient table.

According to a sixth aspect, there 1is provided a program
causing a computer to execute processes including the steps
of: generating low band sub-pand signals of a plurality of
sub—bands on a low band side of an input signal and high band
sub~band signals of a plurality of sub-bands on a high band
side of the input signal; deleting the coefficients of some
sub-bands to reduce a coefficient table or generating
coefficients of predetermined sub-bhands basedoncoeificients
of some sub-bands to extend a coefficient table, the
ceoefficient table having coefficients for the respecitive
sub-kands on the high band side; calculating pseudo high band
sub-band powers, which are estimated values of powers of the
high band sub-band signals, for the respective sub-bands on
the high band side based on the extended or reduced coefficient
table and the low band sub-band signals; comparing high band
sub-bandpowers of the highband sub-bandsignalsand the pseudo
high band sub-band powers to each other and selecting one of
a plurality of the coefficient tables; and generating data
containingcoefficient information for obtaining the selected
coefficient table, wherein the step of deleting the
coefficients of some sub-bands comprises the steps of:
dupiicating the ceoefficients of a sub-band having a highest
freguency which is included in the coefficient table; and

setting the duplicated coefficients to coefficients of a

ila
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sub~band having a higher freguency than the highest frequency
to extend the coefficilient table.
(00321

According to the above aspect of the invention, lowband
sub-band signals of a plurality of sub-bands on a low band
side of an input signal and high band sub-band signals of a
plurality of sub-bands on a high band side of the input signal
are produced; the coefficients of some sub-bands are deleted
to reduce acoefficient table orcoefficients of predetermined

sub-pands are produced based on coefficients

11b
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of some sub-bands to extend a coefficient table, the
coefficient table having the coefficients for the respective
sub-bands on the high band side; pseudo high band sub-band
powers, which are estimated values of powers of the high band
sub-band signals, are calculated for the respective sub~bands
on the high band side based on the extended or raduced
coefficient table and the low band sub-bhand signals; high band
sub~bandpowers of the highband sub-bandsignals andthe pseudo
high band sub-band powers are compared to sach other and one
of aplurality of the coefficient tables is selected; and data
containing coefficient information for chtaining the selected
coefficient table is produced.

[0033]

12
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According to a seventh aspect, there is provided a
decoder comprising: a demultiplexing unit that demultiplexes
input encoded data to at least low band enccded data and
coefficient information; a iowband decodingunit that decodes
the low band encoded data to produce low band signals; a
selection unit that selects a coefficient table which is
obtainedbasedonthecoefficientinformationamongaplurality
of coefficient tables used for the producticn of high band
signals and having coefficients for the respective sub-bands
onahighbandside; anextensionandreductionunit thatdeletes
the coefficients of some sub-bands to reduce the coefficient
table or produces the coefficients of predetermined sub~bands
based on the coefficients of some sub-bands to extend the
coefficient table; ahighband sub-band power calculationunit
that calculates high band sub-bandpowers of highband sub-~band
signals of the respective sub-bands constituting the highband
gignals based on low band sub-band signals of the respective
sub-bands constituting the low band signals and the extended
or reduced coefficient table; a high band signal production
unit that produces the high band signals based on the high
band sub-band powers and the low band sub-band signals; and
a synthesis unit that synthesizes the low band signal and the
high band signal with each other to produce an output signal,
wherein the extensiocon and reduction unit duplicates the
coefficients of a sub~kand having a highest frequency which
is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
frequency than the highest frequency to extend the coefficient
table.

(00347

According to an eighth aspect, there is provided a

13
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decoding method of a decoder which includes a demultiplexing
unit that demultiplexes input encoded data to at least low
band encoded data and coefficient information, a low band
decoding unit that decodes the low band encoded data to produce
low band signals, a selecticn unit that selects a coefficlent
table which is cobtained based on the coefficient information
among apluralityof coefficient tablesused for the production
of highbandsignals andhavingcoefficients for the respective
sub-bands on a high band side, an extension and reduction unit
that deletes the coefficients of some sub-bands to reduce the
ceefficient table or produces the coefficients of
predetermined sub-bands based on the coefficients of some
sub-bands tocextend the coefficient table, ahighband sub-band
power calculation unit that calculates high band sub-band
powers of high band sub-band signals of the respective
sub-bands constituting the high band signals based on low band
sub~band signals of the respective sub-bands constituting the
lowbandsignals and the extended or reduced coefficient table,
a high band signal production unit that produces the high band
signals based on the high band sub-band powers and the low
band sub-band signals, and a synthesis unit that synthesizes
the low band signal and the high band signal with each other
to produce an output signal, the method comprising the steps
of causing: thedemultiplexingunit todemultiplex the encoded
data; the lowbanddecodingunit toproduce the lowband signals;
the selection unit to select the coefficient table; the
extension and reduction unit to reduce or extend the
coefficient table; the high band sub-band pcwer calculation
unit to calculate the high band sub-band powers; the high band
signal production unit to produce the high band signals; and

the synthesis unit to produce the cutput signal, wherein the

13a
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extension and reduction unit duplicates the coefficients of
a sub-band having a highest frequency which is included in
the coefficient table and sets the duplicated coefficients
to coefficients of a sub-band having a higher frequency than
the highest frequency to extend the coefficient table.
[0035]

According te the above aspect of the invention, input
encoded data is demultiplexed to at least low band encoded
data and ceocefficient information; the low band encoded data

is decoded to produce low band signals; a coefficient table

13b
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which 1s obtained based on the coefficient information is
saelected among a plurality of coefficient tables used for the
production of high band signals and having coefficients for
the respective sub~bands on a high band side; the coefficients
of somae sub-bands are deleted to reduce the cosfficient table
or the coefficients of predetermined sub-bands are produced
based on the coefficients of some sub-bands to extend the
coefficient table; high band sub-band powers of hicgh band
sub-band signals of the respective sub-bands constituting the
high band signalis are calculated based on low band sub-band
signals of the respective sub-bands constituting the low band
signals and the extended or reduced coefficient table; the
high band signals are produced based on the high band sub-band
powers and the low band sub-band signals; and the low band
signal and the high band signal are synthesizedwith each other
to produce an output signal.

[0036]

14
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Accordingtoanihthaspect,thereisprovidedanencoder
comprising: a sub-band division unit that produces low band
sub-band signals of a plurality of sub-bands on a low band
side of an input signal and high band sub-band signals of a
plurality of sub-~bands on a high band side of the input signal;
an extension and reduction unit that deletes the coefficients
of some sub-bands to reduce a coefficient table or produces
coefficients of predetermined sub-bands basedoncoefficients
of scme sub-bands to extend a coefficient table, the
coefficient table having coefficients for the respective
sub-bands on the high band side; a pseudo high band sub-band
power calculation unit that calculates pseudo high band
sub-band powers, which are estimated values of powers of the
high band sub-band signals, for the respective sub-bands on
the high band side based on the extended or reduced coefficient
table and the low band sub-band signals; a selection unit that
compares high band sub-band powers of the high band sub-band
signals and the pseudo high band sub-band powers to each other
and selects one of a plurality of the coefficient tables; a
high band encoding unit that encodes coefficient information
for obtaining the selected coefficient table to produce high
band encoded data; a low band encoding unit that encodes low
band signals of the input signal to produce low band encoded
data; and a multiplexing unit that multiplexes the low band
encoded data and the highbandencodeddata toproduce an output
code string, wherein the extension and reduction unit
duplicates the ccefficients of a sub-band having a highest
frequency which is included in the coefficient table and sets
the duplicated coefficients to coefficients of a sub-band
having a higher frequency than the highest frequency to extend
the coefficient table.

F0037]

15



10

2Q

25

30

According to a tenth aspect, there is provided an
enceding method of an encoder which includes a sub-band
division unit that produces low band sub-band signals of a
plurality of sub-bands cn a low band side of an input signal
and high band sub-band signals of a plurality of sub-bands
con a high band side of the input signal, an extensicon and
reducticnunit that deletes the coefficients of some sub-bands
to reduce a coefficient table cr produces ccefficients of
predetermined sub-bands based on coefficients of some
sub-bands toextendacoefficient table, the coefficient table
having coefficients for the respective sub-bands on the high
band side, a pseudo high band sub-band power calculation unit
that calculates pseudo high band sub-band powers, which are
estimated values of powers of the high band sub~band signals,
for the respective sub-bands on the high band side basad on
the extended or reduced coefficient table and the low band
sub-band signals, a selection unit that compares high band
sub-bandpowers of thehighbandsub-kandsignalsandthe pseudo
high band sub-band powers to each other and selects one of
a plurality of the coefficient tables, a high band encoding
unit that encodes coefficient informaticon for obtaining the
selected coefficient table to produce high band encoded data,
a low band encoding unit that encodes low band signals of the
input signal fto produce low band encoded data, and a
multiplexing unit that multiplexes the low band encoded data
and the high band encoded data to produce an output code string,
the methcd comprising the steps of causing: the sub-band
division unit to produces the low band sub-band signals and
the high band sub-band signals; the extension and reduction
unit to reduce or extend the coefficient table; the pseudo

high band sub-band power calculation unit to calculate the
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pseudo high band sub~band powers; the selection unit to select
the coefficient table; the high band encoding unit to produce
thehighbandencodeddata; the lowbandencodingunit toproduce
the lowband encoded data; and themultiplexing unit to produce
the output code string, wherein the extension and reduction
unit dupiicates thecoefficients of a sub~bandhavingahighest
frequency which is included in the coefficient table and sets
the duplicated coefficients to coefficients of a sub-band
having a higher frequency than the highest frequency to extend
the coefficient table.

[0038]

According to the above aspect of the invention, low band
sub-band signals c¢f a plurality of sub-bands on a low band
side of an input signal and high band sub-band signals of a
plurality of sub-bands on a high band side of the input signal
are produced; the coefficients of some sub-bands are deleted
toreduce acoefficient tableorcoefficients of predetermined
sub-bands are produced based on coefficients of some sub-bands
to extend a coefficient table, the coefficient table having
coefficients for the respective sub-bands on the high band
side; pseudc high band sub-band powers, which are estimated
vaiues c¢f powers of the high band sub-~band signals, are
calculated for the respective sub-bands on the high band side
based on the extended or reduced coefficient table and the
low band sub-band signals; high band sub-band powers of the
high band sub-band signals and the pseudo high band sub-band
powers are compared to each other and one
of a plurality of the coefficient tables is selected;
coefficient information for obtaining the selected
coefficient table isencoded toproduce highbandencodeddata;

low band signals of the input signal are encoded to produce
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low band encoded data; and the low hand encoded data and the
high band encoded data are multiplexed to produce an cutput

code string.

EFFECTS OF THE INVENTION
[003%]
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According toe the above aspects of the invention, it is
possible to reproduce music signal with high sound guality

by expansion of a frequency band.

BRIEEF DESCRIPTION OF DRAWINGS
100401

Fig. 1 is aviewanexample of 1l1lustrating in an example
of a power spectrumct a low band after decoding an input signal
and a freguency envelcope of a high band estimated.

Fig. 2 is a view 1llustrating an example of an original
power spectrum of music signal of an attack according to rapid
change in time.

Fig. 3 is a bklock diagram illustrating a functional
configuration example of a fregquency band expansion apparatus
in a first embodiment of the present invention.

Fig., 4 is a flowchart 1llustrating an example of a
fregquency band expansicn process by a freguency band expansion
apparatus in Fig. 3.

Fig. 5 is a view illustrating arrangement of a powexr
spectrum of signal input to a freguency band expansion
apparatus in Fig. 3 and arrangemeni con a frequency axis of
a kand pass filter.

Fig. 6 1s a view illustrating an example illustrating
frequency characteristics of a vocal region and a power
gspectrum of a high band estimated.

Fig. 7 is a view illustrating an example of a power
spectrum of signal input to a freguency band expansion
apparatus in Fig. 3.

Fig. 8lsaviewllliustratinganexample of a power vector
after liftering of an input signal in Fig. 7.

Fig. 9 is a block diagram illustrating a functional
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configuration example of a coefficient learning apparatus for
performing learning of a coefficientused in a highband signal
production circuit of a frequency band expansion apparatus
in Fig. 3.

Fig. 10 is a flowchart describing an example of a
coefficient learning process by a coefficient learning
apparatus in Fig. 9.

Fig. 11 is a block diagram illustrating a functional
configuration example of an encoder in a second embodiment
of the present invention.

Fig. 12 is a flowchart describing an example of an
encoding process by an encoder in Fig. 11.

Fig. 13 is a block diagram illustrating a functional
configuration example of a deccder in a second embodiment of
the present invention.

Fig.l1l4isaflowchartdescribinganexamplie of adecoding
processing by a decoder in Fig. 13.

Fig. 15 is & block diagram illustrating a functicnal
configuration example of a coefficient learning apparatus for
performing learning of a representative vector used in a high
band encoding circuit of an encoder in Fig. 11 and decoded
high band sub-band power estimation coefficient used inahigh
band decoding circuilt of decoder in Fig. 13.

Fig. 16 is a flowchart describing an example of a
coefficient learning process by a ceoefficient learning
apparatus in Fig. 15.

Fig. 17 is a view illustrating an example of an encoded
string to which an encoder in ¥Fig. 11 is output.

Fig. 18 is a block diagram illiustrating a functional
configuration example of the encoder.

Fig.1l%isa flowchartdescribingofencodingprocessing.
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Fig. 20 is a block diagram illustrating a functional
configuration example of a deccder.

Fig. 21 1s a flowchart describing a decoding process.

Fig. 22 1is a flowchart describing an encoding process.

Fig. 23 1s a flowchart describing a decoding process.

Fig. 24 is a flowchart describing an encoding process.

Fig. 25 is a flowchart describing an encoding process.

Fig. 26 is a flowchart describing an encoding process.

Fig. 27 is a flowchart describing an enceding process.

Fig. 28 is a view 1illustrating a configuration example
of & coefficient learning apparatus.

Fig. 291sa flowchart describingacoefficient learning
process.

Fig. 30 is a diagram illustrating a coefficient table,

Fig. 31 is a diagram illustrating the extension of a
coefficient table.

Fig. 32 is a diagram illustreating the reduction of a
coefficient table.

Fig., 33 is a block diagram illustrating a functional
configuration example of an encoder.

Fig. 34 is a flowchart describing an encoding process.

Fig. 35 is a block diagram illustrating a functional
configuration example of a decoder.

Fig. 36 is a flowchart describing a decoding process.

Fig. 37 is a diagram ililustrating the sharing of a
coefficient table using blended learning.

Fig. 38 1s a view illustrating a configuration example
of & coefficient learning apparatus.

Fig. 39isa flowchartdescribingacoefficient learning
process.

Fig. 40 is a block diagramillustrating & configuration
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example of hardware of a computer executing a process to which

the present invention is applied by a programnm.

MODE FOR CARRYING OUT THE INVENTION
[0C41]

An embediment of the present inventionwill be described
with reference to the drawings. In addition, the description
thereof is performed in the following sequence.

1. First embodiment {when the present invention i1s
applied to a freguency band expansion apparatus)

2. Becond embodiment (when the present invention is
applied to an encoder and a decoder)

3. Thirdembodiment {whenacoefficient indexisincluded
in high band encoded data)

4. Fourth embodiment {when a difference between
coefficlent index and a pseude high band sub-band power is
inciuded in high band encoded data)

5. Fifthembodiment {whenacoefficient indexisselected
using an estimation value).

6. Sixth embodiment {when & portion of a ceoefficient
is commons)

7. Seventh Emboediment (In Case Where Coefficlent Table
is Extended or Reduced)

8. BighthEmbodiment (InCase Where Learningis Performed
Using Broadband Instruction Signals Having Different
Conditions)

[0042]
<l. First Embodiment>

Inafirst embodiment, aprocess that expands a frequency

band {hereinafter, referred to as a frequency band expansion

process) is performed with respect to a signal component of
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a low band after decoding cbtained by decoding enceded data
using a high cancelation encoeding method.

[0043]

[Functional Configuraticn Example of Freguency Band Expansicn
Rpparatus]

Fig. 3 illustrates a functional configuration example
of a frequency band expansion apparatus according to the
present invention,

[0044]

A frequency band expansion apparatus 10 performs a
freguency band expansion process with respect to the input
signal by setting a signal component of the low band after
decoding as the input signal and outputs the signal after the
frequency band expansion process obtained by the result as
an output signal.

[0045]

The frequency band expansion apparatus 10 includes a
low-pass filter 11, a delay circuit 12, a band pass filter
13, a characteristic amount calculation circuit 14, a high
band sub~band power estimation circuit 15, a high band signal
productioncircuit 16, a high-pass filter 17 and a signal adder
18.

[0045]

The low-pass filter 11 filters an input signal by a
predetermined cut off frequency and supplies a low band signal
component, which 1s a signal component of the low band as a
signal after filtering to the delay circuit 12.

[0047]

Since the delay circuit 12 is synchronized when adding

the low band signal component from the low-pass filter 11 and

a high band signal component which will be described later
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toeachother, it delays the lowsignal component only a certain
time and the low signal component is supplied to the signal
adder 18,

[0G48;

The band pass filter 12 includes band pass filters 13-1
to 13-N having pass bands different from each other. The band
pass filter 13-1i(<£i£N)) passes a signal of a predetermined
pass band of the input signal and supplies the passed signal
as one of a plurality of sub-band signal to the characteristic
amocunt calculation circuit 14 and the high band signal
production circuit 16.

[0049]

The characteristic amount calculation circuit 14
calculates one ormore characteristicamounts by usingat least
any one of a plurality of sub~-band signals and the input signal
from the band pass filter 13 and supplies the calculated
characteristic amounts to the high band sub-band power
estimation circult 15. Herein, the characteristic amounts
are information showing a feature of the input signal as a
signal.

[0050]

The high band sub-band power estimation circuit 15
calculates an estimation value of a high band suk-band power
which is a power of the high band sub-band signal for each
high band sub~band based con one or more characteristic amounts
from the characteristic amount calculation circuit 14 and
suppiies the calculated estimation value to the high band
signal production circuit 16.

[0051]
The high band signal producticon circuit 16 produces the

high band signal component which is a signal component of the
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high kand based on a plurality of sub-band signals from the
band pass filter 13 and an estimation value of a plurality
of high band sub-band powers from the high band sub-band power
estimation circuit 15 and supplies the produced high signal
compenent to the high-pass filtexr 17.

[0052]

The high-pass filter 17 filters the high band signal
compenent fromthe highkand signal productioncircult 16 using
a cut off frequency corresponding to the cut off freguency
in the low-pass filter 11 and supplies the filtered high band
signal component to a signal adder 18.

[0053]

The signal adder 18 adds the low band signal component
from the delay circuit 12 and the high band signal component
from the high-pass filter 17 and ocutputs the added components
as an output signal.

[0054]

In additicon, in a configuration in Fig. 3, in order to
obtain a sub-band signal, the band pass filter 13 is applisd
but is not limited thereto. For example, the band division
filter disclosed in Patent Deocument 1 may be applied.
[0055]

In addition, likewise, in a configuration in Fig. 3,
the signal adder 18 is applied inorder to synthesize a sub-band
signal, but is not limited thereto. For example, a band
synthetic filterdisclosed in Patent Document 1 may be applied.
00567
[Frequency Band Expansiocon Process of Freguency Band Expansion
Apparatus]

Next, referring to a £lowchart in Fig. 4, the freguency

band expansion process by the freguency band expansion
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apparatus in Fig. 3 will be described.
[0057]

In step 81, the low-pass filter 11 filters the input
signal by a predetermined cutoff frequency and supplies the
low band signal component as a signal after filtering to the
delay circuit 12,

[0058]

The low-pass filter 11 can set an optional frequency
as the cutoff frequency. However, in an embodiment of the
present invention, the low~pass filtér can set Lo correspond
a frequency of a low end of the expansion start band by setting
apredetermined frequency as an expansion start band described
blcw. Therefore, the low-pass filter 11 supplies a low band
signal component, which is a signal component of the lower
band than the expansion start band to the delay circuit 12
as a signal after filtering.

100597

In addition, the low-pass filter 11 can set the optimal
freguency as the cutoff frequency in response to the encoding
parameter such as the high band cancelation encoding methed
orabit rate and the 1ike of the input signal. As the encoding
parameter, for example, side information employed in the band
expansion method disclosed in Patent Document 1 can be used,
[0060]

In step 82, the delay circuit 12 delays the low band
signal component only a certain delay time from the low-pass
filter i1 and supplies the delaved low band signal component
to the signal adder 18.

[0061}
In step 53, the band pass filter 13 (band pass filters

i3~1 to 13~N) divides the input signal into a plurality of
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sub-band signals and supplies each of a plurality of sub-band
signals after the divisicn te the characteristic amcunt
calculation circult 14 and the high band signal production
circuit 16. Inaddition, the process of division of the input
signal by the band pass filter 13 will be described below.
[0062]

In step 54, the characteristic amount calculation
circuit 14 calculates cne orx more characteristic amounts by
at least one of a plurality of sub-kand signals from the kand
pass filter 13 and the input signal and supplies the calculated
characteristic amcunts to the high band sub-band power
estimation circuit 15. In additicn, a process of the
calculation for the characteristic amount by the
characteristicamountcalculationcircuitl4will bedescribed
below in detail.

[0063]

In step S5, the high band sub-band power estimation
circuit 15 calculates an estimation value of a plurality of
high band sub-band powers based on one or more characteristic
amounts and supplies the calculated estimation value to the
highband signal producticoncircuit 16 from the characteristic
amount calculation circuit 14. In addition, a process of a
calculation of an estimation value of the high band sub-band
power by the high band sub-band power estimation circuit 15
will be described below in detail.

0064]

In step 56, the high band signal production circuit 16
produces a high band signal component based on a plurality
of sub-band signals from the band pass filter 13 and an
estimation value of a plurality of high band sub-band powers

from the high band sub-band power estimation circuit 15 and
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supplies the produced high band signal component to the
high-pass f£ilter 17. In this case, the high band signal
component is the signal component of the higher band than the
expansionstartband. Inaddition, aprocessontheproduction
of the high band signal component by the high band signal
producticn circuit 16 will be described below in detail.
[0065]

In step 57, the high-pass filter 17 removes the noise
such as an alias component in the low band included in the
high band signal component by £iltering the high band signal
component from the high band signal production circuit 16 and
supplies the high band signal component to the signal adder
18.

[0066]

In step 58, a signal adder 18 adds the low band signal
compenent from the delay circult 12 and the high band signal
component fromthe high-pass filter 17 toeachother and outputs
the added components as an output signal.

[00s7]

According to the above-menticoned process, the frequency
band can be expanded with respect teo a signal component of
the low band after decoding.

(00681

Next, a description for each process of step 53 to 36
of the flowchart in Fig. 4 will be described.
[0069]
iDescription of Process by Band Pass Filter]

First, a description of process by the band pass filter
13 in step 53 in a flowchart of Fig. 4 will be described.
(00701

In addition, for convenience of the explanation, as
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degcribed below, it i1s assumed that the number N of the band
pass filter 13 is N = 4,
[0071]

For example, it is assumed that one of 16 sub-~bands
obtained by dividing Nyquist frequency of the input signal
into léparts is an expansion start band and each of 4 sub-bands
of the lower band than the expansion start band of 16 sub-bands
is each pass band of the band pass fiiters 13-1 to 13-4.
[0072]

Fig. 5 illustrates arrangements on each axis of a
frequency for each pass band of the band pass filters 13-1
to 13-4,

[0073]

As illustrated in Fig. b, if it is assumed that an index
of the first sub-band from the high band of the freguency band
{sub-kand) of the lower band than the expansion start band
is sb, an index of second sub-band is sb-1, and an index of
I-th sub-kand is sb-{I-1), Each of band pass filters 13-1 to
13-4 assign each sub-band in which the index is sb to sb-3
among the sub-band of the low kand lower than the expansicn

initial band as the pass band.

[0074]

In the present embodiment, each pass band of the band
pass filters 13~1 to 13~4 is 4 predetermined sub~bands of 16
sub-bands obtained by dividing the Nyquist freguency of the
input signal into 16 parts but is not limited thereto and may
be 4 predetermined sub-bands of 256 sub-band obtained by
dividing the Nyguist frequency of the input signal into 256
parts. In addition, each bandwidth of the band pass filters

13-1 to 13-4 may be different from each other.
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[0075]
[Description of Process by Characteristic Amount Calculation
Circuit]

Next, a descripticn of a process by the characteristic
amount calculation circuit 14 in step S84 of the flowchart in
Fig. 4 will be described. '

[0C76]

The characteristic amount calculation circuit 14
calculates one or more characteristic amounts used such that
the high band sub-band power estimation circuit 15 calculates
the estimation value of the high band sub-band power by using
at least one of a plurality of sub-band signals from the band
rass filter 13 and the input signal.

[0077]

In more detall, the characteristic amount calculation
circuit 14 calculates as the characteristic amount, the power
of the sub-band signal (sub~band power (hereinafter, referred
to as a low band sub-band power)) for each sub-kand from 4
sub-band signals of the band pass filter 13 and supplies the
calculated power of the sub-band signal to the high band
sub~-kand power estimation circuit 15.

[0078]

In octher words, the characteristic amount calculation
circuit 14 calculates the low band sub-band power power (ib,
J) in a predetermined time frame J from 4 sub-band signals
x{ib,n}, which is supplied from the band pass filter 13 by
using the following Equation {1). Herein, ib is an index of
the sub-band, and n is expressed as index of discrete time.
In additicen, the number of a sample of one frame is expressed
as FSIZE and power is expressed as decibel.

[0079]

28



10

15

20

25

SP248477W0O03

[Egquation 1]

(J+1)FSTZE~1
power (ib, J) =10 log10 > xCib.n)? | FSIZE
=SS IZE

(sh~3<ib<sb)

< (1)
(0080}

Accordingly, the low band sub-band power power (ib, J)
obtained by the characteristic amount calculation circuit 14
is supplied to the high band sub~band power estimation circuit
15 as the characteristic amcunt.

[0081]
[Descripticn of Process by High Band Sub-Band Power Estimation
Circuit]

Next, adescripticnofaprocessbythehighbandsub-band
power estimation circuit 15 of step S5 of a flowchart in Fig.
4 will be described.

[0082]

The high band sub-band power estimation circuit 15
calculates an estimation value of the sub-band power (high
band sub-band power) of the band {frequency expansion band)
which is caused to be expanded following the sub-band
(expansion start band) of which the index is sh+l, based on
4 sub-band powers supplied from the characteristic amount
calculation circuit 14.

(00831

That is, if the high band sub-band power estimation
circuilt 15 considers the index of the sub-band of maximum band
of the frequency expansion band to be eb, (eb-sb) sub-band
power is estimated with respect to the sub-band in which the

index is sb+l to eb.
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[0084]

In the frequency sxpansion band, the estimation value
powerest (1b,J} of sub-band power of which the index is ib is
expressed by the following Equation (2) using 4 sub-band power
power(ib,j) suppiied from the characteristic amount
calculation circuit 14.

10085]

[Eguation 2]

sh

power .., (ih, J) = (kb Zb {A;, (kb) power (kb, J)}>+Bib
=gh—3

(JRFSIZESn < (J+1) FSIZE~1, sb+1<ib<eh)
(2)

[008eé]

Herein, in Fquaticn {2), coefficients A:;p(kb), and Bis
are coefficients having value different for respective
sub-band ib. Coefficiants A;p{kb), By are ceocefficients set
sultably to obtain a suitable value with respect to variocus
input signals. Inaddition, Coefficients A;(kb), Biyzarealso
charged to an optimal value by changing the sub~band sb. A
deduction of Aj(kb), Biy will be described below.

[cosg7]

In Equation (2}, the estimation value of the high band
sub-band power is calculated by a primary linear combination
using power of each of a plurality of sub-band signals from
the band pass filter 13, but is not limited thereto, and for
example, may be calculated using a linear combination of a
plurality of the low band sub-band powers of frames before
and after the time frame J, and may be calculated using a
noenlinear function.

[0o8g]

30



10

15

20

25

SPZ248477W0O03

As described above, the estimation value of the high
band sub~band power calculated by the high band sub-band power
estimation circuit 15 is supplied to the high band signal
producticon circuit 16 will be described.’

[0089]
[Descriptionof ProcessbyHighBand Signal ProductionCircuit]

Next, a description will be made of process by the high
band signal production circuit 16 in step $S6 of a flowchart
in Fig 4.

[0090]

The high band signal production circult 16 calculates
the low band sub-band power power (ib, J) of each sub-band based
on Equation (1) described above, froma plurality of sub-band
gsignals supplied from the band pass filter 13. The high band
signal production circuit 16 obtains a gain amount G(ib, J)
by Equation 3 described below, using a plurality of low band
gub-band powers power (ib, J) calculated, and an estimation
valuepoweres: (1b,J) of thehighband sub~bandpowercaiculated
based on Equation {2) described above by the hich band sub-band
power estimation circuit 15.

[0091]
{Equation 3]

Glib, J) = IO{(nowerm(ib.d)“ncwer{sbmap(ib},J))/QOI

(JHRFSIZESn < (J+1) FSIZE—1, sb+1<ib<eb)
-+ (8)
[0082]
Herein, in Egquation (3}, sbmap (ib)shows the index of
the sub-band of an criginal map of the case where the sub-band
ib is considered as the sub-band of an criginal map and is

expressed by the following Equation 4.
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(00237
[Fquation 4]

Sbygp (10) = ib—4INT iﬁﬁ%ﬁilm

(sb+1<ib<eh)

« v ow (4)
[0094]
In addition, inEguation (4), INT (&) is a functionwhich
cut down a decimal point of wvalue a.
[0095]
Next, the high band signal prcoduction circuit 16 calculates
the sub-band signal x2 (ib,n) after gain control bymultiplying
the gain amount G{ib,J) cbtained by Equation 3 by an output
of the pand pass filter 13 using the following Equation (5).
[0096)

[Equation 5]

xZ(ib,n) = G(ib, J) x(sby,, (ib), n)
(JHFSIZESn < (J+1) FSIZE—1, sh+1<ib<eb)

c 8 ® (5)
[0097]

Further, the high band signal production circuit 16
calculates the sub-band signal x3{ib, n} after thegaincontrol
which is cosine~transferred from the sub-band signal x2(ib,
n) after adjustment of gain by performing cosine transfer to
a freguency coerresponding a fraquency of the upper end of the
sub-band having index of sb from a freguency corresponding
to a frequency of the lower end of the sub-kand having the
index of sb-3 by the following Eguaticn (6).

[C0S8]
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[Eguation 6]
x3(ib, n) =x2{ib, n)*2cos(n}*{4(ib+1) £ 32}
(sb+1<ibh<eb)

e (6)
[0G89]

Inaddition, inEgquation (&), ishowsacircular constant.
Fguation (6) means that the sub-kand signal x2 (ib, n} after
the gain control is shifted to the frequency of each of 4 band
part high band sides.

(0100}

Therefore, the high band signal production circuit 16
calculates the high band signal component Xnign (1} from the
sub-band signal x3{ib,n) after the gain contrecl shifted to
the high band side according to the following Equation 7.
(0101}

[Equation 7]

eb
Xmgh(ﬂ) s 2: Xg(ib,ﬁ}

jh=sh-+1
ce e ()
i0102]

Accordingly, the high band signal component is produced
by the high band signal production circuit 16 based on the
4 low band sub-band powers obtained based on the 4 sub-band
signals from the band pass filter 12 and an estimation value
of the high band sub-band powexr from the high band sub-band
power estimaticn circuit 15, and the preduced high band signal
compenent is supplied to the high-pass filter 17.

[0103]

Accerding to process described above, since the lowband
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sub-band power calculated fromapluralityof sub-band signals
is set as the characteristic amount with respect to the input
signal obtained after decoding of the encoded data by the high
band cancelation encoding method, the estimation value of the
high band sub-band power is calculated based on a coefficient
set suitably thereto, and the high band signal component is
produced adaptively from the estimation value of the low band
sub-band power and the high band sub-band power, whereby it
is possible to estimate the sub—band.power of the freguency
expansicn band with high accuracy and to reprcduce a music
signal with a better scund qguality.
(01041

As described above, the characteristic amount
calculationcircuit 14 illustrates an example that calculates
as the characteristic amount, only the lowband sub~band power
calculated from the plurality sub-band signal. However, in
this case, the sub-band powsr ¢f the frequency expansion band
cannot be estimated with high accuracy by a kind of the input
signal.
(01057

Herein, the estimate of the sub-band power of the
frequency expansion band in the high band sub-band power
estimation circuit 15 can be performed with high accuracy
because the characteristic amount calculation circuit 14
calculatesacharacteristicamount havingastrongcorrelation
with an output system of sub-band power of the frequency
expansicn band ({(a power spectrum shape of the high band).
[010¢6}
[Bnother Example of Characteristic Amount Calculated by
Characteristic Amount Calculaticn Circuit]

Fig. & illustrates an example of the frequency
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characteristiccfavocal regionwheremostocfvocal isocoupied
and the power spectrumof the high band cbtained by estimating
the high kband sub-band power by calculating only the low band
sub-band pcewer as the characteristic amount.

(01071

Asillustratedin¥Fig. 6, inthe frequencycharacteristic
of the vocal region, there are many cases where the estimated
power spectrum of the high band has a peosition higher than
the power spectrum of the high band of an original signal.
Since sense of incongruity of the singing voice of people is
easily perceived by the pecple’s ear, i1t is necessary to
estimate the high band sub-band power with high accuracy in
vocal region.

[0108]

In addition, as illustrated in Fig. 6, in the freguency
characteristic of the vocal region, there are many cases that
a lager concave 1s disposed from 4.9 kHz te 11.025 kH=z.
[01083]

Herein, as describedbelow, anexample will be described
which can apply a degree of the concave in 4.9 kHz to 11.025
kHz in the frequency area as a characteristic amount used in
estimating the high band sub-band power of the vecal region.
In additicn, a characteristic amount showing a degree of the
cencave ia referred to as a dip below.

[01101

A calculaticn example of a dip in time frames J dip(J)
will be described below.
[0111]

Fast Fourier Transform (FFT) of 2048 points is performed
with respect to signals of 2048 sample sections included in

a range of a few frames before and after a time frame J of
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the input signal, and coefficients on the freguency axis is
calculated. The power spectrum is cobtained by performing db
conversion with respect to the absoclute value of each of the
calculated coefficients.

[0112]

Fig. 7 illustrates one example of the power spectrum
obtained in above-~mentioned method. Herein, in order to
remove a fine component of the power spectrum, for example
g0 as toremove component of 1.3 kHz or less, alifteringprocess
is performed. 1f the liftering process is performed, it is
possible to smocth the fine compeonent of the spectrum peak
by selecting each dimension of the power spectrum and
performinga filtering process by applying the low-pass filter
according to a time sequence.
f0113]

Fig. 8 illustrates an example of the power spectrum of
the input signal after liftering. In the power spectrum
fellowingrecovering illustratedinFig. 8, differencebetween
minimum value and maximum value included in a range
corresponding to 4.9 kHz to 11.025 kHz is set as a dip dip(J).
[0114]

As described above, the characteristic amcunt having
a strong correlation with the sub-band power of the frequency
expansion band is calculated. In addition, a calculation
example of a2 dip dip{J) is not limited to the above-mentioned
method, and other method may be performed.

(0115]

Next, cther example of calculation of a characteristic
amount having a strong correlation with the sub-band power
of the frequency expansion band will be described.

[01lle]
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[8till Another Example of Characteristic Amount Calculated
by Characteristic Amount Calculation Circuit]

Ina frequency characteristic of anattack region, which
is, a reglon including an attack typemuzslic signal in any input
signal, there are many cases that the power spectrum of the
high band is substantially flat as described with reference
to Fig., 2. It is difficult for a method calculating as the
characteristic amount, only the low band sub-band power to
estimate the sub-band power of the almost flat fregquency
expansion band seen from an attack region with high accuracy
inorder toestimate the sub-bandpower of a frequency expansion
band without the characteristic amount indicating time
variation having a specific input signal including an attack
region.

[0117]

Herein, an example applying time variation of the low
rand sub-band power will be described below as the
characteristic amount used for estimating the high band
sub-band power of the attack region.

(01187

Time vibration powery (J} of the low band sub-band power
in some time frames J, for example, 1s obtained from the
following Egquation (8),

01197

[Fguation 8]

| s (HDFSIZE-T
powery(J) = % 2 (xCib,m?
ib=sb—3 n=JdFSIZE

sb JHFSIZE—1

) Y (xtib,n)d

ibe=sb—3 p=(U~NFSIE

-« (8)
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[0120]

According to Eguation 8, time variation powerg {(J} of
& low bkand sub-band power shows ratio between the sum of four
iow band sub-band powers in time frames J-1 and the sum of
four low band sub-band powers in time frames (J-1) before one
frame of the time frames J, and 1if this value become large,
the time variation of power between frames is large, that is,
a signal included in time frames J is regarded as having strong
attack.
01211

In addition, if the power spectrum illustrated in Fig.
1, which is average statistically is compared with the power
spectrum of the attack region {(attack type music signal)
illustrated in Fig. 2, the power specirum in the attack region
ascends toward the right in a middlie band. Between the attack
reglons, there are many cases which show the freguency
characteristics.
(61223

Accordingly, an example which applies a slope in the
middle band as the characteristic amount used for estimating
the high band sub-band pcower between the attack regions will
be described below.
(41231

A slope slope (J) of a middle band in some time frames
J, for example, is cbtained from the following Equation (9).
[0124]

[Eguation 9]
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sh {J+1)FSIZE—1
slope(Jy = ¥ Y {W(ibk)*x(ib,n)2)}
| ib=sb—3  n=J+FSIZE

sb (JH1ESIZE-1
)3 2 (x(ib, n)?2)

ib=sb—3 n=J#¥SIE
e (9)
[0125]

In the Eguation (9), a coefficient w (ib) is a weight
factor adjusted to beweighted to the high band sub-band power.
Accoxding to the Equaticn {8), the slope (J) shows a ratio
of the sum of four low band sub-band pcwers welghted to the
high band and the sum cof four low band sub-band powers. For
example, if four low band sub-band powers are set as a power
with respect to the sub-band of the middle band, the slope
(J) has a large value when the power spectrum in a middle band
ascends to the right, and the power spectrum has small value
when the power spectrum descends to the right.

[0126]

Since there are many cases that the slope of the middle
band considerably varies before and after the attack section,
it may be assumed that the time variety slopey {(J} of the siope
expressedby the following Equation (10) is the characteristic
amount used in estimating the high band sub-band power of the
attack region.

[0127]

[Equation 10]
stopeg(J) = slope(J) ~slope(J—1)
(MFSIZESn< (J+1) FSLZE—1)

“"(10)
[(0128]

39



10

15

20

25

Sp248477W0O03

In addition, it may be assumed that time variety dipg (J)
of the dip dip(J) described above, which is expressed by the
following BEgquation {11) is the characteristic amount used in
estimating the high band sub-band power of the attack region.
[0129]

[Equation 11]

dipg(J) =dip(J) —dip(J=1)
(JFSIZESn< (J+1) FSIZE-T1)

= (1T 1)
[0130]

According to the above-mentioned method, since the
characteristic amcount having a strong correlation with the
sub-band power of the frequency expansion band is calculated,
if using this, the estimation for the sub-band power of the
frequency expansion band in the high band sub-band power
estimation circuit 15 can be performed with high accuracy.
[0131]

As described above, an example for caiculating the
characteristic amount having a strong correlation with the
sub-band power of the frequency expansion band was described.
However, anexample for estimating the highband sub~-band power
will be described below using the characteristic amount
calculated by the methcod described above.

(01323
[Description of Process by High Band Sub-band Power Estimation
Circuit]

Herein, anexample forestimating the high band sub-band
power using the dip described with reference to Fig. 8 and
the low band sub-band power as the characteristic amount will

be described,.
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That is, in step 5S4 of the flowchart in Fig. 4, the

characteristic amount calculation circuit 14 calculates as

the characteristic amount, the low band sub-band power and

the dip and supplies the calculated low band sub-band power

and dip to the high band sub-band power estimation circuit

15 for each sub-band from four sub-band signals from the band

pass filter 13.
[0134]

Therefore, in step S5,

the high band sub-band power

estimation circuit 15 calculates the estimation value of the

high band sub-band power based on the four low hand sub-band

powers and the dip from the characteristic amount calculation

circuilt 14.

[0135]

Herein, in the sub-band power and the dip, since ranges

of the obtained values (scales) are different fromeach other,

the highband sub~band power estimationcircuit 15, forexample,

performs the following conversion with respect to the dip

vaiue.

[0136]

The high band sub-band power estimation circuit 15

calculates the sub~band power of a maximum kand of the four

low band sub-band powers and a dip value with respect to a

predetermined large amount of the input signal and obtains

an average value and stancarddeviation respectively. Herein,

itis assumed that the average value of sub-bandpower 1is powerae,

a standard deviaticn of the sub-band power 1s DoOWeXewe, the

average value of the dip 1s dipave, and the standard deviation

of the dip is dipg:a.
[0137]
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The high band sub-band power estimation circuit 15
converts the value of the dip dip(J) using the value as in
the following Eguation (12) and obtains the dips dip(J) after
conversion.

[0138]

[Equation 12]

dip (J) ~dip,y,
dgpstd

dipg(J) = POWE ¢ +DOWET 40

s (12)

[0139]

By performing conversicn described in Equation (12},
the high band sub-band power estimation circuit 15 can
statistically cconvert the wvalue of dip dip(J) to an equal
variable {(dip) dips {J} for the average and dispersion cf the
low band sub-band power and make a range of the value cobtained
fromthedipapproximatelyequal toarange of the value cbtained
from the sub-band power.

[0140]

In the frequency expansion band, the estimation value
POWEeTresr (b, J) of the sub-band power in which index is ik, is
expressed, according to Equation 13, by a linear combination
of the four low band sub-band powers power (ib,J) from the
characteristic amcount calculation circuit 14 and the dip
dips (J} shown in Zgquation {(12).

[0141]
[Equation 13]
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sh

power oo (ib, J) = (kb_zh 3{Cib(kh) power (kb, J)})+D;bdipS(J)+E;t

(J#FSIZE<n < (J+1) FSIZE~1, sh+1<ib<eb)
< (13

[0142]

Herein, in Equation (13), coefficients Cilkb), Din, Eix
are cocefficients having value different for each sub-band ib.
The coefficients Cip(kb), Diy, and E;p, are coefficients set
sultably in order to cbtain a favorable value with respect
tovarious input signals. Ineaddition, thecoefficient Ci(kb),
BPiy and Ejp are also changed to optimal values in order to change
sub~-band sb. Further, derivation of coefficient Cip{kb), Dip,
and Ei;p will be described below,

[0143]

In Equation (13), the estimation value of the high band
sub-band power is calculated by a linear combination, but is
not limited thereto. For example, the estimation value may
be calculated using & linear combination of a plurality
characteristic amount of a few frames before and after the
time frame J, andmaybecalculatedusinganon~linear function.
(01447

According to the process described above, it may be
pessible to reproduce music signal having a better gquality
in that estimation accuracy of the high band sub-band power
at the vocal region is lmproved compared with a case that it
is assumed that only the low band sub-band power is the
characteristic amount in estimation of the high band sub-band
power using a value of a specific dip of vocal region as a
characteristic amcunt, the power spectrum of the high band

is produced by being estimated to be larger than that of the
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£ =%

high band power spectrum of the original signal and sense of
incongrulty can be easily pexrceived by the people’s ear using
a methed setting conly the low band sub-~band as the
characteristic amount.

[0145]

Therefore, 1f the number of divisions of sub-bands is
16, since frequency resolution is low with respect to the dip
calculatedas thecharacteristicamount by themethoddescribed
above (a degree of the concave in a frequenéy characteristic
of thevocalregion), adegreeof the concavecannotbeexpressed
by oniy the low band sub-band power.

[D146]

Herein, the frequency resolution is improved and it may
be possible to express the degree of the concave at only the
low band sub-band power in that the number of the divisions
of the sub-bands increases (for example, 256 divisions of 16
times), the number of thebanddivisions by thebandpass filter
13 increases (for example, 64 of 16 times), and the number
of the lowband sub-band power calculatedby the characteristic
amount calculation circuit 14 increases (64 of 16 times).
0147]

By oniy & low kand sub-band power, it is assumed Chat
it is possible to estimate the high band sub-band power with
accuracy substantially equal to the estimation of the high
band sub-band power used as the characteristic amcunt and the
dip described above.

[0148]

However, a calculation amount increases by increasing
the number of the divisions cof the sub-bands, the number of
the band divisions and the number of the low band sub-band

powers, If it is assumed that the high band sub-band power
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can be estimated with accuracy equal tc any method, the method
that estimates the high band sub-band power using the dip as
the characteristic amount without increasing the number of
divisions of the sub-bands is considered to be efficient in
terms of the calculation amount.

[0149]

As described above, a method that estimates the high
band sub-band power using the dip and the low band sub-band
power -was described, but as the characteristic amount used
in estimating the high band sub-band power, one or more the
characteristic amounts described above {a low band sub-band
power, a dip, time variation of the low band sub-band power,
slope, time variation of the slope, and time variation of the
dip} without being limited to the combination. In this case,
it is possible to improve accuracy inestimating the high band
sub-band power.

[0150]

In addition, as described above, in the input signal,
itmaybepossible toimproveestimationaccuracyof the section
by using a specific parameter in which estimation of the high
band sub-band power is difficult as the characteristic amount
used in estimating the high band sub-band power. For example,
time varietyof the lowband sub-bandpover, slope, timevariety
of glope and time variety of the dip are a specific parameter
in the attack region, and can improve estimation accuracy of
the high band sub-~band power in the attack region by using
the parameter thereof as the characteristic amount.

[0151]

Inaddition, evenifestimaticnof the highband sub~band

power is performed using the characteristic amount other than

the low band sub~band power and the dip, that is, time variety
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of the low band sub-band power, slope, time variety of the
slope and time variety of the dip, the high band sub-band power
can be estimated in the same manner as the method described
above.
[0152]

In addition, each calculation method of the
characteristic amount described in the specification is not
l1imited to the method described above, and other method may
be used.

[0153]
iMethod for Obtaining Coefficients Cijp {(kb), Dip, Eip]

Next, a methed for ocbtaining the coefficients Ci; (kb),
Dip and Ejp, will be described in Equation (13) described above.
(01541

Themethodisappliedinwhichcoefficientsisdetermined
based on learning result, which performs learning using
instruction signal having a predetermined broad band
(hereinafter, referred to as a broadband instruction signal)
such that as method for obtaining coefficients Ciy (kb), Dis
andE;jy, coefficients Ciy (kk), Djy, andE;y, become suitable
values with respect to varicus input signals in estimating
the sub-band power of the frequency expansion band.

[0155]

When learning of coefficient Cijp (kb), Dip and Eijp is
performed, acoefficient learningapparatus including the band
pass filter having the same pass band width as the band pass
filters 13-1 to 13-4 described with reference to Fig. 2 is
applied tc the high band higher the expansion initial band.
The coefficient learning apparatus performs learning when
broadband instruction is input.

[C156]
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[Functional Configuration Example of Coefficient Learning
Apparatus]

Fig. 9 11llustrates a functional configuration example
of acoefficient learning apparatus performing an instruction
of coefficients Cip (kb), Dip and BEip.

[0157]

The signal component cof the low pand lower than the
expansioninitialbandofaabroadbandinstructionsignalinput
to a coefficient learning apparatus 20 in Fig. 9 is a signal
encoded in the same manner as an encoding methoed performed
when the input signal having a limited band input to the
frequency band expansion apparatus 10 in Fig. 3 is enccded.
[0158]

Acoefficient learningapparatus 20 includes a band pass
filter 21, a high band sub-band power calculation circuit 22,
a characteristic amount calculation circuit 23, and a
coefficient estimation circuit 24.

[0159]

The band pass filter 21 includes band pass filters 21-1
to 21-{K+N) having the pass bands different from each other.
The band pass filter 21-1(1 £ i £ K+N) passes a signal of a
predetermined pass band of the input signal and supplies the
passed signal to the high band sub-band power calculaticn
circuit 22 or the characteristic amount calculation circuit
23 as one of a plurality of sub-band signals. In addition,
the band pass filters 21-1 to 21-K of the band pass filters
21-1 to 21-{K+N) pass a signal of the high band higher than
the expansion start band.

[0160]
The high band sub-kand power calculation circuit 22

calculates a high band sub-band power of sach sub-band for
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eachconstant time framewithrespect toapluralityof sub~band
signals of the high band, from the band pass filter 21 and
supplies the calculated high band sub-band power to the
coefficient estimation circuit 24.

[0161]

The characteristic amocunt calculation circuit 23
calculates the same characteristic amount as the
characteristicamountcalculatedby the characteristicamount
calculation circuit 14 of the frequency band expansion
apparatus 10 in Fig. 3 for the same respective time frames
as a constant time frames in which the high band sub-band powez
is calculated by the high band sub-band power calculation
clrcuit 22. That is, the characteristic amount calculation
circuitZ3 calculates one ormore characteristicamounts using
at least one of a plurality of sub-band signals from the band
pass filter 21, and the broadband instruction signal, and
supplies the calculated characteristic amounts to¢ the
coefficient estimation circuit 24.

[0162]

The coefficient estimation circuit 24 estimates
coefficient (cecefflcient data) used at the high band sub-band
power estimaticn circuit 15 of the frequency band expansion
apparatus 10 in Fig. 3 based on the high band sub-band power
from the high band sub-band power calculation circuit 22 and
the characteristic amount from the characteristic amount
calculation circuit 23 for each constant time frame.
[0163]

[Coefficient Learning Process of Coefficient Learning
Apparatus]
Next, referring to a flowchart in Fig. 10, coefficient

learning precess by a cecefficlent learning apparatus in Fig.
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8 will be described.
[0164]

In step 511, the band pass filter 21 divides the input
signal {expansionbandinstructionsignal) inte (K+N) sub-~band
signals. Thebandpass filters2l-1to2l-Ksupplyaplurality
of sub-band signals ¢f the high band higher than the expansion
initial band to the high band sub-band power calculation
circuit 22. In addition, the band pass filters 21-(K+1) to
21-(K+N) supply a plurality of sub-band signals of the low
band lower than the expansion initial band to the
characteristic amount calculation circuit 23.

[0165]

In step S12, the high band sub-band power calculation
circuit 22 calculates the high band sub-band power power (ib,
J) of each sub-band for each constant time frame with respect
to a plurality of the sub~band signals of the high band from
the band pass filters 21 (band pass filter 21-1 to 21-K). The
high band sub-band power power (ib, J} is cbtained by the above
mentioned Eguation (1). The high band sub-band power
calculation circuit 22 supplies the calculated high band
sub-band power to the coefficient estimation circuit 24.
[C166]

In step 38313, the characteristic amount calculation
circuit 23 calculates the characteristic amount for the same
each time frame as the constant time frame in which the high
band sub-band power is calculated by the high band sub-band
rower calculaticn circult 22.

[0167]

In additicn, as described below, in the characteristic

amcunt calculation circuit 14 of the frequency band expansion

apparatus 10 in Fig. 3, it is assumed that the four sub-band
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powers and the dip of the low band are calculated as the
characteristic amount and it will be described that the four
sub-band powers and the dip of the low band calculated in the
characteristic amocunt calculation circuit 23 of the
coefficient learning apparatus 20 similarly.

[0168]

That is, the characteristic amount calculation circuit
23 calculates four lowband sub~band powers using four sub-band
signals of the same respective four sub-band signals input
te the characteristic amcunt calculation circuit 14 of the
frequencybandexpansionapparatus10fr§mthebandpassfilter
21 (band pass filter 21~ (K+1) to 21-(K+4)). In addition, the
characteristic amount calculation circuit 23 calculates the
dip from the expansion band instruction signal and caiculates
the dip dipe (J) based on the Equation (12} described above.
Further, the characteristic amount calculation circuit 23
supplies the four low band sub-band powers and the dip dips (J)
as the characteristic amcunt to the coefficient estimation
circuit 24.

[0169]

In step 514, the coefficient estimation circuit 24
performs estimationof coefficients C;y (kb), Dip and EB;p based
cnapluralitycef combinations of the (eb-sb) highband sub-band
power of supplied to the same time frames from the high band
sub-band power calculation circuit 22 and the characteristic
amount calculation circuit 23 and the characteristic amount
{four low band sub~band powers and dip dips(J)). For example,
the ceoefficient estimaticn circuit 24 determines the
coefficients Cip (kb), Dip and Ejp in Equation {13) by making
five characteristic amounts (four low band sub-band powers

and dip dips{J}) be an explanatory variable with respect to
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one of the sub~band of the high bands, and making the high
band sub-band power power (ib, J) be an explained variable and
performinga regressionanalysisusinga least~squaresmethod,
[O170]

In addition, naturally the estimation method of
coefficients Cip {kb), Dipr and E;p i1s not limited to the
above-mentioned method and various common parameter
identification methods may be applied.

[0171]

According to the processes described above, since the
learning of the coefficients used in estimating the high band
sub-band power 1s set to be performed by using a predetermined
expansion band instruction signal, there is possibility to
obtainapreferred output result with respect to various input
signals input to the frequency band expansion apparatus 10
and thus it may be possible to reproduce a music signal having
a better guality.

(01721

Inaddition, it ispossibletocalculatethecoefficients
Riyn (kb) and Bjp in the above-mentioned Equation {2) by the
coefficient learning method.

10173

As described above, the coefficient learning processes
wasg described premising that eachestimation value of the high
band sub-band power is calculated by the linear combination
such as the four lcow band sub-band powers and the dip in the
highkand sub-band power estimationcircuit 15of the frequency
band expansion apparatus 10.

However, a method for estimating the high band sub-band
power in the high band sub-band power estimation circuit 15

is not limited to the example described above. For example,
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since the characteristic amcunt calculation circuit 14
calculates one or more of the characteristic amocunts other
than the dip {(time variation of a low band sub-band power,
slope, time variation of the slope and time variation of the
dip), thehighband sub~bandpowermaybecalculated, the linear
combination of a plurality of characteristic amount of a
plurality cf frames before and after time frames Jmay be used,
or & non-linear function may be used. That i1s, in the
coefficient learning process, the coefficient estimation
circuit 24 may calculate (learn) the coefficient on the same
condition as that regarding the characteristic amount, the
time frames and the functicn used in a case where the high
band sub-band power is calculated by the high band sub-band
power estimation circuit 15 of the frequency band expansion
apparatus 10.

[0174]

<Z. Second Embodiment>

Inasecondembodiment, encoding processing anddecoding
processing in the high band characteristic encoding method
by the encoder and the decoder are performed.

[0175]
[Functional Configuration Example of Encoder]

#fig. 11 illustrates a functional configuration example
of the encoder to which the present inventicn is applied.
[0176]

An encoder 30 includes a 31, a low band encoding clrcuit
32, a sub-band division circuit 33, a characteristic amount
calculation circuit 34, a pseudc high band sub-band power
calculation circuit 35, a pseudo high band sub-band power
differencecalculaticncircuit 34, ahighkbandencodingeoircuit

37, anmultiplexing circult 38 and a low band decoding circult
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39.
[0177]

The low-pass filter 31 filters an input signal using
a predetermined cutoff fregquency and supplies a signal of a
lcow band lower than a cutoff freguency {(hereinafter, referred
tc as a low band signal) as signal after filtering to the low
pand enceding circult 32, a sub-kand division circuit 33, and
& characteristic amount calculation circuilt 34.

[0178]

The lowbkand encoding circult 32 encodes a lowband signal
from the low-pass filter 31 and supplies low band encoded data
obtained from the result to the multiplexing circuit 38 and
the low band decoding circuit 39.

[C179]

The sub-band division circuit 33 equally divides the
input signal and the low band signal from the low-pass filter
31 intcaplurality of sub-band signals having a predetermined
band width and supplies the divided signals tc the
characteristic amount calculation circuilt 34 or the pseudo
high band sub-band power difference calculation circuit 36.
In particular, the gub-band division circuit 33 supplies a
plurality of sub-band signals (hereinafter, referred to as
a low band sub-band signal} obtained by inputting to the low
band signal, to the characteristic amount calculation circuit
34. In addition, the sub-band division circuit 33 supplies
the sub-band signal (hereinafter, referred to as a high band
sub-kandsignal) of thehighbandnigher thanacutoff frequency
set by the low-pass filter 31 among a plurality of the sub-band
signals obtained by Inputting an input signal to the pseudo
high band sub-band power difference caiculation circuilt 36,

[0180]
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The characteristic amount calculation circuit 34
calculates one or more characteristic amounts using any one
of a plurality of sub-band signails of the low band sub-band
signal from the sub-band division circuit 33 and the low band
signal from the low-pass filter 31 and supplies the calculated
characteristic amounts to the pseudo high band sub~band power
calculation circuit 35,

[01811 _

Thepseudohigﬁbandsub-bandpowercalculationcircuit
35 produces a pseudc high band sub-band power based on ¢ne
ormore characteristic amounts from the characteristic amount
calculaticon circult 34 and supplies the produced pseudo high
band subk-tand power to the.pseudo high band sub-~band power
difference calculation circuit 36.

[orsz]

The pseude high band sub-band power difference
calculation circuit 36 calculates a pseudo high band sub-band
power difference described below based on the high band
sub-band signal from the sub~band division circuit 33 and the
pseudo high band sub-band power from the pseudo high band
sub-band power calculaticn circult 35 and supplies the
calculated pseudo high band sub-band power difference to the
high band encoding circuit 37.

01831

The high band encoding circuit 37 encodes the pseudo
high band sub-band power difference from the pseudo high band
sub~band power difference calculation circuit 36 and supplies
the high band encoded data obtained from the result to the
multiplexing circuit 38,

[G184]

The multiplexing circuif 38 multiples the low band
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encoded data from the low band encoding circuit 32 and the
high band encoded data from the high band encoding circuit
37 and outputs as an output ccde string.

[0185]

The low band decoding circuit 39 suitably decodes the
low band enceded data from the low band enceding circuit 32
and supplies decoded data obtained from the result to the
sub-band division circuit 33 and the characteristic amount
calculation circuit 34.

[018¢]
[Enceding Processing of Encoder]

Next, referring te a flowchart in Fig. 12, the encaoding
precessing by the encoder 30 in Fig. 11 will be described.
[0187]

In step 8111, the low-pass filter 31 filters the input
signal using a predetermined cutoff freguency and supplies
the low kand signal as the signal after filtering to the low
band encoding circuit 32, the sub-band division circuit 33
and the characteristic amount calculation circuit 34.
[0188]

In step 5112, the low band encoding circuit 32 encodes
the low band signal from the low-pass filter 31 and supplies
low band encoded data obtained from the result to the
multiplexing circult 38.

[0189]

In addition, for encoding of the low band signal in step
5112, a suitable encoding method should be selectead according
to an enceoding efficiency and & obtained circuit scale, and
the present invention does not depend on the encoding methed.
[0190]

In step 81132, the sub-band division circuit 33 equally
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divides the input signal and the low band signal tocaplurality
of sub-band signals having a predetermined bandwidth. The
sub-band division circuit 33 supplies the low band sub-band
signal obtained by inputting the low band signal to the
characteristic amount calculation circuit 34. In addition,
the sub-band division circuit 33 supplies the high band
sub-band signal of a band higher than a frequency of the band
limit, which is set by the low-pass filter 31 of a plurality
of sub~band signals obtained by inputting the input signal
to the pseudo high band sub-band power difference calculaticn
circuit 36.

[0191]

In a step 3114, the characteristic amount calculation
circuit 34 calculates one or more characteristicamounts using
at least any one of a plurality of sub-band signals of the
low band sub-band signal from sub-band division circuit 33
and a low band signal from the low-pass filter 31 and supplies
the calculated characteristic amounts to the pseudo high band
sub-band power calculation circuit 35, In addition, the
characteristic amount calculation circuit 34 in Fig. 11 has
basically the same configuration and function as those of the
characteristicamcuntcalculationcircuitl4inFig. 3. Since
a process in step S114 is substantially identical with that
of step 34 of a flowchart in ¥Fig. 4, the description thereof
is omitted.

[0192]

In step 5115, the pseudo high band sub-band power
calculation circuit 35 produces a pseudo high band sub-band
power based on one or more characteristic amounts from the
characteristicamount caleculation circuit 34 and supplies the

produced pseudc high band sub-band power to the pseudo high
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band sub-band power difference calculation circuit 36. In
addition, the pseudo high band sub-band power calculation
circuit 35 in Fig. 11 has basically the same configuration
and functionas thoseof the highband sub~bandpowerestimation
circuit 15 in Fig. 3. Therefcre, since a process in step 3115
is substantially identical with that of step 85 of a flowchart
in Fig. 4, the description therecf is omitted.

[0193]

Instep 5116, apseudohighbandsub-bandpowerdifference
calculaticoncircuit3écalculates thepseudohighbandsub-band
power difference based on the high band sub-band signal from
the sub-band division circuit 33 and the pseudo high band
sub~band power from the pseudo high band sub-band power
calculationcircult 35 and supplies the calculated pseudo high
pand sub-band power difference to the high band encoding
clrcuit 37.

[0154]

Specifically, the pseudo high band sub-band power
difference calculation circuit 36 calculates the (high band)
sub-band power power(ib,J) in a constant time frames J with
respect to the high bkand sub-band signal from the sub-band
division circuit 33. In addition, in an embodiment of the
present invention, all the sub-band of the low band sub-band
signal and the sub-band of the high band sub-band signal
distinguishes using the index ib. The calculation method of
the sub-~band power can apply to the same method as first
embodiment, that is, the method used by Equation (1) thereto.
[0195]

Next, the pseudo high band sub-band power difference
calculation circuit 36 calculates a difference value (pseudo

high band sub-band power difference) powerys (1b,J) between
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the high band sub-band power power (ib, J} and the pseudo high
band sub-band power power;y (ib,J) from the pseudo high band
sub~band power calculaticn circuit 35 in a time frame J. The
pseude high band sub-band power difference powerg:irrs (ib,J)
is obtained by the following Eguation {14).

[01%6]

{Equation 14]
powst 4i¢¢ (ib, J) = power (ib, J) —power, (ib, J)
(JHFSIZE<n < (J+1) FSIZE~1, sb+1<ib<eb)

cee (14)
[0197]

In Eguation {14}, an index sb+l shows an index of the
sub-band of the lowest band in the high band sub-band signal.
In addition, an index eb shows an index of the sub-band of
the highest band encoded in the high band sub-band signal.
[g1s8)]

As described above, the pseudo high band sub-band power
difference calculated by the pseudo high band sub-band power
difference calculationcircuit 36 is supplied to the high band
encoding circuit 37.

[0199]

In step 5117, the high band encoding circuit 37 encodes
the pseudo high band sub~band power difference from the pseudo
high band sub-band power difference calculation circuit 36
and supplies high band encoeded data obtained from the result
to the multiplexing circuit 38.

[0200]

Specifically, the high band encoeding circuit 37

determines that on obtained by making the pseudo high band

sub-band power difference from the pseudo high band sub-band
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power difference calculatiocn circuit 36 be a
vector (hereinafter, referred toas a pseudo highband sub-band
power difference wvector) belongs te which cluster among a
plurality of clusters in a characteristic space of the
predetermined pseudo high band power sub-band difference.
Herein, the pseudo high band sub-band power difference vector
in a time frame J has, as a element of the wvector, a value
of apseudohighbandsub~bandpowerdifferencepowargis¢ (ib, J)
foreachindexib,andshowsthevectorofan(eb—sb)dimension.
Im addition, the characteristic space of the pseudo high band
gub-band power difference is set as a gpace of the (eb-sb)
dimension in the same way.
10201]

Therefore, the high band encoding cirguit 37 measures
a distance between a plurality of each representative vector
of a plurality of predetermined clusters and the pseudc high
band sub-bandpowerdifferencevectorinacharacteristicspace
of the pseudo high band sub-band power difference, obtains
indexoftheclusterhaving the shortest distance (hereinafter,
referred tc as a pseudo high band sub~kand power difference
ID) and supplies the cobtained index as the high band encoded
data to the multiplexing circuit 38.
(02021

In step 5118, themultiplexing circuit 38 multiples low
band encoded data output from the low band enceding circuit
32 andhighbandencodeddata output fromthe highbkandencoding
circuit 37 and outputs an output code string.
[0203]

Therefore, as an encoder in the high band characteristic
encoding methed, Japanese Patent Application Laid-Open No,

2007-17908 discloses a technology producing the pseudo high
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band sub-band signal from the low band sub-band signal,
comparing the pseudo high band sub-band signal and power of
thehighband sub-bandsignal witheachother for each sub-band,
calculating a gain of power for each sub-band to match the
power of the pseudo high band sub~band signal to the power
of the high band sub-band signal, and causing the calculated
gain to be included in the code string as information of the
high band characteristic,

[0204]

Accordingtotheprocessdescribedabove, only thepseudo
high pand sub-band power difference ID may be included in the
cutput code string as information for estimating the high band
sub~pandpower indecoding. Thatis, fecrexample, if thenumber
of the predetermined clusters is 64, as information for
restoring the high band signal in a decoder, 6 bit information
may be added to the code string per a time frame and an amount
of information included in the code string can be reduced to
improve decoding efficiency compared with a method disclosed
in Japanese Patent Application Laid-Open No. 2007-17%08, and
it is possible to reproduce a music signal having a better
sound quality.

[0205]

In addition, in the processes described above, the low
band decoding circuit 38 may input the lowband signal cbtained
by deceding the lowband encoded data from the lowhand encoding
circuit 32 to the sub-band divisicon circuit 33 and the
characteristic amcunt calculation circuit 34 if there is a
margin in the characteristic amount. In the decoding
processing by the decoder, the characteristic amount is
calculated from the low band signal decoding the low band

encodeddata and the power of thehighband sub-bandisestimated
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based on the characteristic amount. Therefore, even in the
encoding processing, if the pseudo high band sub-band power
difference IDwhich is calculated based on the characteristic
amount calculated from the decoded low band signal is included
in the cede string, in the decoding processing by the deccder,
the high band sub~band power having a better accuracy can be
estimated. Therefore, it iz possible te reproduce a music
signal having a better sound gquality.

[C206]

[Functional Configuration Example of Decoder]

Next, referring to Fig. 13, a functional configuration
example of a decoder corresponding to the encoder 30 in Fig.
11 will be described.

[06207]

A decoder 40 includes a demultiplexing circuit 41, a
low band decoding circuit 42, a sub-band division circuit 43,
a characteristic amcunt calculation circuit 44, and a high
kband decoding circuit 45, a decoded high band sub-band power
calculation circuit 46, a decoded high band signal producticn
circuit 47, and a synthesis circuit 48.

[0208]

The demultiplexing circuit 41 demultiplexes the input
code string into the high band encoded data and the low band
encoded data and supplies the low band encoded data to the
lowband decoding circult 42 and supplies the high band encoded
data tc the high band decoding circuit 45.

[0209]

The low band deccding circult 42 performs decoding of
the low band encoded data from the demultiplexing cirzcuit 41.
The low band decoding circuit 42 supplies a signal of a low

band obtained from the result of the decoding (hereinafter,
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raeferred to as a decoded low band signal} to the sub-band
division circuit 43, the characteristic amount calculation
circuit 44 and the synthesis circuit 48.

[0210]

The sub-band division circuit 43 equally divides a
decoded low kand signal from the low band decoding circuit
42 into a plurality of sub-band signals having a predetermined
bandwidth and supplies the sub-band signal (decoded low band
sub-band signal} toc the characteristic amount calculation
circuit 44 and the decoded high band signal production circuit
47 .

[0Z211]

The characteristic amount calculation circuit 44
calculates one or more characteristic amounts using any one
of aplurality of sub-band signals of decoded low band sub-band
gignals from the sub-band division circuit 43, and a decoded
lowbandsignal froma lowbanddecodingcircuit 42, andsupplies
the calculated characteristic amounts to the decoded highband
gub-band power calculation circuit 446,

10212]

The hicgh band decoding circuit 45 decodes high band
encoded data from the demultiplexing circult 41 and supplies
a cecefficient (hereinafter, referred to as a decoded high band
sub-band power estimation coefficient) for estimating & high
band sub-band power using a pseudce high band sub-band power
difference ID obtained from the result, which is prepared for
each predetermined ID (index), to the decoded high band
sub-band power calculation circuit 46.

[0213]
The decodedhighband sub~-band power calculationcircuit

46 calculates the decoded high band sub-band power based on
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one or more characteristic amounts from the characteristic
amount caliculation circuit 44 and the decoded high band
sub—band power estimation cocefficient from the high band
decoding circuit 45 and supplies the calculated decoded high
band sub~band power to the decocded high band signal production
clrcult 47.

[0214]

The decoded high band signal production circuit 47
produces a decoded high band signal based on a decoded low
band sub-band signal from the sub-band divisicon circult 43
and the decoded high band sub-band power from the decoded high
band subk-band power calculation circuit 46 and supplies the
produced signal and power to the synthesis circuit 48.
[0215]

The synthesis circuit 48 synthesizes a decoded low band
signal from the low band deccding circuit 42 and the decoded
high band signal from the decoded high band signal production
circuit 47 and cutputs the synthesized signals as an output
signal.

[0216]
[Decoding Process of Decoder]

Next, a decoding process using the decocder in Fig. 13
will be described with reference teoc a flowchart in Fig. 14.
[0217)

In step 5131, the demultiplexing circuilt 41
demultiplexes an input code string into the high band encoded
data and the lowbandencodeddata, suppliesthe lowband encoded
data to the low band decoding circuit 42 and supplies the high
band encoded data tc the high band deccding circuit 45.
(02181

In step 5132, the low band decoding circuit 42 decodes
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the low band encoded data from the demultiplexing circuit 41
and supplies the decoded low band signal obtained from the
result Lo the sub-banddivisioncircult 43, the characteristic
amount calculation circuit 44 and the synthesis circuit 48.
(0218}

In step 8133, the sub-band division circuit 43 equaliy
divides the decoded low band signal from the low band deccding
circuit 42 intoc a plurality of sub-band signals having a
predetermined bandwidth and supplies the obtained decoded low
band sub-band signal to the characteristic amcunt calculaticon
circuit 44 and the decoded high band signal production circuit
47 .

[0220]

In step 5134, the characteristic amcunt calculation
circuit 44 calculates one or more characteristic amount from
any one of a plurality of the sub-band signals of the decoded
low band sub-band signals from the sub-band divisicn circuit
43 and the decoded low band signal from the low band decoding
circuit 42 and supplies the signals to the decoded high band
sub-band power calculation circuit 46. In addition, the
characteristic amount calculation circuit 44 in Fig. 13
basically has the same configuration and function as the
characteristic amount calculation circuit 14 in Fig. 3 and
the process in step S124 has the same process in step 54 of
a flowchart in Fig. 4. Therefore, the description thereof
is omitted.

[0221]

In step 3135, the high band decoding circuit 4% decodes
the high band encoded data from the demultiplexing circult
41 and supplies the dececded high band sub-band power estimation

coefficient prepared for each predetermined ID (index} using
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the pseudo high band sub-band power difference ID obtained
from the result to the decoded high band sub~band power
calculation circuit 46.

[0222]

In step $136, the decoded high band sub-band power
calculation circuit 46 calculates the decoded high band
sub-band power based on cne or meore characteristic amount from
the characteristic amount calculation circuit 44 and the
deccded high band sub~band power estimation ceefficient from
the high band deccding circuit 45 and supplies the power to
the decoded high band signal preduction circuit 47. In
additicn, since the decoding high bkand, decoding high bans
sub-band calculation circuit 46 in Fig. 13 has the same
configuration anda function as those of the high band sub-band
power estimation circuit 15 in Fig. 3 and process in step 3136
has the same process in step 35 of a flowchart in Fig. 4, the
detailed description is cmitted.

[0223]

In step 3137, the decoded high band signal preoduction
circuit 47 cutputs adecoded highband signal based on a decoded
low band sub-band signal from the sub-kand division circuit
43 and a decoded high band sub-band power from the decoded
highband sub-bandpower calculationcircuit 46, Inaddition,
since the decoded high band signal production circuit 47 in
Fig. 13 basically has the same configuration and function as
the high band signal production circuit 16 in Fig. 3 and the
process in step 8137 has the same process as step $6 of the
flowchart in ¥Fig. 4, the detailed description thereof is
cmitted.

[0z224]

In step 38138, the synthesis circuit 48 synthesizes a
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decoded low band signal from the low band decoding circuit
42 and a decoded high band signal from the decoded high band
signal preduction circuit 47 and cutputs synthesized signal
as an ocutput signal.

[0225]

According to the process described above, 1t ispossibkble
to improve estimation accuracy of the high band sub-band power
and thus it is possible to reproduce music signals having a
good quality in decoding by using the high band sub~band power
estimation coefficient in decoding in response te the
difference characteristic between the pseudo high band
sub-band power calculated in advance in enceding and an actual
high band sub-band power.

[0226]

Inaddition, according totheprocess, since information
for producing the high band signal included in the code string
has only & pseudo high band sub-bkand power difference ID, it
is possible to effectively perform the deccding processing.
[G227]

As described above, although the encoding process and
deceoding processing according to the present invention are
described, hereinafter, a method of calculates each
representative vector of aplurality of clusters in a specific
space of a predetermined pseudo high band sub-band power
difference in the high band encoding circuit 37 of the enceder
30 in Fig. 11 and a decoded high band sub~band power estimation
coefficient output by the high band decoding circuit 45 of
the decoder 40 in Fig. 13 will be described.

[C228]
[Calculation Method of Calculating Representative Vector of

Aplurality of Clusters in Specific Space of Fseudo High Band
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Sub~-Band Power Difference And Decoding High Bond Sub-Band Power
Estimation Coefficient Corresponding to Each Cluster]

As a way for obtaining the representative vector of a
plurality of clusters and the decoded high band sub-band power
estimation coefficient of each cluster, it is necessary to
prepare thecoefficient scastoestimate thehighband sub~-band
power in a high accuracy in decoding in response to a pseudo
high band sub-band power difference vector calculated in
encceding. Therefore, learning is performed by a broadband
instruction signal in advance and the method of determining
the learning is applied based on the learning result,
[0229]

[Functicnal Configuration Example of Coefficient Learning
Apparatus]

Fig. 15 illustrates a functional configuration example
of a coefficient learning apparatus performing learning of
a representative vector of aplurality of cluster and a decoded
high kand sub-band power estimation coefficient of each
cluster.

{02301

It ispreferable that a signal component of the broadband
instructionsignal input tothe coefficient learningapparatus
50 in Fig. 15 and of a cutoff freguency or less set by a low-pass
filter 31 of the encoder 30 is a decoded low band signal in
which the input signal to the encoder 30 passes through the
low-pass filter 31, that is encoded by the low band encoding
circuit 32 and that is decoded by the low band decoding circuit
42 of the decoder 40.

(02311
A ccefficient learning apparatus 50 includes a low-pass

filter 51, a sub-band division circuit 52, a characteristic
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amount calculation circuit 53, a pseudo high band sub-band
power calculaticncircuit 54, apseudohighband sub-band power
difference calculationcircuit 55, apseudohighband sub-band
power difference clustering circuit 56 and a coefficient
estimaticn circuit 57.

[0232]

In addition, since each of the low-pass filter 51, the
sub-band division circuit 52, the characteristic amount
calculationcircuit53andthepseudchighbandsub—bandpower
calculation circuit 54 in the coefficient learning apparatus
50inFig. 1% basicallyhasthesameconfigurationandfunction
aseachof thelow-pass filter 31, the sub-banddivisioncircuit
33, the characteristic amount calculation circuit 34 and the
paeudo high band sub-band power calculation circulit 35 in the
encoder 30 in Fig. 11, the descripticon thereof is suitably
omitted.

[0233]

In other word, although the pseudo high band sub-band
power difference calculation circuit 55 provides the same
configuration and function as the pseudc high kand sub-band
power difference calculation circuit 36 in Fig. 11, the
calculated pseudo nigh band sub-band power difference is
supplied to the pseudo high band sub~band power difference
clustering circuit 56 and the high band sub-band power
calculatedwhencalculatingthepseudohighband sub-bandpower
difference is supplied to the coefficient estimation circuit
57.

[0234]

The pseudo high kand sub-band power difference

clustering circuit 56 clusters a pseudo high band sub-bkand

power difference wvector obtained from a pseudo high band
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sub-band power difference from the pseudo high band sub-band
pewer difference calculation circuit 55 and calculates the
representative vector at each cluster.

[0235]

The ccoefficient estimation circuit 537 calculates the
high band sub-band power estimation coefficient for each
cluster clustered by the pseudc high band sub-band power
difference clustering circuit 56 based on a high band suk-band
power from the pseudo high band sub-band power difference
calculation circult 55 and one or more characteristic amount
from the characteristic amount calculation circuit 53.
[023¢6]

{Coefficient Learning Process of Coefficient Learning
Apparatus]

Next, a coefficient learning process by the coefficient
learning apparatus 50 in Fig. 15 will be described with
reference to a flowchart in Fig. 16.

[G237]

In addition, the process of step 5151 to S155 of a
flowchart in Fig. 16 1is identical with those of step S111,
5113 to 83116 of a flowchart in Fig. 12 except that signal input
to the coefficient learning apparatus 30 1s a broeoadband
instructicn signal, and thus the description thereof is
omitted.

[0238]

That is, in step 5156, the pseudo high band sub-band
power difference clustering circuit 56 clusters a plurality
of pseudo high band sub-band power difference vectors {a lot
of time frames) obtained froma pseudo high band sub-band power
difference fromthe pseudo highband sub-band power difference

calculation circuit 55 to €4 clusters and calculates the
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representative vector for each cluster. As an example of a
clustering method, for example, clustering by k-means method
canbe applied. Thepseudohighbandsub~-bandpowerdifference
clustering circuit 56 sets a center vector of each cluster
obtained from the result performing clustering by k-means
methed to the representative vector of each cluster. In
addition, a method of the clustering or the number of cluster
is net limited thereto, but may apply other method.

[0239]

In addition, the pseudo high band sub-band power
difference ciustering circult 56 measures distance between
£4 representative vectors and the pseude high band sub-band
power difference vector obtained from the pseudo high band
sub~band power difference from the pseudo high band sub-band
power difference calculation circuit 55 in the time frames
J and determines index CID(J}) of the cluster included in the
representative vector that has is the shortest distance. In
addition, the index CID(J} takes an integer value of 1 to the
number of the clusters (for example, 64). Therefore, the
pseudo high band sub-band power difference clustering circuit
56 cutputs the representative vector and supplies the index
CID{J) to the coefficient estimation circuit 57.

102407

In step 85157, the coefficient estimation circuit 57
calculates a decoded high band sub-band power estimation
cecefficient at sach cluster every set having the same index
CID (J) (included in the same cluster;) in a plurality of
combinations of a number {eb=-sb) of the high band sub-band
power and the characteristic amount supplied to the same time
frames from the pseudo high band sub-band power difference

calculation circuit 55 and the characteristic amount
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calculation circuit 53. A method for calculating the
coefficient by the coefficient estimation circuit 57 is
identicalwiththemethodbythecoefficientestimationcircuit
24of thecoefficient learningapparatus20inFig. 8. Hcwever,
the cother method may be used.

[0241]

According to the processing described above, by using
apredeterminedbroadband instructionsignal, sincealearning
for the each representative vectoer of a plurality of clusters
in the specific space of the pseudo high band sub-band power
difference predetermined in the high band encoding circuit
27 of the encoder 30 in Fig. 11 and a learning for the deccded
high band sub-band power estimation coefficient output by the
high band deccding circuit 45 of the decoder 40 in Fig. 13
isperformed, it ispossible toobtainthedesired output result
with respect to various input signals input to the encoder
30 and various input code string input to the decoder 40 and
it is possible to reproduce a music signal having the high
guality.

[0242]

In addition, with respect to encoding and decoding of
the signal, the coefficient data for calculating the high band
sub-band power in the pseudo high band sub-band power
calculation circuit 35 of encoder 320 and the decoded high band
sub-band power calculation circuit 46 of the decoder 40 can
be processed as follows. That is, it is possible to record
the coefficient in the front position of code string by using
the different coefficient data by the kind of the input signal.
[0243]

For example, it is possible to achieve an encoding

efficiency improvement by changing the coefficient data by
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a signal such as speech and Jjazz.
[0Z244]

Fig. 17 illustrates the code string obtained from the
above method.
[0245]

The code string A in Fig. 17 encodes the speech and an
optimal ceefficientdatacinthe speechisrecordedinaheader.
(02461

In this contrast, since the code string B in Fig. 17
encodes jazz, the optimal ceoefficient data B in the jazz is
recorded in the header,

[0247]

The plurality of coefficient data described above can
beeasily learnedbythe same kind of themusicsignal inadvance
and the encoder 30 may select the coefficient data from genre
information recorded in the header of the input signal. In
additicn, the genre is determined by performing a waveform
analysisof the signal andthecoefficientdatamaybe selected.
That is, a genre analysis method of signal is not limited in
particular.

[0248]

When calculation time allows, the enceder 30 1s egquipped
with the learning apparatus described abcve and thus the
process is performed by using the coefficient dedicated to
the signal and as iliustrated in the code string C in Fig.
17, finally, it is also pessible to record the ccoefficient
in the header.

[0249]

Anadvantageusingthemethodwillbedescribedas follow.
[0250]

A shape of the high band sub-band power includes a
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plurality of similar positions in one input signal. By using
characteristic of a plurality of input signals, and by
performing the learning of the coefficient for estimating of
the high band sub-band power every the input signal, separately,
redundancy due to in the similar position of the high band
sub-btand power is reduced, thereby improving encoding
efficiency. Inaddition, itispossible toperformestimation
of the high band sub-band power with higher accuracy than the
learning of the coefficient for estimating the high band
sub-band power using a plurality of signals statistically.
[C251]

Further, as described above, the coefficient data
learned from the input signal in decoding can take the form
o be inserted once into every several frames,.

[G252]
<3. Third Embodiment>
[Functional Configuration Example of Encoder]

In additicon, although it was described that the pseudo
high band sub-band power difference ID is ocutput from the
encoder 30 te the deccder 40 as the high band encoded dats,
the ceoefficient index for cbtaining the decoded high band
sub~band power estimation coefficient may be set as the high
band encoded data.

[0253]

In this case, the encoder 30, for example, is configured
as itllustrated in Fig. 18. In addition, in Fig. 18, parts
corresponding topartsinFig. 11 has the samenumeral reference
and the description thereof is suitably omitted.

[0254]
The encoder 30 in Fig. 18 is the same expect that the

encoder 30 in Fig. 11 and the low band decoding circuit 38
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are not provided and the remainder i1s the same.
[0255]

In the encoder 30 in Fig. 18, the characteristic amount
calculation circuit 34 calculates the low band sub-band power
as the characteristic amount by using the low band sub-band
signal supplied from the sub-band division circuit 33 and is
supplied to the pseudc high band sub-band power calculation
circuit 35.

[02586]

In addition, in the pseudo high band sub-band power
calculation circult 35, a plurality of decoded high band
sub-band power estimation coefficients cbtained by the
predetermined regression analysis is corresponded to a
coefficient index specifying the decoded high band sub-band
power estimaticon coefficient to be recorded,

[0257]

Specifically, sets of a coefficient A;,(kb) and a
coefficient By for each sub~band used in operation of Equation
{2) described above are prepared in advance as the decoded
highband sub-band power estimation coefficient. Forexample,
the coefficient A (kb)) and the coefficient By, are calculated
by an regression analysis using a least-sguares method by
setting the low band sub-band power tc an explanation variable
and the high band sub-band power to an explained variable in
advance. In the regression analysis, an input signal
including the low band sub-band signal and the high band
sub-band signal is used as the breoadband instruction signal.
[0258]

The pseudo high band sub-band power calculaticn circuit
35 calculates the pseudo high band sub-band power of each

sub~band of the high band side by using the decoded high band
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sub-band power estimation ceefficient and the characterigtic
amount from the characteristic amount calculation circuit 34
for each of a deccded high band sub-band power estimation
coefficient recorded and supplies the sub-band power to the
pseudo highband sub~bandpower difference calculationcircuit
36.

[0259]

The pseudo high band sub-band power difference
calculatiocon circuit 36 compares the high band sub-band povwer
obtained from the high band sub-band signal supplied from the
sub-banddivisioncircuit 33withthe pseudohighband sub-band
power from the pseudo high band sub-band power calculation
circuit 35.

[0260]

In addition, the pseudo high bkand sub-band power
difference calculation circuit 36 supplies the coefficient
index of the decoded high band sub-band power estimation
coefficient, in which the pseudc high band sub-~band power
closed to the highest pseudo high band sub-band power 1s
obtained among the result of the compariscn and a plurality
of decoded high band sub-band power estimation cosfficient
to the high band encoding circuit 37. That is, thecoefficient
index of decoded high band sub~band power estimation
coefficient fromwhich the highband signal of the input signal
to be reproduced in decoding that is the decoded high band
signal closest to a true value is obtained.

[0261]
[Encoding Process of Encoder]

Next, referring to a flow chart in Fig. 19, an encoding
procaessperformingbytheencoder 30 inFig. 18willbedescribed.

Inaddition, processing of step 5181 to step 8183 are identical
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with those of step S111 to S113 in Fig 12, Therefore, the
description therecof is omitted.
(026213

In step 85184, the characteristic amount calculation
circuilt 34 calculates characteristic amount by using the low
band sub-band signal from the sub-band division circuit 33
and supplies the characteristic amount to the pseudo high band
sub-band power calculaticn circuit 35.

[0263] |

Specially, the characteristic amount calculation
circuilt 34 calculates as a characteristic amount, the lowkand
sub-band power power(ib,J) of the frames J (where, 0<J} with
respect to sach sub-band ib (where, sb~3%ibssb) in a low band
side by performing operation of Equation (1} described above.
That is, the low band sub-band power power {ib,J) calculates
by digitizing a square mean value of the sample value of each
sample of the low band sub-band signal constituting the frames
J.

[0264]

In step $185, the pseudo high band sub-band power
calculationcircuit 3bcalculates thepseudohighband sub-band
power based on the characteristic amount supplied from the
characteristic amcunt calculation circuit 34 and supplies the
pseudc highband sub-bandpower to the pseudohighband sub-band
power difference calculation circult 36.

[0265]

For example, the pseudo high band sub-band power
calculationcircuit 3bcalculates thepseudohighband sub-band
DOWEY POWEeYeer (1, J) , which performs above-mentioned Equation
{2) by using the coefficient A, {kb) and the coefficient Bij

recorded as the decoded high band sub-band power coefficient
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in advance and the pseudo high band sub-band power power
est {1b, J} which performs the operation the above-mentioned
Eguation {2} by using the low band sub-band power power (kb, J)
{(where, sb-s<kb<sb).

[0266] _

That is, coefficient A {kb) foreachsub-bandmultiplies
the low band sub-band power power (kb,J) of each sub-band of
the low band sidé supplied as the characteristic amount and
the coefficient B, 18 added to the sum of the low band sub~band
power by which the coefficient ismultiplied and then becomes
the pseudo high band sub-band power poweres:{ib,J). This
pseudo highband sub-band power is calculated for each sub~band
of the high band side in which the index is sb+l to eb
[0267]

In addition, the pseudo high band sub-band power
calculation circuit 35 performs the calculation of the pseudo
high band sub-band power for each deccded high band sub-band
power estimation coefficient recorded in advance. For
example, it i1s assumed that the coefficient index allows 1
to K {(where, 22K} number of decoding high band sub-band
estimation coefficient to be prepared in advance. In this
case, the pseudo high band sub-band power of each sub-band
is calculated for each of the K decoded high band subk-kand
power estimation coefficients.

1026873

In step 5186, the pseudo high band sub-band power
difference calculation circuit 36 calculates the pseudo high
band sub-band power difference based on a high band sub-band
signal from the sub-band division circuit 33, and the pseudo
high band sub-band power from the pseudo high band sub-band

power calculation circuit 35.
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[0265]

Specifically, the pseudo high band sub-band power
difference calculation circuit 36 does not perform the same
operation as the Equation (1) described above and calculates
the high band sub-band power power (ib, J} in the frames J with
regpect tohighband sub-band signal fromthe sub~-banddivision
circuit 33. In addition, in the embodiment, the whole of the
sub-band of the low band sub~band signal and the high band
sub-band signal is distinguished by using index ib.

102707

Next, the pseudo high band sub-kand power difference
calculation circuit 36 performs the same operation as the
Equation (14) described above and calculates the difference
between the high band sub-band power power (ib, J}in the frames
J and the pseudo high band sub-band power powerest (ik,J}. In
this case, the pseudo high band sub-band power difference
powerg:ss{ib, J) is obtained for each decoded high kband sub-band
power estimation coefficient with respect to each sub-band
of the high band side which index is sb+l to eb.

[0271]

In step 5187, the pseudo high band sub-band power
difference calculation circuit 36 calculates the following
Eguation (15) for each decoded high band sub-band power
estimation coefficient and calculates a sum of squares of the
pseudoe high band sub-band power difference.

02727
[Equation 15]

eb
EQJ, id) = ¥ [powerge(ib, J, id)}? .. (15)

fb=sh-1

[0273]
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In addition, in Eguation (153), the sguare sum for a
difference £ (J, id)is obtained with respect to the decoded
high band sub-band power estimation coefficient in which the
coefficient index i1s id and the frames J. In addition, in
Equation {15}, powergiss (ib, J,1id) is obtained with respect to
the decoded high band sub-band power estimation coefficient
inwhich the coafficient index is id decoded high band sub~-band
power and shows the pseudo high band sub-band power difference
(powergise{ib,J}) of the pseudc high band sub-band power
difference powergiss (ib,J) of the frames J of the sub-band which
the index is ib. The square sum of a difference E(J, id} is
calculated with respect to the number of K cof each decoded
high band sub-band power estimatiocn coefficient.

(0274}

The square sum for a difference E{J, 1d) obtained above
shows a similar degree of the high band sub-band power.
calculated from the actual high band signal and the pseudo
high band sub-band power calculated using the decoded high
band sub-band power estimation coefficient, which the
coefficient index is id.

[6275]

That 1s, the erxror of the estimation value is shown with
respect to the true value cof the high band sub-band power.
Therefore, the smaller the sguare sum for the difference E(J,
id},; the more the decocded high band signal closed by the actual
high band signal is obtained by the operation using the decoded
high band sub-band power estimation coefficient. That is,
the decoded high band sub-kand power estimation coefficient
in which the sguare sum for the difference E{(J, id) is minimumn
is an estimation coefficient most suitable for the frequency

band expansion process performed in decoding the output code
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string.
[0z7¢]

The pseudo high band sub-band power difference
caleulation circuit 36 selects the square sum for difference
having a minimum value ameng the K square sums for difference
E{J, id) and supplies theccefficient index showing the decoded
highband sub-band power estimation coefficient corresponding
to the square sum for difference to the high band encoding
circuit 37.

[0277]

In step §188, the high band enceoding circuit 37 encodes
the coefficient index supplied from the pseudo high band
sub-band power difference calculation circuit 36 and supplies
obtained high band encoded data to the multiplexing circuit
38.

[06278]

For example, step S188, an entropy encoding and the 1ike
isperformedwith respect tothecoefficient index. Therefore,
information amount of the high band encoded data output to
the decoder 40 can be compressed. 1In addition, if high band
ancoded data is information that an optimal decoded high band
sub-band power estimation coefficient is cbtailned, any
information is preferable; for example, the index may be the
high band encoded data as it is.

[0279]

In step $189, the multiplexing circuit 38 multiplexes
the low band enccded data supplied from the low band encoding
circuit 32 and the high band encoded data supplied from the
highkbandencodingcircult 37 andcoutputs the output cede string
and the encoeding process is completed.

(02801
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As described above, the decoded high band sub-band power
estimation coefficient mostly suitable to process can be
obtained by outputting the high band encoded data cbtained
by enceding the coefficient index as the output code string
in decoder 40 receiving an input of the output code string,
together with the low frequency encoded data. Therefore, it
is possible to cbtain signal having higher guality.

[0281]
[Functicnal Configuration Example of Decoder]

In addition, the output code string output from the
encoder 30 in Fig. 18 is input as the input code string and
for example, the decoder 40 for decoding is configuration
illustrated in Fig. 20, In addition, in Fig. 20, the parts
corresponding to the case Fig. 13 use the same symbol and the
description is omitted.

(0282}

The deccder 40 in Fig. 20 is identical with the deccder
40 in Fig. 13 in that the demultiplexing circuit 41 to the
synthesis circult 48 is configured, but is different from the
decoder 40 in Fig. 13 in that the decoded low band signal from
the low band decoding circuit 42 is supplied toc the
characteristic amount calculaticon circuit 44.

[0283]

In the decoder 40 in Fig. 20, the high band decoding
circuit 45 records the decoded high band sub-band power
estimation coefficient identical with the decoded high band
sub-pband power estimation coefficient inwhich the pseudohigh
band sub-band power calculation circuit 35 in Fig. 18 is
recorded in advance. That is, the set of the coefficilient
Asp (kb)) and coefficient Biy as the deccded hich band sub~band

power estimation coefficient by the regression analysis is
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recorded to correspond to the coefficient index.
[0284]

The high band decoding circuit 45 decodes the high band
encoded data supplied from the demultiplexing circuit 41 and
supplies the decoded high band sub-band power estimation
coefficient indicated by the coefficient index obtained from
the result to the decodad high band sub-band power calculation
circult 46.

10285)
[Decoding Process of Decoder]

Next, the decocding process performs by decoder 40 in
Fig. 20 will be described with reference to a flowchart in
Fig. Z1.

[0286]

The decoding process starts 1f the cutput code string
output from the encoder 30 is provided as the input code string
to the decoder 40. 1In addition, since the processes cf step
5211 to step 2213 1s identical with those of step 5131 to step
3133 in Fig. 14, the description is omitted.

[G287]

In step $214, the characteristic amount calculation
circuit 44 calculates the characteristic amount by using the
deceded low band sub-band signal from the sub-band divisicn
circult 43 and supplies it decoded high band sub-band power
calculationcircuit 46. Indetail, the characteristicamount
calculation circuilt 44 calculates the characteristic amount
of the low band sub~band power power (ib, J) of the frames J(but,
0£3} by performing operation cof the Eguation (1) described
above with respect to the each sub-band ib of the low pand
side.

[0288]
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Instep 8215, the high band decoding circult 45 performs
decoding of the high band encoded data supplied from the
demultiplexing circuit 41 and supplies the decoded high band
sub-band power estimation coefficient indicated by the
coefficient index obtained from the result to the decoded high
band sub-band power calculation circuit 46. That is, the
decoded high band sub-band power estimation coefficient is
output, which 1s indicated by the coefficient index obtained
by the decoding in a plurality of decoded high band sub-band
powerestimaticncoefficient recordedtothehighbanddecoding
circuit 45 in advance.

[0289]

In step 3216, the decoded high band sub-band power
calculation circult 46 calculates the decoded high band
sub-band power based on the characteristic amount supplied
from the characteristic amount calculation circuit 44 and the
decoded high band sub-band power estimation coefficient
supplied from the high band deceding circuit 45 and supplies
it to the decoded high band signal production circuit 47.
[0290]

That, the decoded high band sub-band power calculation
circult 46 performs operation the Equation (2} described above
using the coefficient Ajy(kb)as the decoded high band sub-band
power estimation coefficient and the low band sub~band power
power (kb, J) and the coefficient By, {(where, sb-3gkbisb)as
characteristic amcunt and calculates the deccded high bang
sub-band power. Therefore, the decoded high band sub-band
power 13 obtained with respect to each sub-band of the high
band side, which the index is sb+l to eb.

[0261]
In step 8217, the decoded high band signal production
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clrcuit 47 produces the decoded high band signal based on the
decoded low band sub-band signal supplied from the sub-band
division circuit 43 and the deceded high band sub-band power
supplied from the decoded high band sub-band power calculation
circuilt 46,

[0292]

In detail, the decoded high band signal production
circuit 47 performs operation of the above-mentioned Equation
{1) using the decoded low band sub-band signal and calculates
the low band sub-band power with respect to each sub-band of
the low band side. 1In addition, the decoded high band signal
production circuit 47 calculates the gain amount G{ib, J} for
each sub-band of the high band side by performing operation
of the Equation (3) described above using the low band sub-band
power and the decoded high band sub-kand power obtained.
102931

Further, thedecodedhighband signal productioncircuit
47 produces the high band sub-band signal x3{(ib, n} by
performing the operationof the Equations (5) and (6)described
above using the gain amount G{ib, J) and the decoded low band
sub-band gignal with respect to each sub-band of the high band
side.

(02947

That is, the decoded highband signal productioncircuit
47 performs an amplitude modulation of the decoded high band
sub-band signal x(ib, n) in response to the ratio of the low
band sub-band power to the decoded high band sub-band power
and thus performs fregquency-medulation the decoded low band
sub-band signal (x2(ib, n)obtained. Therefore, the signal
of the freguency compconent of the sub-band of the low band

gside is converted to signal of the fregquency component of the
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sub—bandofthehighbandsideandthehighbandsub—bandsignal
x3{ib, n) is obtained.
[0295]

As described above, the processes for cbtaining the high
band sub-band signal of each sub-band is a process described
blow in more detail.

[0296]

The four sub~bands being a line in the frequency area
is referred toe as the band block and the frequency band is
divided so that one band block (hereinafter, referred to as
a low band block) is configured from four sub-pands in which
the index existed in the low side 1s sb to sb~3., In this case,
for example, the band incliuding the sub~band in which the index
of the high band side includes sb+l to sb+4 is one band block.
Inaddition, thehighband side, that is, abandblock including
sub-band in which the index is sb+1 or more is particularly
referred to as the high band block.

[0297]

In addition, attenticon is paid to one sub-band
constituting the high band block and the high band sub-band
gsignal of the sub-band {hereinafter, referred to as attention
sub-band) i1s produced. First, the decoded high band signal
production circuit 47 specifies the sub-band of the low band
block that has the same position relation to the position of
the attention sub-band in the high band block.

[0298]

For example, 1f the index of the attention sub-band is
sb+1, the sub-bandof the lowbandblockhaving the sameposition
relation with the attention sub-~band is set as the sub~band
that the index is sb-3 since the attention sub-band is a band

that the frequency is the lowest in the high band blocks.
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i0299]

As described above, the sub-kand, if the sub-band of
the low band block sub-band having the same position
relationship of the attention sub-band is specific, the low
band sub-band power and the deccded low band sub-band signal
and the deccded high band sub-band power is used and the high
band subk-band signal of the attention sub- band is produced.
[03G0]

That is, the deccded high band sub-band power and the
low band sub-band power are substituted for Eguation {3), so
that the gain amcunt according to the rate of the power thereof
is calculated. In addition, the calculated gain amcunt is
multipliedby the decoded lowband sub~bandsignal, the decoded
low band sub~band signal multiplied by the gain amount is set
a2 the frequency medulation by the operaticn of the Equation
(6) tobe set as the high band sub~band signal of the attention
sub-band.

[0301]

In the processes, the high band sub-band signal of the
each sub-band of the high band side is cbtained. In addition,
the decoded high band signal prcduction circuit 47 performs
the Equation (7) described above to cbtain sum cf the each
high band sub-band signal and to produce the decoded high band
signal. The decocded high band signal production circuit 47
supplies the cbtaineddecodedhighbandsignal to the synthesis
circult 48 and the process precedes from step S217 to the step
§218 and then the decoding process 1ls terminated,

[0302]

In step 8218, the synthesis circuit 48 synthesizes the

decoded low band signal from the low band deccding circuit

42 and the decoded high band signal from the deccded high band
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signal production circuit 47 and outputs as the ocutput signal.
[0303]

As described above, since decoder 40 obtained the
coefficient index from the high kand encoded data cobtained
fromthe demultiplexing of the input code stringandcalculates
the decoded high band sub-band power by the decoded high band
sub-band power estimation coefficient indicated by using the

decoded high band sub-~band power estimation coefficient

" indicated by the coefficient index, it is possible to improve

the estimation accuracy of the high band sub-band power.
Therefore, it is possible to produce the music signal having
high gquality.

[0304]

<4. Fourth Embodiment>

[Encoding Processes of Encoder]

First, in as described above, the case that only the
coefficient index is included in the high band encoded data
isdescribed. However, the cther informationmay be included.
{0305]

Tor exampla, if the coefficient index 1s inciuded in
the high band encoded data, the decoding high band sub-band
power estimation coefficient that the decoded high band
sub-band power cleosest to the high band sub-kband power of the
actual high band signal is notified of the deccder 40 side.
(03081

Therefore, the actual high band sub-band power (true
value} and the decoded high band sub-band power {(estimation
value) obtained from the decoder 40 produces difference
substantially egual to the pseudoc high band sub-band power
difference powerge:s{ib,J)calculated from the pseudo highband

sub-band power difference calculation circuit 36.
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[0307]

Herein, if the coefficient index and the pseude high
band sub-band power difference of the sub-band is included
in the high kand encoded data, the error of the decoded high
band sub-band power regarding the actual high band sub-band
power 1s approximately known in the decoder 40 side. If so,
it is possible to lmprove the estimation accuracy of the high
band sub-band power using the difference.

103081

The encoding precess and the deceding process in a case
where the pseudce high band sub-band power difference is
included in the high band encoded data will be described with
reference with a flow chart of Figs. 22 and 23.

[0309]

First, the encoding process performed by encoder 30 in
Fig. 18 will be described with reference to the flowchart in
Fig. 22. Inaddition, the processes of step S241 to step $24¢6
is identical with those of step $181 to step §186 in Fig. 19.
Therefore, the description thereof is omitted.

[0310] _

In step 5247, the pseudo high band sub-band power
difference calculation circuit 36 performs operation of the
Eguation (195) described above to calculate sum E (J, id) of
sguares for difference for each deccoded high band sub-band
power estimation ceoefficient.

[0311]

In addition, the pseudo high band sub-band power
difference calculation circult 36 selects sum of squares for
difference where the sum of sguares for difference is set as
a minimum in the sum of sguares for difference among sum E(J,

id) of squares for difference and supplies the coefficient
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index indicating the decoded high band sub-band power
estimatiocn coefficient corresponding to the sum of square for
difference te the high band encoding circuit 37.

(43121

In addition, the pseudo high band sub-band power
difference calculation circuit 36 supplies the pseudo high
band sub-band power difference powerge:(ib,J) of the each
sub-band cobtained with respect to the decoded high band
sub~band power estimatiocn coefficient corresponding to
selected sum of squares of residual errcr tc the high band
encoding circuit 37.

{03131

In step 5248, the hicgh band encoding circuit 37 encodes
the ceefficient index and the pseudo high band sub-band power
difference supplied from the pseudo high band sub-band power
difference calculation circuit 36 and supplies the high band
encoded data cobtained from the result to the multiplexing
circuit 38.

[0314]

Therefore, the pseudoc high band sub-band power
difference of the each zub-band power ¢f the high band side
where the index is sb+l toeb, thatis, theestinmationdifference
of the high band sub-band power is supplied as the high band
encoded data to the deccder 40.

[0315]

If the high band encoded data is obtained, after this,
ancoding process of step 5249 is performed to terminate
ancoding process. However, the process of step S249 is
identical with theprocess of step 318%inFig. 19. Therefore,
the description is omitted.

(0316}
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Ag described above, if the pseudo high band sub-band
power difference is included in the high band enccoded data,
it is possible Lo improve estimation accuracy of the high band
sub-band power and to cbtain music signal having good quality
in the decocder 40.

[0317]
[Decoding Processing of Decoder)

Next, a decoding process performed by the decoder 40
in Fig. 20 will be described with reference to a flowchart
in Fig. 2Z3. In addition, the process of step 5271 to step
S274 is identical with those of step $211 to step 3214 in Fig.
21. Therefore, the description thereof is omitted.

[0318]

In step S275, the high band decoding circult 45 performs
the deccding of the high band encoded data supplied from the
demuitiplexing circult 41. In addition, the high band
decoding circult 45 supplies the decoded high band sub-band
poewer estimation coefficient indicated by the coefficient
index obtainedby thedecoding and the pseudohighband sub~-band
power difference of each sub-band obtained by the decoding
to the decoded high band sub-band power calculation circuit
46,

[0319]

In & step 5276, the decoded high band sub-band power
calculation circuit 46 calculates the decoded high band
sub-band power based con the characteristic amcunt supplied
from the characteristic amount calculation circuit 44 and the
decoded high band sub~band power estimation coefficient 216
supplied from the high band decoding circuit 45. Inaddition,
step 85276 has the same process as step 8216 in Fig. 21.
[0320]
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In step S277, the decoded high band sub-band power
calculationcircult 46 adds the pseudo high band sub-band power
difference supplied from the high band decoding circuit 45
to the decoded high band sub-band power and supplies the added
result as an ultimate decoded high band sub-band power to
decoded high band signal production circuit 47.

That is, the pseudo high band sub-band power difference
of the same sub-band is added to the decoding high band sub-band
rower ¢f the each calculated sub-band.

(03211

In addition, after that, precesses of step 5278 and step
$27% is performed and the decoding process is terminated.
Eowever, thelr processes are identical with step 5217 and step
8218 in Fig. 21. Therefore, the description will be omitted,
(03221

By doing the above, thedecoder 40 oktains thecoefficient
index and the pseudce high band sub-band power from the high
band encoded data obtained by the demultiplexing of the input
code string. In addition, decoder 40 calculates the decode
high band sub-band power using the decoded high band sub-band
power estimation ceoefficient indicated by the ccefficient
index and the pseudo high band sub-band power difference.
Therefore, 1t is possible to improve accuracy of the high band
sub-band power and to reproduce music signal having high scund
guality.

[0323]

In addition, the difference of the estimation value of
the high band sub-band power producing between encaoder 30 and
decoder 40, that is, the difference {(hereinafter, referred
te as an difference estimation between device) between the

pseudo high band sub~band power and decoded high band sub-band
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power may be considered.
(0324}

In this case, for example, the pseudo high band sub-band
power difference serving as the high band encoded data is
corrected by the difference estimation between devices and
the estimation difference between devices is included in the
high band encoded data, the pseudo high band sub~band power
difference is corrected by the estimation difference between
apparatus in decoder 40 side. In addition, the estimation
difference between apparatus may be reccrded in deccder 40
side in advance and the decoder 40 maymake correctionbyadding
the estimation difference between devices to the pseudo high
band sub-band power difference. Therefore, it is possible
tc obtain the decoded high band signal closed to the actual
high band signal.

[0325]
<5. Fifth Embodiment>

Inaddition, in the encoder 30 in Fig. 18, it is described
that thepseudohighband sub-bandpowerdifferencecalculation
circuit 36 selects the coptimal index from a plurality of
coefficient indices using the sguare sum E(J,id) of for a
difference. However, the circuilt may select the coefficient
index using the index different from the sqguare sum for a
difference.

[0326]

For example, as an index gelecting a coefficient index,
mean square value, maximum value and an average value cf a
residual error of the high band sub-band power and the pseudo
highbkand sub-band powermay be used. Inthiscase, the encoder
30 in Fig. 18 perfocrms encoding process illustrated in a

flowchart in Fig. Z24.
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[0327]

An encoding process using the encoder 30 will described
with reference to a flowchart in Fig. 24. In addition,
processes of step S301 to step S305 are identical with those
of step 5181 to step 5185 in Fig. 19. Therefore, the
description will be omitted. If the processss of step S301
tostep 3305 areperformed, the pseudohighband sub-band powar
of each sub-band is calculated for each K number of decoded
high band sub-band power estimaticn cecefficient.

[0328]

In step 8306, the pseudo high band sub~band power
difference calculation circuit 36 calculates an estimation
value Res(id,J) using a current frame J to be processed for
each K number of decoded high band sub-~band power estimaticn
coefficient.

[0329]

Indetail, thepseudohighbandsub~bandpower difference
calculationcircuit 36 calculates the highband sub-band power
power (ib, J) in frames J by performing the same operation as
the Equation (1) described above using the high band sub~band
signal ¢f each sub-band supplied from the sub-band divisiocon
circult 33. In addition, in an embodiment of the present
invention, it is possible to discriminate all of the sub-band
of the low band sub-band signal and the high band sub-band
using index ib.

[0330]

If the high band sub~band power power (ib, J) is obtained,
the pseudc high band sub-band power difference calculation
circult 36 calculates the following Eguation (16} and
calculates the residual squaremean squarevalueResscq (1d,J) .

[0331]
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[Egquation 16]

b ‘
Resstq (id, J) = ez {power (ib, J) —poweres: (ib, id, J)}?

ib=sb+1 .. (?6)

[0332]

That is, the difference between the high band sub-band
power poweri{ib,J) and the pseudo high band sub-band power
DOWeres+t (1b,1d,J} is obtained with respect to each sub-band
on the high band side where the index sb+l to eb and square
sum for the difference becomes the residual sguare mean value
Ressrg (id, J}. In addition, the pseudo high band sub-band
POWEY POWEYies: (ibh,1d,J) indicates the pseudo high band
sub-kand power of the frames J of the sub~band where the index
is i1b, which is obtained with respect to the decoded high band
sub-band power estimation coefficient where index is ib.
[0333]

Continuously, the pseudo high band sub-kand power
difference calculation circuit 36 calculates the following
Equation (17) and calculates the residual maximum value
Resmax (id, J} .

[0334]

[Equation 17]

Respax (id, J) =max;,; [ |[power (ib, J) —poweres: (ib, id, J) |}
- = = (17

[0335]

In addition, in an Egquation ({17),
max;y { ipower (ib, J) -poweres¢ {(ib,id, J) |} indicates a maximum
value among absolute value ¢of the difference between the high
band sub-band power power (ib,J} of each sub-band where the

index is sb+l to eb and the pseudc high band sub-band power
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poweree+ (ib,1d,J). Therefore, amaximumvalueof theabsolute
value of the difference between the high band sub-band power
power {ib,J) in the frames J and the pseudo high band sub-band
poWer poweIes:t (ib,id,J} 1s set as the residual difference
maximum value Respa, (1d,Jd).

[0336]

In addition, the pseudo high band sub-band power
difference calculation circuit 36 calculates the following
Eguation {(18) and calculates the residual average value
ReSzve (1d,J) .

[0337]
[Equation 18]

eb
Resave (id, J) =] N Zb 1{power<ib, J) —powerest (ib, id, )}
th==gh+
/ (eb—sb) | < - - (18)
10338)

That is, for each sub~band on the high band side in which
the index is sb+1l to eb, the difference between the high band
sub-band power power (ib,J) of the frames J and the pseuds high
band sub=~band power poweres: {ib,1d,J) is obtained and the sum
of thedifference iscobtained. Inaddition, theabsolutevalue
of & value obtained by dividing the sum of the obtained
difference by the number cf the sub-bands {(eb - sb} of the
highbandsideissetastheresidual averagevalue ReSaye (1d,J) .
The residual average value Resgw.{id,J) indicates a size of
the average value of the estimation error of each sub-band
that a symbol is considered,

[033%]
in addition, if the residual square mean Resg;:q4 (id,J),

the residual difference maximum value Resp., (id, J), and the
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residual average value Res,v. (1d, J) are cbtained, the pseudo
nigh band sub-band power difference calculation circuit 36
calculates the feollowing Eguation (19) and calculates an
ultimate estimation value Res(id,J).

[0340]

[Equation 19]

RBS (i d, J) =ReSstd( 3 d, J) +Wmax X Re$max ( 3 d, J) +W3\(e X ReSaVe ( I d, LE)
< - = (19)

[0341]

That is, the residual square average value Resg«q (1d, ),
the residual maximum value Resy.. (1id,J) and the residual
average value Res,¢. (1d,J) are added with weight and set as
an ultimate estimation value Res{(id,J). In addition, in the
Equation (19), Wrax and Wive 15 a predetermined weight and
for example, Wpax=0.5, Wave=0.5.

[0342]

The pseudo high band sub~-band power difference
calculation circuit 36 performs the above process and
calculates the estimation value Res(id,J) for each of the K
numbers of the decoded high band sub~band power estimation
coefficient, that is, the K number of the coefficient index
id.

[0343]

In step 8307, the pseudo high band sub-band power
difference calculation circuit 36 selects the coefficient
index id based on the estimation wvalue Res for each of the
cbtained {id,J) ceefficient index id.

[0344]

TheestimationvalueRes (id,J} chtained fromthe process

described above shows a similarity degree between the high
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band sub~band power calculated from the actual highband signal
and the pseudc high kand sub~band power calculated using the
decoded high band sub-band power estimation coefficient which
is the coefficient index id. That is, asize of the estimation
error of the high band compconent is indicated.

[03245]

Accordingly, as the evaluation Res(id,J}) become low,
the decoded high band signal closer to the actual high band
signal is cbtained by an operation using the decoded high band
sub-bandpowerestimationcoefficient. Therefore, thepseudo
high band sub-band power difference calculation circuit 36
selects the estimation value which 1s set as a minimum value
among the X numbers of the estimation value Res(id,J) and
supplies the coefficient index indicating the decoded high
band sub-band power estimation coefficient corresponding to
the estimation wvalue to the high band encoding circuit 37,
[0348]

If the coefficient index is output to the high band
encoding circuit 37, after that, the processes of step 3308
and step 33092 areperformed, theencodingprocess is terminated.
However, since the processes are identical with step 8188 in
Fig., 19and step 8189, the description therecfwill be cmitted,
[0347]

As described above, in the encoder 30, the estimation
valueRes (id, J) calculatedbyusing theresidual squareaverage
value ResSgeg (1d,J), the residual maximum value Respay (14, J}
and the residual average value ResS.y. (1d,J) is used, and the
coefficient index of the an cptimal decoded high band sub-band
power estimation coefficient is selected.

[0348]

If the estimation value Res(id,J) is used, since an
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estimation accuracy of the high band sub-band power is able
to be evaluated using the mcre estimation standard compared
with the case using the sguare sums for difference, it is
possible to select more sultable decoded high band sub-band
power estimation ccocefficient. Therefore, when using, the
decoder 40 receiving the input of the output code string, 1t
is possible to obtain the deceoded high band sub-band power
estimation coefficient, which is mostly suitable to the
frequencybandexpansionprocessandsignal havinghigher sound
guality.

[0349]

<Modification Example 1>

In addition, if the encoding process described above
is performed for each frame of the input signal, There may
be a case where the coefficient index different in each
consecutive frame is selected in a stationary region that the
time variation of the high band sub-band power of each sub-band
of the high band side of the input signal is small.

[0350]

That is, since the high band sub-band power of each frame
has almostidentical values inconsecutive frames constituting
the standard region of the input signal, the same coefficient
index shouldbe continuously selectedintheir frame. However,
the coefficient index selected for each frame in a section
of the consecutive frames 1s changed and thus the high band
component of the volce reproduced in the decoder 40 side may
be no long stationary. If sc, incongrulty ln auditory occurs
in the reproduced sound.

(03513
Accordingly, if the coefficient index is selected in

theencoder 30, theestimationresult of thehighband component
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in the previcus frame in time may be considered. In this case,
enceder 30 in Fig. 18 performs the encodingprocess illustrated
in the flowchart in Fig. 25.

[g352]

As described below, an encoding process by the encoder
30 will be described with reference to the flowchart in Fig.
25. In additicn, the processes of step S331 to step 5336 are
identical with those of step 3301 to step 85306 in Fig. 24,
Therefore, the description thereof will be omitted.

[0353]

The pseudo high band sub-band power difference
calculation circuit 36 calculates the estimation value
ResP(id,J) using a past frame and a current frame in step 3337.
[0354]

Specifically, the pseude high kand sub-band power
difference calculationcircuit 36 records the pseude high band
sub-band power of sach sub-band obtained by the decoded high
band sub~-band power estimation coefficient of the coefficient
index selected finally with respect to frames J-1 earlier than
frame J to be processed by one in time. Herein, the finally
selected coefficient index 1s referred to as a ceoefficient
index cutput to the decoder 40 by encoding using the high band
encoding circuit 37.

[0355]

As describedbelow, inparticular, thecoefficient index
id selected in frame (J-1) is set to as idselectes(d—-1}. 1In
addition, the pseudo high band sub-band power of the sub-band
that the index ocbtained by using the decoded high band sub-band

power estimation coefficient of the coefficient index

" 1dseiecteald-1} 1s 1b (where, sb+l<ib<eb) is continucusly

explained as poweregst (i, idselectes (J-1},T-1).
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[0356]

The pseudco high kand sub-band power difference
calculation circuit 36 calculates firstly following Equation
(20} and then the estimation residual square mean value
ResPgiq (1d, T} .

[0357]
[Equation 20]

h
ResPgq (id, J) = aZ {poweres: (ib. P dselected (W—1), d—T1)
ib=sh+1

~poweres {ib, id, J)}? . - (20)

[0358]

That is, the difference between the pseudo high band
sub-band power poweres: {ib, idseiectea(T~1},T-1) of the frame
J~1 and the pseudo highband sub-band power ~ poweres: {1k, 1id, J)
of the frame J is obtained with respect to each sub-band of
Lhe high band side where the index is sb+1 toeb. Inaddition,
the sguare sum for difference thereof is set as estimation
errcr difference sguare average value ResPgiq (id,J). In
additiocn, the pseudeo high band sub-band power
- (powerest (ib,1id, J) shows the pseudo high band sub-band power
of the frames (J) of the sub-band which the index is ib which
is obtained with respect to the decoded high band sub-~band
power estimation coefficient where the coefficient index is
id.

[0359]

Since this estimation residual sguare value
ResP.: g4 {id, J} is the of square sum for the difference of pseudo
high band sub-band power betwsen frames that is continuous
in time, the smaller the estimation residual sguare mean

ResPs+q (1d,J) is, the smaller the time wvariation of the
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estimation value of the high band component is.
[0360]

Continuously, the pseudo high band sub-band power
difference calculation circuit 36 calculates the following
FEguation (21) and calculates the estimation residual maximum
value ResPhpa.x (1d,J).

[0361]
[Eguaticn 21]

ResPrax (id, J) =maxip [ | powerest (b, i dssiocted (J—1), J—1)

~powerest (ib, id, D]} - - - (21

[0362]

In addition, in the Eguation (21},
maxip { |powerese (10, idselectea(I~1), J-1) ~powere s« {ib,1d,J) |}
indicates themaximum absolute value of the difference between
the pseudo high kand sub-band power
PoOWeTrest (ib,1dsetectea {T-1),T-1} of each sub-band in which the
index is sb+l tc eb and the pseudo high kand sub-band power
DOWETr.st (1ib,1id,J) . Therefore, the maximum valus of the
absolute value of the difference between frames which is
continucous in time 1s set as the estimation residual error
difference maximum value ResPy.x ((id,J}).

[0363]

The smaller the estimation residual error maximum value
ResPpax (1d,J) is, the cleoser estimation result cof the high
band component between the consecutive frames is closed.
[0364]

If the estimatiocn residual maximum value ResPya. (1d, J)
is obtained, next, the pseudo high band sub-band power

difference calculation circuit 36 calculates the following
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Equation (22) and calculates the estimation residual average
value ResP.ve (id,J.

[0365]

[Eguation 22]

eh
ResPaye (id, J) =] 2. {poweres: (ib, idselected (W1}, d—1)
ib==sh+1
—powerest (b, id, J)} |/ (eb—sb)]| - - - (22)

[0366]

That is, the difference between the pseudo high band
sub-band power poweres: (ib, idseiectea{d—1),J-1) of the frame
{(J-1) andthepseudohighband sub-bandpewer poweres: (ib,id, J)
of the frame J is obtained with respect to sach sub-band of
the high band side when the index is sb+1 to eb. In addition,
the absolute value of the value obtained by dividing the sum
of thedifferenceof each sub-bandby the number of the sub-bands
(eb~ sb) of the highband side is set as the estimation residual
averageResP.v. (id,J). Theestimationresidual erroraverage
value ResP,ye (1d, J)shows the size of the average value of the
difference of the estimation value of the sub-band between
the frames where the symbol is considered.

[0367]

Inaddition, if theestimationresidual sgquaremeanvalue
ResPseqg {id,T), the estimation residual error maximum value
ResPpa.x (1d, J) and the estimaticn residual average wvalue
ResPave (id, J) areobtained, thepseudohighband sub-bandpower
difference calculation circuit 36 calculates the following
Equation (23) and calculates the average value ResP(id, J).

[0368]
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[Equation 23]

ResP (id, J) =ResPgq (id, J) +Woax X ResPrax (id, J)

+Wave X ResPaye (id, J) < .- (23)

[0369]
That is, the estimation residual sqguare value

5 ResPgeq (id,J), the estimation residual error maximum value
ResPrax (1d,J} and the estimation residual average value
ResP.ve (1d,J} are added with weight and set as the estimation
value ResP(id,J}. In additicn, in Equation (23}, Wpax and
Wave @are a predetermined weight, for example,

10 Wapax=0.5, Wave=0.5.

[G370]

Therefore, i1f the evaluation value RegP (id, J} using the
past frame and the current value is calculated, the process
proceeds frem the step S337 to 8338.

15 [0371]

In step 5338, the pseudo high band sub-band power
differencecalculaticoncircuit3écalculates theEquation (24)
and calculates the ultimate estimation value Res.;;did,J).
[0372]

20 [Equation 24]

Resa i (id, J) =Res (id, J) +W,(J) XResP (id, &} - - - (24)

[0373]
That is, the obtained estimation value Res{id,J) and
the estimation value ResP(id,J) are added with weight. In
25 addition, in the Equation (24), W, (J), for example, i3 a weight
defined by the following Eguation (25).
[0374]
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[Equation 25]

W, (J) =+
L it (otherwise) = (29)
[0375]

In additicn, powery (J} in the Equation {(25) 1s a value
5 defined by the following Equation {26}.
[0376]

[Eguation 26]

eb
power, (J) = Y {power (ib, J) —power (ib, J—1}? |/ (eb—sh)
ib=gh-+1
- - (26)
103771
10 This power,. (J) shows the average of the difference

between the highband sub-band powers of frames (J~1)and frames
J. Inaddition, accordingtotheEgquation (25), whenpower, (J)
iz a value of the predetermined range in the vicinity of 0,
the smaller the power: (J}, W, (J} is closer tc 1 and when
15  power, (J) is larger than a predetermined range value, it is
set as 0.
(03787
Herein, when power, {J) is a value of a predetermined
range in the vicinity of 0, the average of the difference of
20 the high band sub-band power between the consecutive frames
becomes small to a degree. That is, the time variation of
the high band compcnent of the input signal is small and the
current frames of the input signal become steady region.

(03797
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As the high band component of the input signal is steady,
the weight W, (J} becomes a value is close to 1, whereas as
the highband component is not steady, the weight (W, (J) becomes
a vaiue close to 0. Therefore, in the estimation value
Resg;(id,J) shown in Equation {24}, as the time variety of
the high band component of the input signal becomes small,
the coefficient of determination of the estimation value ResP
(id, J) considering the comparison result and the estimation
result of the high band component. as the evaluation standards
in the previous frames become larger.

[0380]

Therefore, in a steady region of the input signal, the
decoded high band sub-band power estimation coefficient
obtained in the vicinity of the estimation result of the high
band component inprevious frames is selected and in the decoder
40 side, it is possible to more naturally reproduce the sound
having high quality. Whereas in a non-steady region cf the
input signal, a term of estimation value ResP{id,J) in the
estimation value Res,;{id,J} is set as 0 and the decoded high
band signal closed to the actual high band signal is cbtained.
[0381] '

The pseudo high band sub-band power difference
calculation circuilt 36 calculates the estimation value
Resg1(id,J) for each of the K number of the decoded high band
sub-band power evaluation cozfficient by performing the
above-mentioned processes,

[0382]

P

n step 3533%, the pseudo high band sub-band power
difference calculation circult 36 selects the coefficient
index id based on the estimation value Res.;1(id, J) for each

obtained deccded high band sub-band power estimation

105



10

15

20

25

30

SP248477TWO03

coefficient.
[0383]

The estimation wvalue Res.; (id,J) obtained from the
process describedabove linearlycombines theestimationvalue
Res (id,J) and the estimation value ResP(id,J) using weight.
Asdescribedabove, thesmallertheestimationvalueRes (id, J),
a decoded high band signal closer to an actual high band signal
canbe cbtained. Inaddition, thesmallertheestimationvalue
ResP(id, J), a deccded high band signal closer to the decoded
high band signal of the previous frame can be obtained,.
[0384]

Therefore, thesmaller the estimation value Res,;{id, J),
a more suitable decoded high band signal is obtained.
Therefore, the pseudo high band sub-band power difference
calculation circuit 36 selects the estimation value having
aminimum value in the X number of the estimation Resg,i;{(1d,J)
and supplies the coefficient index indicating the decoded high
band sub-band power estimation cecefficient corresponding to
this estimation value to the high band encoding circuit 37.
[0285]

If the coefficient index is selected, after that, the
processes of step 3340 and step 3341 are performed to coemplete
the encoding process. However, since these processes are the
same as the processes of step 5308 and step 3309 in Fig. 24,
the description thereof will be omitted.

[0386]

As described above, in the encoder 30, the estimation
value Resg,p(id, J) obtained by linearly combining the
estimationvalueRes{id, J) andtheestimationvalueResP (id,J)
is used, so that the coefficient index of the optimal decoded

high band sub-band power estimation coefficient 1s selected.

106



10

15

20

25

30

SP24847TWOO3

[0387]

If the estimation value Res, 11 {1d,J) is used, as the case
uses the estimation value Res (id,J}, it is possible to select
a more sultable decoded high band sub~band power estimaticn
coefficient by more many estimation standards. However, if
the estimation value Res.i(id,J} is used, it is possible to
control the time variation in the steady region of the high
band component of signal to be reproduced in the decoder 40
énd it 1s possible to cbtalin a signal having high guality.
[0388]
<Modification Example 2>

By the way, in the freguency band expansion process,
if the scund having high quality is desired to be obtained,
the sub-band of the lower band side is also important in term
of the audibility. That is, among sub-bands on the high band
gide as the estimation accuracy of the sub-band close to the
low band side become larger, it is possibkble to reproduce sound
having high quality.

[0389]

Herein, when the estimation value with respect to sach
decoded high band sub-band power estimation ccefficient is
calculated, a weight may be placed on the sub-band of the low
band side. In this case, the encoder 30 in Fig. 18 performs
the encoding process shown in the flowchart in Fig. Z26.
[0390]

Hereinafter, the encoding process by the encoder 30 will
be described with reference tc the flowchart in Fig. 26. In
addition, theprocessesof steps 3371 tostep $S375are identical
with those of step S331 to step 5335 in Fig. 25. Therefore,
the description thereof will be omitted.

[G391]
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In step S$376, the pseudo high band sub-band power
differencecalculationcircuit 36calculatesestimationvalue
ResWyang {(id,J) using the current frame J to be processed for
each of the K number of decoded high band sub-band power
estimation coefficient.

{0382]

Specially, the pseude high band sub-band power
difference calculaticn circuit 36 calculates high band
sub—bandpowerpower(ib,J)intheframesJg@rformingtheéam@_
cperation as the above~mentioned Equation (1) using the high
band sub-band signal of each sub-band supplied from the
sub~band divisicn circuit 33.

[03283]

If the high band sub-band power power (ib, J) is cbtained,
the pseudo high band sub-band power difference calculation
circuit 36 calculates the following Equation 27 and calculates
the residual sguare average value ResgigqWpana (1d,J).
[0394]

[Equaticn 27]

gh
ResstgWhand (b, ) = 2 {Wpang (ib) X {power (ib, J)
th=sh+t

~powerest (ib, id, J)}}? 0]

[0385]

That is, the difference between the higb,band sub=~band
power power (ib,J) of the frames (J) and the pseudo high band
sub~band power (poOwWeXes: {(ib,id,J} is obtained and the
difference is multiplied by the weight Wpane ik} for esach
sub-band, for each sub-band on the high band side where the
index is sb+l to eb. In addition, the sum of square for

difference by which the weight Wyang (ib) ismultiplied is set
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as the rezidual error square average value RessraWhanag (1d, T) .
[0386]

Herein, the welght Wpang (ib) (where, sb+lgibgeb is
defined by the following Equation 28. For example, the value
of the weight Wpsina {(ib) becomes as large as the sub-band of
the low band side.

(03973
[Equation 28]
W (1) = =212+

[0398]

4 < - (28)

Next, the pseudo high band sub-band power difference
calculation circuit 36 calculates the residual maximum value
ResSpaxWoana (1d,J) . Specifically, the maximum value of the
absoclutevalueofthevaluesnultiplyingthedifferencebetween
the highband sub-band power power (ib, J)of each sub~band where
the index is sb+1 to eb and the pseudo high band sub~band power
poOWeres« (ib, id, J) bythewelghtWoana (ib) issetasthe residual
error difference maximum value ReSpaxWoanag (1d,J).

[0399]

In addition, the pseudo high band sub-band power
difference calculation circuit 36 calculates the residual
error average value ReS,veWpanaqg (id,J).

[0400)

Specially, in each sub-band where the index is sb + 1
to eb, the difference between the high band sub-band power
power (ib,J) and the pseudo high band sub-bkand power
poWeTest (1b,1d,J) 1z obtained and thus weilght Wpang {ib} 1s
multiplied sc that the sum total of the difference by which
thewelight Weana (ibkjilsmultiplied, isobtained. Inaddition,

the absolute value of the value obtained by dividing the
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obtained sum total of the difference into the sub-band number
(eb - sb) of the high band side is set as the residual error
average value ResSzveWpanag (id,J).

(0401}

In addition, the pseudo high band sub-band power
difference calculation circuit 36 calculates the evaluation
value ResWpane {(1d,J) . That is, the sumof the residual sguares
mean value ResSstdWoang (1d, J}, the residual error maximum value
ReSmaxWeana (id, J) that the weight (Wpax) 1s multiplied, and the
residual error average value ReS;veWpana(1d,J) by which the
welght (Waive)1s multiplied, is set as the average value
ResWyang (1d,J) .

[0402]

In step 5377, the pseudo high band sub~band power
differencecalculationcircuit36calculates theaveragevalue
ResPWyang (id,J) using the past frames and the current frames.
[04031

Specialliy, the pseudc high band sub-band power
difference calculaticoncircuit 36 records the pseudo high band
sub-band power of each sub~band cbtained by using the decoded
high band sub-band power estimation coefficient of the
coefficient index selected finally with respect to the frames
J~1 before one frame earliey than the frame (J) To be processed
in time,

(04041

The pseudo high band sub-band power difference
calculation circuit 36 first calculates the estimation
residual error average value ResPs:gWpang (1d,J). That is,
for each sub-band on the high band side in which the index
is sb+1l to eb, the welght Wpana (ib)is multiplied by obtaining

the difference between the pseudo high band sub-band power
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poWeIrest (1b,ids5e1ecteqa {(J-1),J-1) and the pseudo high band
sub-band power powerest {ib,id,J). In addition, the squared
sum of the difference from which the weigh Wpanqg (ib) is
calculated, is set as the estimation error difference average
value ResPgigWpana (1d,J).

[G405]

The pseudc high band sub-band power difference
calculationcircult 36 continuocusly calculates theestimation
residual errormaximumvalue ResPpaxWeana (1d,J) . Specially,
themaximumvalue of the absolutevalue obtainedbymultiplying
the difference between the pseudo high band sub-band power
powerest (ib,1dse1ectea (J-1),T-1) cf each sub-band in which
the index is sb+1 to eb and the pseudo high band sub-pand power
~pPOWeres¢ (ib, 1d,J}) by the welight Wyang {ib) is set as the
estimation residual error maximum value ResPuasxWeanag (1d,J) .
[0406]

Next, the pseudo high band sub-band power difference
calculation circuilt 36 calculates the estimation residual
error average value ResP,ysWpang iid,J). Specially, the
difference between the pseudo high band sub-band
PCWe@Yes: (1D, idsc1ectea (J-1),I-1} and the pseudo high band
sub-~band power poweres« {ib,1d,J) is obtained for each sub~band
where the index is sb+l to eb and the weight Wyane (ib) is
multiplied. In addition, the sum total of the difference by
which the weight Wyana (ib) ismultiplied is the absolute value
of the values obtained by being divided into the number (eb-sb)
of the sub-bands of the high kand side. However, it is set
as the estimaticn residual errcr average value
ResPaveWpang (1d,J).

[0407]

Further, the pseudo high band sub-band power difference
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calculation circuit 36 obtains the sum of the estimation
residual error square average value ResPerd Woana(ld, J) of the
egtimation residual error maximum value ResPpaxWeang (1d,J) by
which the welght Wpae 1 multiplied and the estimaticn residual
arror average value ResPyveWpana(ld, J) by which the weight Waee
is multiplisd and the sum is set as the estimaticn value
ResPWyang (1d, T} .

[0408)]

I'n step S5378, the pseudo high band sub-band power
difference calculation circuit 36 adds the evaluation value
ResWpanag (1d,J) to the estimation value ResPWpa.ng (id,J) by
which the weight W (J) of the Equaticn (23) is multiplied to
calculate the final estimationvalueRes;11Woana (1d,J3). This
estimation value Res;11Whana {1d,J) is calculated for each of
the K number decocded high band sub-band power estimation
coefficient.

[0409]

In addition, after that, the processes of step 3379 Lo
step S381 are performed to terminate the encoding process.
However, since their processes are identical to those of with
step 5339 to step 5341 in Fig. 25, the description thereotf
is omitted. In addition, the estimation value
Ressi11Weoana {1d,J) is selected to be a minimum in the K number
of coefficient index in step S379.

[0410]

As described above, in order to place the weight in the
sub-band of the low band side, it is possible to obtain sound
having further high quality in the decoder 40 side by providing
the weight for each of the sub-band.

[0411]

In addition, as described above, the selection of the
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number of the decoded high band sub-band power estimation
coefficient has been descoribed as being performed based on
theestimaticonvalueRes,11Whanag (1d,J). However, the decocded
highbandsub-bandpowerevaluationcoefficientmaybeselected
based on the estimation value ResWy,.ngq (id, J) .

[0412]

<Modification Example 3>

Inaddition, since the auditory of person has a property
that properly perceives a larger freguency band of the
ampiitude (power), the estimation value with respect to each
decoded high band sub-band power estimation coefficient may
be calculated so that the weight may be placed on the sub-band
having a larger power.

[0413]

In this case, the encoder 30 in Fig. 18 performs an
encoding process illustrated in a flowchart in Fig. 27. The
encoding process by the encoder 30 will be described bkelow
withreferencetotheflowchartinFig.27. Inaddition, since
the processes of step 5401 to step 5405 are identical with
those of step 5331 to step $335 in Fig. 25, the description
thereof will be omitted.

104147

In step 85406, the pseudc high band sub-band power
difference calculation circuit 36 calculates the estimation
value ResWpower (1d, J) using the current frame J tobe processed
for the Knumber of decoded high band sub-~-band power estimation
coefficient.

[0415]

Specifically, the pseudo high band sub-band power

difference calculation circuit 36 calculates the high band

sub-band power power {(ib,J) in the frames J by performing the

113



10

15

20

25

SP248477W003

same operaticn as the Equaticn {1} described above by using
a high band sub-band signal of each sub-band supplied from
the sub-band division circuit 23.

[G416]

If the highband sub~kand power power (ib,J}) is cbtained,
the pseudo high band sub-band power difference calculation
circult 36 calculates the following Equation (29} and
calculates the residual error sgquares average value
RessegWpower (1d,J) .

[0417]
[Equation 29]

eh
ResstdWoower (id, Y= 3 {Wooner (power (ib, J))

ih=sb¥

x {power (ib, J) —powersst {ib, id, J)}}z

- = (29)
[0418]

That is, the difference between the high band sub-band
power poweres: (ib, J) and the pseudo high band sub-band power
powers {ib,1id, J) is cbtained and the weight W, oye: (power (ib, J)
for each of the sub-bands is multiplied by the difference
thereof with respect to each band of the high band side in
which the index is sbh+l to eb. In addition, the sguare sum
of the difference by which the weight Wpower (power(ib,J) 1is
multiplied by set as the residual error squares average value
ResscaWpower (1d,J).

[0419]

Herein, the weight Wgower (power (ik,J; (where,
sb+1l<ibgeb), for example, isdefinedas the fcllowing Equation
(30}. As the high band sub-band power power{ib,J} of the
sub-band kbecomes large, the value of welght Wpewer (power (ib, J)

becomes larger.
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[0420]

[Equation 30]

% .
3 X power (ib, J) n 35

N 3 - - - (30)

Woower (power (ib, J) ) =

[0421]

Next, the pseudo high band sub-band power difference
calculation circult 36 calculates the residual error maximum
value ReSpaxWoower 12d,J) . Specially, the maximum value of
the absclute valuenmultiplying the difference between the high
band sub-band power power {ib, J) ¢f the each sub-band that the
index is sk+l to eb and the pseudo high band sub-band power
powerest (ib,1d, J} by the weight Wyoye: (power (ib,J)}is set as
the residual error maximum value ReSpaxWpower (1d,J).
(04227

In addition, the pseudo high band sub-band power
difference calculation circult 36 calculates the residual
error average value ReS,ve.Wpower (1d,J).

[0423]

Specially, in each sub-band where the index is sb+l to
eb, the difference between the high band sub-band power
power {ik,J) and the pseudo high kand sub-band power
powWer.s: (ib,1d,J) is cbtained and the weight by which
(Woower (Power{ib,J} is multiplied and the sum total of the
difference that the weight Wyowe: (power{ib,J}) ismultiplied
is obtained. In addition, the absclute value of the values
ocbtained by dividing the sum total of the cbhbtained difference
into the number of the high band sub-band and eb-sb) is set
as the residual error average ReSgwWoower(id, J).

[0424]
Further, the pseudo high band sub-band power difference

calcoulation circult 36 calculates the estimation valus
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ResWpower {1d, J) . That is, the sum of residual sguares average
value ResSgraWpower (1d, T}, the residual error difference value
ReSpaxWpower (14, J) by which the welght {Wpa) is multiplied and
the residual error average value ReSaveWpower(14,J) by which
the weight (Waive) lsmultiplied, is set as the estimation value
ResWpower {1d, J) .

(04257

In step 5407, the pseudo high band sub-band power
difference calculation circuit 36 calculates the estimation
vaiue ResPWyower{id,J) using the past frame and the current
frames.

[0426]

Specifically, the pseude high band sub-band power
difference calculationcircuit 36 records the pseudo highband
sub=~band power of each sub-band obtained by using the decoded
high band sub-~band power estimation coefficient of the
coefficient index selected finally with respect to the
frames (J~1) before one frame earlier than the frame J to be
processed in time.

[0427]

The pseudo high band sub-band power difference
calculation circuit 36 first calculates the estimatiocn
residual sgquare average value ResPgsaWpeower (1d,3} . That is,
the difference between the pseude high band sub-band power
POWeTest (1b,1dT) and the pseudo high band sub-band power
(powerest (ib,idseiectea (J-1),T-1) is obtained tomultiply the
welght Wyower (power (ib, J}, with respect to each sub-band the
high~band side in which the index is sb+l and eb. The square
sum of the difference that the weight Wooue: (power (ib,J) is
multiplied 1s set as the estimation residual sguare average

value ResPgcaWoower (1d,J0).
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[0428]

Next, the pseudo high band sub-band power difference
calculation circuit 36 calculates the estimation residual
error maximum value ResPraxWoower {1d,J}. Specifically, the
absolute value of the maximum value of the values multiplying
the difference between the pseudo high band sub-band power
DOWETLest (1D, 1dsc1ectea (T-1},T-1) of each sub-band inwhich the
index is sb+l to as eb and the pseudo high band sub-band pcocwer
powerss« (ib, 1d,J) by the weight Woower (power {(ib,J] is set as
the estimation residual error maximum value
ResPraxWyower (1d,J) .

[0429]

Next, the pseudc high band sub-band pcwer difference
calculation circuit 36 calculates the estimation residual
error average value ResPiveWeower {(1d,J}). Specifically, the
difference between the pseudo high band sub-band power
POWeYese (i, ldseiectea (J-1),J-1) and the pseudo high band
sub=-band power poWweres: (ib,1d,J) is obtained with respect to
each sub~band in which the index is sb+l to eb and the weight
Weower (power (ib,J) ismultiplied. In addition, the absolute
values of the values obtained by dividing the sum total of
the multiplied difference of the weight Woower (power (ib, J)
into the number {eb-sb) of the sub-band of high band side is
set as the estimation residual error average value
ResPaveWpouer (1d,J) .

[0430]

Further, the pseudo high band sub-band power difference
calculation circuit 36 obtains the sum of the estimation
residual sguares mean value ResPgygWoower (1d,J), the
estimation residual error maximum value ResPraxWecwer (1d, J) by

whichtheweight (W) ismultipliedandtheestimationresidual
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error average value ResParelpower (1d,J} that the welght (Waye!)
ismultiplied is oktained and the sum is set as the estimation
value ResPWpower(1d,J) .

[0431]

In step S408, the pseudo high band sub-band power
difference calculation circult 36 adds the estimation value
ResWpowexr {id,J) to the estimation value ResPWpouer {id,J)
by which the weight W, {J)of the Equation {25) is multiplied
to calculate the final estimation value Res;11Woower (1d,J).
The estimation value Ress11Woower (1d,J) is calculated from
each Knumber of thedecodedhighband sub-band power estimation
coefficient.

104321

In addition, after that, the prccesses of step S409 to
step S411 are performed to terminate the encoding process.
However, aince these processes are identical with those of
step 833¢ to step 3341 in Fig. 25, the description thereof
is omitted. In addition, in step S409, the coefficient index
in which the estimation value Res.)1Wpower (1d,J) is set as
a minimum is selected amceng the K number of the coefficient
index.

[0433]

As described above, in corder for weight to be placed
on the sub~band having a large sub-band, it is pcssible to
obtain sound having high guality by providing the weight for
each sub-band in the decoder 40 side.

[04347

In addition, as described above, the selection of the
decoded high band sub-band power estimation ccefficient has
beendescribed asbeingperformedbasadon theestimationvalue

Resz11Woower (1d,J) . However, the decoded high band sub-band
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power estimation coefficient may be selected based con the
estimation value ResWpower {1d,J) .

[0435] _

<6. Sixth embodiment>

[Configuration of Coefficient Learning Apparatus]

By the way, a set of a coefficient Ay (kb) as the decoded
high band sub-band power estimation coefficient and a
coefficient By, is recorded in a decoder 40 in Fig. 20 to
correspond to the ccefficient index. For example, if the
decoded high band sub-band power estimation coefficient of
128 coefficient index is recorded in decoder 40, a large area
is needed as the recording area such as memcry for reccrding
the decoded high band sub-band power estimation coefficient
therect.

[0436]

Herein, a portion of a number of the deccded high band
sub-band power estimation coefficient is set as common
coefficient and the recording area necessary to record the
decoded high band sub-band power estimation coefficient may
be made smaller. In this case, the coefficient learning
apparatus obtained by learning the decoded high band sub-band
power estimation coefficient, for example, is configured as
illustrated in Fig. 28.

[0437]

The ceoefficient learning apparatus 81 includes a
sub-band division circuit 91, a high band sub-band power
calculation circullt 92, a characteristic amount calculation
circult 232 and a ccefficlent estimation circuilt 94.

[0438]
A plurality of compositicn data using learning is

provided in a plurality of the coefficient learning apparatus

119



10

20

25

30

SP248477TW0O03

81 as a broadband instruction signal. The broadband
instructicn signal i1s a signal including a plurality of
sub~-band compcnent of the high band and a plurality of the
sub-band compenents of the low band.

[0439]

The sub-band division circuit 91 includes the band pass
filterandthelike, dividesthe suppliedbroadband instruction
signal into a plurality of the sub-band signals and supplies
tothe signals the highbkand sub-band power calculaticncircuit
92 and the characteristic amount calculation circuit 93.
Specifically, the high band sub-band signal of each sub-band
of the highband side inwhich the index is sb+1 toeb is supplied
to the high band sub-band power calculation circuit 92 and
the low band sub-band signal of each sub~band of the low band
inwhichtheindexissb-3tosbissuppliedtothecharacteristic
amount calculation circuit 93.

[0440]

The high band sub-band power calculation circuit 82
calculates the high band sub-band power of each high band
sub-band signal supplied from the sub-band division circuilt
91 and supplies it to the coefficient estimation circuit 24.
The characteristic amount calculation circuilt 93 calculates
the low band sub-band power as the characteristic amount, the
low band sub-band power based on each low band sub-band signal
supplied from the sub~band division circuit 91 and supplies
it to the coefficient estimation circuit 9%4.

(0441

The coefficient estimation circuit 94 produces the
decoded high banc sub-band power estimation coefficient by
performing a regression analysis using the high band sub-band

power from the high band sub-band power calculation circuit
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92 and the characteristicamount fromthe characteristicamount
calculation circuit 93 and outputs to decoder 40,

[0442]

[Description of Coefficient Learning Process]

Next, a ccefficient learning process perfcrmed by a
coefficient learning apparatus 81 will be described with
raference to a flowchart in Fig. 29.

[0443]

In step 5431, the subwband division circuit 91 divides
each of a plurality of the suppliied broadband instruction
signal into a plurality of sub-band signals. In addition,
the sub~band division circuit 91 supplies a high band sub-band
signal of the sub-band that the index is sb+l to eb to the
high band sub-band power calculation circuit 92 and supplies
the low band sub-band signal of the sub-band that the index
is sb-3 to sb to the characteristic amount calculation circuit
93.

[0444;

In step 35432, the high band sub-band power calculation
circuit 92 calculates the high band sub-band power by
performing the same operation as the Equation (1) described
above with respect to each high kand sub-band signal supplied
from the sub-band divisicon circuit 91 and supplies it to the
coefficient estimation circuit 4.

[G445]

In step 8433, the characteristic amount calculation
circuit 93 calculates the low band sub-band power as the
characteristic amount by perfeorming the operation of the
Equation (1) described above with respect each low band
sub-band signal supplied from the sub-band division circuit

91 and supplies to it the coefficient estimation circuit S4.
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[0446]

Accordingly, the high band sub-band power and the low
band sub-band power are supplied to the coefficient estimation
circuit 94 with respect to each frame of a plurality of the
broadband instruction signal.

[0447;

In step S434, the coefficient estimation circuit 94
calculates a coefficlient A {kb) and a coefficient By by
performing the regression of analysis using least-squares
method for each of the sub-band ib (where, shb+l1<ib<eb) of the
high band in which the index is sb+l to eb.

[0448]

In the regression analysisg, it is assumed that the low
band sub-band power supplied from the characteristic amount
calculationcircult 23 is anexplanatory variable and the high
band sub-band power supplied from the high band sub~band power
calculationcircuit 92 isanexplainedvariable. Inaddition,
the regression analysis ls performed by using the low band
sub-band power and the high band sub-band power of the whcle
frames constituting the whole broadband instruction signal
supplied to the cecefficient learning apparatus B81.

[0449]

In step 5435, the coefficient estimation circuit 94
obtains the residual vector of each frame of the broadband
instructionsignal usingacocefficient Ay (kbandacecefficient
{Bip) for each of cobtained sub-band ib.

[0450]

For example, the coefficient estimation circuit 94
cbtains the residual error by subtracting the sum of total
cf the lower band sub-band power power(kb, J} (where,

sb-3<kb<sb) that is acquired by the coefficient is AibAy, (kb)
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thereto coefficient By multiplied from the high band power
{{power{ib, J) foreachof the sub-band ib (where, sb+1<ib<eb)of
the frame J and. In addition, vector including the residual
error of each sub-band ib of the frame J is set as the residual
vector.

[0451]

In addition, the residual vector is calculated with
respect to the frame constituting the broadband instruction
signal supplied to the coefficient learning apparatus 81.
[0452]

In step 5436, the coefficient estimation circuit 24
normalizes the residual vector obtained with respect to each
frame. For example, the coefficient estimation circuit %4
normalizes, for each sub~kand ib, the residual vector by
obtaining variance of the residual of the sub-band ib of the
residual wvector of the wheole frame and dividing a residual
errcr of the sub-band ib in each residual vector into the square
root of the variance.

[0453]

In step 5437, the coefficient estimation circuit 24
clusters the residual vector cof the whole normalized frame
by the k-means method or the like.

[0454]

For example, the average frequency envelope of the whole
frame cbtained when performing the estimation of the high band
sub-band power using the coefficient B, (kb) and the
coefficient Biyis referred to as an average frequency envelope
8A. Inaddition, it is assumed that a predetermined freguency
envelope having larger power than the average freguency
envelope SA is fregquency envelope SH and a predetermined

frequency envelope having smaller power than the average
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frequency envelope SA is frequency envelope SI.

[0455]

| In this case, each residual vector of the coefficient
in which the frequency envelope close to the average frequency
envelop SA, the frequency envelcop SH and the frequency envelop
SI, is obtained, performs clustering of the residual vector
so as tobe included inacluster CA, acluster CH, and a cluster
CL. That is, the residual vector of each frame performs
clustering so as to be included in any one of cluster CA, a
cluster CH or a cluster CL.

[0456]

In the frequency band expansion process for estimating
the high band component based on a correlation of the low band
component and the high band component, in terms of this, if
the residual vector is calculated using the coefficient Ay
{kb) and the coefficient Bi, obtained from the regression
analysis, the residual error increases as much as large as
the sub-band of the high band side. Therefore, the residual
vector is clustered without changing, the welight is placed
in asmuch as sub-band of the high band side toperformprocess.
[0457]

In this contrast, in the coefficlent learning apparatus
81, variance of the residual error of each sub-band is
apparently egqual by normalizing the residual vector as the
variance of the residual error of the sub-band and clustering
canbeperformedbyproviding the equal weight toeach sub-band.
[0458]

In step 8438, the coefficient estimation circult 94
cselects as a cluster to be processed of any cne of the cluster
CA, the cluster CH and the cluster CL.

[0459]
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In gtep 5439, the coefficlient estimation circuit 94
calculates A (kb)) and the coefficientBiypof each sub-band
ib{where, sb+l2ibgeb} by the regression analysis using the
frames of the residual vector included in the cluster selected
as the cluster to be processed.

[0460]

That is, 1f the frame of the residual vector included
in the cluster to be processed is referred to as the frame
to be processed, the low band sub-ktand power and the high band
sub~band power of the whole frame to be processed is set as
the exploratory variable and the explained variable and the
regressionanalysisusedthe least-squaresmethod isperformed.
Accordingly, the coefficient Aip(kb) and the coefficient By
is obtained for each sub-band ib.

[0461)

In step 3440, the coefficient estimation circuit %4
optains the residual vector using the coefficient Ay (kb)) and
the coefficient By, obtained by the process of step 2439 with
respect the whole frame to be processed, Inaddition, in step
5440, the same prccess as the step S435 is performed and thus
the residual vector of each frame to be processed is obtained.
[0462]

In step 8441, the coefficient estimation circuit 84
normalizes the residual vector of each frame to be processed
obtained by process of step $S440 by performing the same process
as step 85436. That is, normalization of the residual vector
is performed by dividing the residual error by the variance
for each the sub-band.

[0463]
In step S442, the coefficient estimation circuit 94

clusters the residual vector of the whole normalized frame
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to be processed using k-means method or the like. The number
of this cluster number is defined as following. For example,
in the coefficient learning apparatus 81, when decoded high
band sub-bandpowerestimationcoefficientscfiZ8coefficient
indices are produced, 128 is multiplied by the frame number
to be processed and the number obtained by dividing the whole
frame number is set as the cluster number. Herein, the whole
frame number is referred to as sum of the whole frame of the
breoadband iInstruction signal supplied to the coefficient

learning apparatus 81.

[0464]

In step 8443, the coefficient estimation circuit 94
obtains a center of gravity vector of each cluster cobtained
by process of step 85442,

[0465]

For example, the cluster ocbtained by the clustering of
the step S442 corresponds to the coefficient index and in the
coefficient learning apparatus 81, the coefficient index is
assigned for each cluster to obtain the decoded high band
sub-band power estimation coefficient of the each coefficient
index.

[0466]

Specifically, instep 3438, it isassumedthat thecluster
CA is selected as a cluster to be processed and ¥ clusters
are obtained by clustering in step $442. When one cluster
CF of ¥ clusters is focused, the decoded high band sub-band
power estimation coefficient of a coefficient index of the
cluster CF is set as the coefficient A (kb)) in which the
coefficient A:;{kb) obtained with respect to the cluster CA
in step 343% 1s a linear ceorrelative term. In addition, the

gum of the vector performing & reverse process (reverse
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normalization) of a normalization performed at step S441 with
respect to center of gravity vector ¢f the cluster CF obtained
from step 5443 and the coefficient B, obtained at step 5439
is set as the coefficient Bip, which is a constant term of the
decocded high band sub-band power estimation coefficient. The
reverse normalization is set as the process multiplying the
same value (root sguare for each sub-band) as when being

normalized with respect to each element of center of gravity
vector of the cluster CF when the normalization, for example,
paerformad at step $441 divides the residual errcr inte the
root square of the variance for each sub-band.

[0467]

That 1is, the set of the coefficient Ay (kb) cbtained
at step S432 and the coefficient By obtained as described
is set as the decoded high band sub-band power estimation
coefficient of the coefficient index of the cluster CF.
Accordingly, each of the F clusters cbtained by clustering
commonly has the coefficient Ajpl{kb) obtained with respect
to the cluster CA as the linear correlation termof the decoded
high band sub-band power estimation coefficient.

[0468]

In step 5444, the coefficient learning apparatus 81
determines whether the whole cluster of the cluster CA, the
cluster CH and the cluster CL is processed as a cluster to
be processed. In addition, in step S444, if it is determined
that the whole cluster is not processed, the process returns
to step 8438 and the process described is repeated. That is,
the next cluster is selected to be processed and the decoded
highband sub-bandpower estimationcoefficientiscalculated.
[0469]

In this contrast, in step 3444, if it is determined that
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the whole cluster is processed, since a predetermined number
of the deccded high band sub-band power to ke obtained is
calculated, the process proceeds to step $445.

[0470]

In step 85445, the coefficient estimation circuilt %4
outputs and the cbtained coefficient index and the decoded
high band sub-band power estimation coefficient to decoder
40 and thus the coefficient learning process is terminated.
[0471]

For example, in the decoded high band sub-band power
estimationcoefficientsoutput todecoder 40, thereare several
same coefficients A (kb)) as linear correlationterm. Herein,
thecoefficlent learningapparatus 8l corresponds tothe linear
correlation term index {pointer}! which is information that
specifies the coefficient Ay (kb) to the coefficient Ay (kb)
common to thereof and corresponds the coefficient By which
is the linear correlation index and the constant term to the
coefficient index.

[0472]

In addition, the coefficient learning apparatus 81
supplies the corresponding linear correlation term index
(pointer) and a coefficient A;{kb}, and the corresponding
coefficient index and the linear correlation index (pointer)
and the coefficient By to the decoder 40 and records them in
a memory in the high band decoding circuit 45 of the decoder
40. Like this, when a plurality of the decoded high band
sub-band power estimation coefficients are recorded, if the
linear correlation term index {pointer} is stored in the
recording area for each decoded high band sub-band power
estimation coefficient with respect to the common linear

correlation texrm, it iz possible to reduce the recording area
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remarkably.
[0473]

In this case, since the linear correlation term index
and to the ceoefficilent A, (kb)are reccrded in the memory in
the high band decoding circuit 45 to correspond to each other,
the linear correlation term index and the coefficient By, are
obtained from the cecefficient index and thus it is possibkle
to obtain the coefficient Ajp (kb)) from the linear correlation
term index.

[0474]

In addition, according to & result of analysis by the
applicant, even though the linear correlaticn term of a
plurality of the decoded high band sub-band power estimation
coefficients is communized in a three-pattern degree, it has
known that deterioration of sound guality of audibiiity of
scund subjected to the frequency band expansion process does
not almost occur. Therefore, it is possible for the
coefficient learning apparatus 81l to decrease the recording
area reguired in recording the decoded highband sub-band power
estimation coefficient withcut deteriorating scund quality
of sound after the freguency band expansion process.
[0475]

As described above, the coefficient learning apparatus
81 produces the decoded high kand sub-~band power estimation
coefficient of each coefficient index from the supplied
broadband instruction signal, and output the produced
coefficlent.

[0476]

Inaddition, in the coefficient learning process in Fig.

29, the description is made that the residual vector is

normalized. However, the normalization cof the residual
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vector may not be performed in cne or both of step 8436 and
step 5441.
[0477]

Inm addition, the normalization of the residual vector
is performed and thus communization of the linear correlation
term of the decoded high band sub-band power estimation
coefficient may not be performed. In this case, the
normalization process is performed in step 5436 and then the
normalized residual vector is clustered in the same number
of clusters as that ¢f the deccded high band sub-band power
estimation coefficient to be obtained. In addition, the
frames of the residual error included in esach cluster are used
to perform the regression analysis for each cluster and the
decoded high band sub-band power estimation coefficient of
each cluster is produced.

[04781
<7. Seventh Embocdiment>
[Regarding Sharing of Coefficlent Table]

Incidentally, in the above description, it has been
described that, in order to obtain the high band suk-band
signals of the sub-kand ib on the high band side in which the
index is ib (wherein, sb+l<ib<eb), the ceocefficients A, {(sb~-3)
to Aip{sb} and the ccefficient Bi, as the decoding high band
sub~kband power estimation ccefficients are used,

[0479]

Since the high band components includes (eb-sb)
sub-bands of the sub-bands sb+l to eb, a coefficlent set
illustrated in, for example, Fig. 30 is necessary in order
to chtain a decoded high band signal including the high band
sub-band signals of the respective sub-bands.

[0480]
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That is, the coefficients Agpi{sh-3) Lo Ageer {8b) 1in the
uppermost row of Fig. 30 are coefficients whicharemultiplied
by the respective low band sub-band powers of the sub-bands
sb—3 to sb on the low band side in order to obtain the decoding
high band sub-band power of the sub-band sb+1l. In addition,
the coefficient Bsp in the uppermost row of the drawing is
aconstant termof a linear combination of the lowband sub-bhand
powers for cbtaining the decoding high band sub-band power
of the sub-band sb+l.

[0481]

Similarly, the coefficients Ag(sb-3) to Ay (sb) in the
lowermost row cof the drawing are coefficients which are
multiplied by the respective low band sub-band powers of the
sub~bands sb-3 tc sb on the low band side in order to cobtain
the decoding high band sub~band power of the sub-band eb. In
addition, thecoefficient Beypinthe lowermostrowof the drawing
is a constant term of a linear combination of the low band
sub-band powers for obtaining the decoding high band sub-band
power cof the sub-band eb.

[0482]

In this way, in the encoder 30 and the decoder 40,
5x{eb-sb) coefficient sets are recorded in advance as the
decoding high band sub-band power estimation coefficients
which are specified by one coefficient index. Hereinafter,
these bx(eb-sb) coefficient sets as the decoding high band
sub~band power estimaticon coefficients will be referred to
as the coefficient tables.

[0483]

For example, when 1t is attempted to obtain the decoded

high band signal including more than (eb-sb) sub-bands, the

coefficienttableillustratedinFig. 301lackathecoefficients
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and thus the decoded high band signals are not cbtained
appropriately. Conversely, when it is attempted to cktain
the deccoded high band signals including less than (eb-sb)
sub-bands, the coefficient table illustrated in Fig. 30 have
many redundant coefficients. |
[0484]

Therefore, in the encoder 30 and the decoder 40, many
coefficient tables shouldbe recorded in advance to correspond
to the number of sub=bands constituting the decoded high band
signals and thus there is a case where the size of a recoding
area where coefficient tables are recordsad increases,.
[0485]

Therefore, by recording a coefficient table for
obtaining the decoded high band signals of a predetermined
number of sub-bands and extending or reducing the coefficient
table, the decoded high band signals having different numbers
0f sub-bands may be handled.

[04861

Specifically, for example, 1t is assumed that =&
coefficient table cof & case where Index eb=sb+8 is reccrded
in the enceder 30 and the decoder 40. In this case, when the
respective coefficients constituting the coefficient table
are used, the decoded high band signal having 8 sub~bands can
be obtained.

[0487]

Here, for example, as illustrated on the left side of
Fig. 31, when it is attempted to obtain the decoded high band
signal including 10 sub-bands of the sub-bands sb+1 to sb+10,
the coefficient table which is recorded in the encoder 30 and
the decoder 40 lacks coefficients. That is, the coefficients

A (kb)) and Bjy, of the sub-bands sb+2 and sb+10 are lacking.
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[0488]

Therefore, when the coefficient table is extended as
illustrated on the right side of the drawing, by using the
coefficient table of the case where there are 8 sub-bands on
the high band side, the decoded high band signal including
10 sub-bands can be appropriately cbtained. Here, in the
drawing, the horizontal axis represents the fregquency and the
vertical axis represents. the power. In addition, the
respective freguency components of an input signal are
illustrated on the left side of the drawing, and lines in the
vertical direction indicate the boundary positions of the
respective sub-bands on the high band side.

[0489]

In an example ¢f Fig. 21, the coefficients Asp:is(s8b-3)
to Agpeg (8b) and the coefficient Biwy 0f the sub~band sb+8 as
the decoding high band sub-band power estimation coefficients
are used as the coefficients of the sub-bands sb+9% and sb+10
withcut any change.

[0430]

That i1s, in the ceoefficient table, the coefficients
Beprg {8b—3) to Ageig (sbh) and the coefficient Bay.g of the sub-band
sb+8 are duplicated and used as the coefficients Age{sb-3)
tORAsp+s (8h) and thecoefficient Bepss of the sub-band sb+%without
any change. Similarly, in the coefficient table, the
coefficients Ag.s(8b—3) to Rgs(sb) and the coefficient Bspsg
of the sub-band sb+8areduplicatedandusedas thecoefficients
Bsp+in(8bE~-3) to Agsip(sb) and the coefficient Bag+ip 0f the
gub-band sk+10 without any change.

(04917
In this way, when a coefficient table is extended, the

coefficients A (kb)) and By, of a sub-band having the highest

133



10

15

20

25

30

SP248477W0O03

frequency in the coefficient table are used for lacking
coefficients of a sub-band without any change.
[0482]

In additlion, even when the estimation accuracy of
components of a sub-band having & high frequency of high band
components such as the sub-bands sb+% and sb+10 deteriorates
o some degree, there is no deterioration in audibility at
the time of the reproduction of an output signal including
the decodedhighbandsignals and the decoding lowband signals.
[0423]

In addition, the extension of the coefficient table is
not limited to the example of duplicating the ccefficients
Ain{kkb) and Bip of the sub-band having the highest frequency
and setting the duplicated coefficients to coefficients of
other sub-bands. The coefficients of some sub-bands of the
coefficient table may be duplicated and set to coefficients
of the sub-bands which are to be extended (which are lacking}.
Inadditicn, the coefficients tobe duplicated are not limited
tothoseofone sub-band. Thecoefficientsofplural sub-bands
may be duplicated and respectively set to ccoefficients of
plural sub-bands to be extended. Furthermore, the
coefficients of sub-bands to be extended may be calculated
based on the coefficlents of some sub-bands.

[0484]

On the other hand, for example, 1t is assumed that a
coefficient table of a case where Index eb=sb+8 is recorded
in the encoder 30 and the decoder 40 and a decoded high band
signal including 6 sub-bands i1s produced as illustrated on,
for example, on the left side of Fig. 32. 'Here,inthedrawing,
the horizontal axis represents the fregquency and the vertical

axis represents the power. In addition, the respective
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frequency components cof an input signal are illustrated on
theleftsideofthedrawing, andlinesintheverticaldirection
indicate the boundary pesitiocns of the respective sub-bands
on the high band side.

[0495]

In this case, a coefficient table in which there are
6 sub-bands on the high band side is not recorded in the encoder
30 and the decoder 40, Therefore, when the coefficient table
is reduced as illustrated on the right side of the drawing,
the decoded high band signal including 6 sub~bands can be
obtained using the coefficient table in which there are 8§
sub-bands on the high band side.

[0496]

In the example of Fig. 32, from the cosfficient table
as the decoding high band sub-band power estimation
coefficients, the coefficients BAgpi7 (8b—-3) to Agxer (sb) and the
coefficient By of the sub-band sb+7 and the ceoefficients
Ashag (8b~3) to Agpie (sb) and the coefficient Bgyig 0f the sub-band
sb+8 are deleted. Inaddition, anewcoefficient table having
the coefficients of six sub-~bands of the sub-bands sbh+l to
sb+6, from which the coefficients of the sub-bands sb+7 and
sb+8 are deleted, is used as the decoding high band sub-band
power estimation coefficlents to produce a decoded high band
signal.

[0497]

In this way, when a coefficient table is reduced, the
coefficients Ay (kb)) and Bipy of unnecessary sub-bands in the
coefficient table, that is, sub-bands which are not used for
the production of a decoded high band signals are deleted and
thus the reduced coefficient table is obtained.

[0488]
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As described above, by appropriately extending or
reducing the coefficient table, whichis recorded in anencoder
and a decoder, to correspond to the number of sub-bands of
a decoded high band signal which is to be produced, the
coefficient table of a predetermined number of sub-bands can
be shared for use. As a result, the size of a recording area
of ccefficlent tables can be reduced.

[0489]
[Functional Configuration Example of Encoder]

When a coefficient table 1s extended or reduced as
necessary, an encoder is configured as 1llustrated in, for
examnple, Fig. 33. In Fig. 33, the same reference numbers are
given to parts corresponding to those of the case illustrated
in Fig. 18 and the descripticn thereof will be appropriately
omitted.

{45007

An encodexr 111 of Fig., 33 is different from the enccder
30 ¢f Fig. 18 in that the pseudo high band sub-band power
calculation circuit 35 of the encoder 111 is provided with
an extension/reductionunit 121, and the other configurations
are The same.

[0501]

The extension/reduction unit 121 extends or reduces a
ceefficient table which is recorded by the pseudo high band
sub-band power calculaticn circuit 35 to correspond to the
number of sub-bands intowhich high band components of an input
signal are divided. As necessary, the pseudo high band.
sub-band power calculation circuit 35 calculates pseudo high
band sub-band powers using the coefficient table extended ox
reduced by the extensicn or reduction unit 121.

[0502]
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{Description of Encoding Processes]

Next, encoding processes which are performed by the
encoder 111 will be described with reference to the flowchart
of Fig. 34. Here, since processes of step S5471 to step $474
are the same as those of step S181 to S184 of Fig. 18, the
description thereof will he omitted.

[0503]

In step 8475, the extension/reduction unit 121 extends
cr reduces a coefficient table as the deccding high band
sub-band power estimation coefficients, which are recorded
by the pseudo high band sub~band power calculation circuit
35, to correspond to the number of the high band sub-bands
of theinputsignal, thatis, thenumberof thehighband sub~band
signals.

[0504]

For example, 1t is assumed that the high band components
of the input signal aredivided into high band sub~band signals
of g sub-bands of the sub-bands sb+l to sk+qg. That is, it
is assumed that pseudo high band sub-band powers of g sub~bands
are calculated based on the low band sub-band signals.
[0505]

In addition, it is assumed Tthat a coefficient table
having the coefficients Ay {kb) and By, of r sub-bands of the
sub-bands sb+l tc sb+r is recorded in the pseudo high band
sub~-band power calculation circuit 35 as the decoding high
band sub-band power estimation coefficients.

[0506]

In this case, when g 1s greater than r {g > r), the
extension/reduction unit 121 extends the coefficient table
recorded in the pseudo high band sub-band power calculation

circuit 35. That i1s, the extensiocon/reduction unit 121
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duplicates the coefficients A (kb)) and Bgper of the sub-band
sb+r included in the coefficient table and sets the duplicated
coefficients to coefficients of the respective sub~bands of
the sub-bands sb+r+1 to sb+gwithout any change. BAs a result,
a coefficient table having the coefficients Aj,{kb) and Biy
of g sub-bands 1s obtalned.

[0507]

In this case, when g 1s less than r (g < r), the
extension/reduction unit 121 reduces tHe coefficient table
recorded in the pseudc high band sub-band power calculation
circuit 35. That is, theextension/reductionunit 121 deletes
the coefficients Ajp (kb)) and Bijp of the respective sub-bands
of the sub-bands sb+g+l to sb+r included in the coefficient
table. As a result, a coefficient table having the
coefficients A:;p{kbk} and Biyy of the respective sub-bands of
the sub-bands sb+l to skb+g i1s obtained.

[0508]

Furthermcre, when g is =squal to r (g=r), the
extension/reduction unit 121 neither extends nor reduces the
coefficient table recorded in the pseudo high band sub-band
power calculaticn circuit 35.

[0509]

In step $476, the pseudc high band sub-band power
calculatiocn circuit 35 calculates pseudo high band sub-band
power differencesbasedonthe characteristicamounts supplied
from the characteristic amcunt calculation circult 34 to be
supplied to the pseudo high band sub-band power difference
calculation circuit 36.

[0510]
For example, the pseudc high band sub-band power

calculation circuit 35 performs the calculation according Lo
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the above-describedexpression (2} usingthecoefficient table,
which is recorded as the decoding high band sub-band power
estimation cecefficients and, as necessary, 1s extended or
reduced by the extension/reduction unit 121, and the low kand
sub~band powers power {(kb, J) (wherein, sb-3<kb<sb}; and
calculates the pseudo high band sub-band powers poweres (ib,
J) .
[05113

That is, the low band sub-band powers of the respective
sub-bands on the low band side which are supplied as thé
characteristic amounts are multiplied by the coefficients
Aip(kb) for the respective sub-bands, the ccefficients By are
further added to the sums of the low band sub~band powers which
have been multiplied by the coefficients, and thus the pseudo
high band sub-band powers poweres: {(ik, J) are obtained.

These pseudo high band sub-band powers are calculated
for the respective sub-bands on the high band side.
(0512

In addition, the pseudo high band sub-band power
calculation circuit 35 performs the calculation of the pseudo
high band sub-band powers for the respective decoding high
band sub~band power estimation coefficients (coefficient
table}) which are recorded in advance. For example, it is
assumed that K decoding high band sub-band power estimation
coefficients inwhich the coefficient index is 1l to K (wherein,
2<¥) are prepared in édvance. In this case, for K decoding
highbkandsub-bandpowerestimationcoelificients, asnecessary,
the coefficient tables is extended or reduced and the pseudo
high band sub-kand powers of the respective sub~bands are
calculated.

[0513]
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In this way, when the coefficient tables is extended
or reduced as necessary, the pseudo high band sub-band powers
of the sub-bands sb+l to eb can be appropriately calculated
using the coefficient table which is recorded in advance,
irrespective of the number of sub-bands on the high band side.
Furthermore, the pseudo high band sub-band powers can be
obtainedwithlessdecodinghighbandsub-bandpowerestimation
coefficients and higher efficiency.

[0514]

After thepseudohighbandsub-bandpowers arecalculated
in step 5476, processes of step 5477 and 5478 are performed
and the sguare sums c¢f the pseudo high band sub-band power
differences are calculated. Here, since these processes are
the same as those of step 3186 and step S187 of Fig. 18, the
descripticon thereof will be omitted.

[0515]

In addition, in step 5478, for K decoding high band
sub-band power estimaticon coefficients, the sums of square
differences E(J, 1d) are calculated. The pseudc high band
sub~band power difference calculation circuit 36 selects the
smalliest sumof square differences among the calculated K sums
of sguare differences E{J, 1d} and supplies the coefficient
index, which indicates the decoding high band sub-band power
estimation coefficients corresponding to the selected sum of
square differences, to the high band encoding circuit 37.
[0516]

After the cocefficient index capable of estimating high
band signals with highest accuracy is selected and supplied
toc the high band encoding circuit 37, processes of step $479
and Step 35480 are perfcormed and the encoding processes end,

Here, since these processes are the same as those of step 5188
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and step S18% of Fig. 19, the description thereof will be
omitted.
[G517]

In this way, by cutputting the low band encoded data
and the high band encoded data as an output code string, in
a decoder which receives the input of the cutput code string,
thedecodinghighband sub~bandpower estimationcoefficients,
which are optimum for freguency band expansion process, can
be cbtained. As a result, a signal with higher scund quality
can be cbtained.

[3518]

Furthermore, it is not necessary for the enceder 111
to record coefficient tables for the number of sub-bands into
which high band components of an input signal are divided and
thus a sound can be encoded with less coefficient tables and
higher efficiency.

[0519]

In addition, information indicating the number of
sub-bands into which high band components of an input signal
are divided may be included in the high band encoded data or
informaticn indicating the number of sub-bands may be
transmitted to a decoder as separate data from the output code
string.

(05201
[Functional Cenfiguration Example of Decoder]

In addition, a decoder which receives the output code
string, output from the encoder 111 of Fig. 33, as an input
code string to be decoded is configured as illustrated in,
for example, Flg. 35, In Fig. 35, the same reference numbers
are given to parts corresponding to those of the case

illustrated in Fig. 20 and the description thereof will be
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appropriately omitted.
[0521]

A decoder 151 of Fig. 35 is the same as the decoder 40
0fFilg, 20inthat thedemultiplexingcircuit 4l tothe synthesis
unit 48 are provided, but is different from the decoder 40
of Fig. 20 in that the decoding high band sub-band power
calculation circuit 46 is provided with an extension and
reduction unit 161.

[0522]

As necessary, the extension and reduction unit 1lél
extends or reduces a coefficient table as the decoding high
band sub~bandpowerestimationcoefficients, whichissupplied
from the hich band decoding circuit 45. The decoding high
band sub-band power calculation circult 46 calculates the
decoded high band sub-band powers using the coefficient table
extended or reduced as necessary.

[0523]
[Description of Decoding Process]

Next, decoding processes which are performed by the
decoder 151 of Fig. 35 will be described with reference to
the flowchart of Fig. 36. Since processes of step S511 to
step 8515 are the same as those of step 3211 to step 5215 of
Fig. 21, the description thereof will be omitted.

[0524]

In step 3516, as necessary, the extension and reduction
unit 161 extends or reduces the ceefficient table as the
decoding high band sub-band power estimation coefficients
supplied from the high band decoding circult 45.

[0525]
Specifically, the decoding high kand sub-band power

calculation circuit 46 calculates decoded high band sub-band
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pewers of g sub-bands of the sub-bands sb+l to sb+g on the
high band side. That is, it is assumed that the decoded high
band signal includes components of g sub-bands.

[052¢8]

Here, the number of sub-~bands “g” on the high band side
maybe specifiedinadvance inthedecoderlilormaybe specified
by the user. In addition, the information indicating the
number’of sub-bands on the high band side may be included in
the high’ band enceded data or the information indicating the
number of sub~kands on the high band side may be transmitted
frcom the encoder 111 to the decoder 151 as separate data from
The input code string.

[0527]

In additiocon, it is assumed that a coefficient table
having the coefficients A (kb)) and Biy, of r sub-bands of the
sub-bands sb+l to sb+r is recorded in the high band decoding
circuit 45 as the decoding high band sub-band power estimation
coefficients.

[0528]

In this case, when g 1s greater than r {g > r), the
extensionandreductionunit 161l extends the coefficient table
supplied from the high kand decoding circuit 45. That is,
the extension and reduction unit 161 duplicates the
coefficients Agnir (kb)) and B, of the sub-band sb+r included
in the coefficient table and sets the duplicated coefficients
to coefficients of the respective sub-bands of the sub-bands
sb+r+l to skh+g without any change. As a result, acoefficient
table having the coefficients Ay (kb} and Biy of g sub-bands
is obtained.

[0529]

Inthiscase, whengis less thanr (g<r), the extension
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and reduction unit 161 reduces the coefficient table supplied
fromthe highbanddecoding circuit 45. Thatis, the extensicn
and reduction unit 161 deletes the coefficients A;, (kb)) and
Biy, of the respective sub-bands cf the sub-bands sb+g+l to
sb+r included in the coefficient tabkle. As a result, a
coefficient table having the coefficients Air (kb)) and Biy of
the respective sub-bands of the sub-pbands sb+l to sb+g is
cbtained.

[0530]

Furthermore, when g is equal to r (g=r), the extension
and reduction unit 161 neither extends nor reduces the
coefficient table supplied fromthe highbanddecoding circuit
45,

[0531]

After the ccefficient table is extended or reduced as
necessary, processes of step 3517 to step 8519 are performed
and the decoding processes end. However, since these
processes are the same as those of step 5216 to step 5218 in
Fig. 21, the description thereof will be omitted.

[0532]

In this way, according to the decoder 151, the
coefficient index is obtained from the high band encoded data
obtained from the demultiplexing of the input code string;
using the decoding high band sub~band power estimation
coefficients indicated by the coefficient index, the decoded
high band sub-band powers are calculated; and thus the
estimation accuracy of the high band sub-band powers can be
improved. As a result, a sound signal with higher guality
can be reproduced.

[0533]

Furthermore, in the decoder 151, it is neot necessary
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that coefficient tables are recorded for the number of
sub-bands constituting a decocded high band signal; and as a
result, a sound can be decoded with less coefficient tables
and higher efficiency.

[0534]

<8. Eighth Embodiment>

[Regarding Blended Learning Method]

In the above-described cases, coefficient sets capable
of dealingwith thedifferences of the band-limited frequency,
the sampling frequency, thecoding, andtheencedingalgorithms
are prepared, but there is a problem in that the size of tables
increases. To deal with this problem, a method is contrived
in which, using various band-limited freguencies, sampling
frequencies, codings, and encoding algorithms as input,
explanatory variables (sb-3 to sb) and explained variabkles
{sb+1l to eb) are prepared and these are blended to perform
learning. According to this method, for signals cof various
sampling fregquencies, codings, and enceding algorithms, high
band pcwers can be accurately estimated on average with one
table.

[0535]

Specifically, for example, as illustrated in Fig. 37,
for the respective conditions A tc D, explanatory variables
and explained variables are obtained from broadband
instruction signals and decoding high band sub-band power
estimation coefficients {coefficlent tahle) are cbhbtained by
learning.

[0536]

In addition, in Fig. 37, the band-limited freguency

represents the highest frequency among frequencies of

components included in a low band signal or a deccding low
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bandsignal, andthe sanmpling frequency repregents the sampling

frequency of an input signal cranocutput signal. Inaddition,

the coding represents a coding system of an input signal, and
the encodingalgeorithmrepresents an encodingmethod of a sound.
For example, when encoding algorithms are different, decoding

low band signals are different. BAs a result, for example,

values ¢f low band suk-band powers which are used as explained
variables are different.

[0537)

In a case where coefficient tables are obtained for the
respective conditions, when a sound is encoded or decoded,
one coefficient table is selected according to the conditions
such as the coding and the encoding algorithm from the
coefficient tables obtained for the conditions.

[0538]

When the coefficient tables are obtalined for the
respective conditions as described above, in an encoder and
a decoder, many ccefficient tables should be reccrded in
advance for the respective conditions. Accordingly, there
isacasewherethesizeofarecordingareawhere thecoefficient
tables are recorded increases.

[0539]

Therefore, explanatory variables and explained
variables, which are obktained from broadband instruction
signals for the respective conditions, may be blended and
performlearning; and usingacoefficient table thus cbtained,
high band powers may be accurately estimated on average,
irrespective cof the conditicons.

[0540]
[Functicnal Configuration Example of Coefficient Learning

Apparatus]
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In such a case, a coefficient learning apparatus, which
produces acoefficient table as the decoding highband sub-band
power estimation coefficients by learning, is configured as
illustrated in, for example, Fig. 38.

[0541]

Acgoefficient learningapparatus 191 includes a sub-band
division circuit 201, a high kand sub-band power calculation
circuit 202, acharacteristic amount calculationcircuit 203,
and a coefficient estimation circuit 204.

[0542]

To this coefficient learning apparatus 191, aplurality
of musical data with plural conditions which have different
conditions such as conditicons A to D illustrated in Fig. 37
are supplied as the broadband instruction signals. The
brecadband instruction signal represents a signal including
plural high band sub-band ccomponents and plural low band
sub-band components.

[0543]

The sub~band division circuit 201 includes a band pass
filter and divides a supplied broadband instruction signal
into plural sub-band signals to ke ocutput to the high band
sub~-band power calculationcircuit 202 and the characteristic
amount calculaticn circuit 203, Specifically, high band
sub-band signals of the respective sub-band on the high band
side in which the index is sb+1 to eb are supplied to the high
band sub-band power calculation circuit 202, and low band
sub-band signals cf the respective sub-band on the low band
side in which the index is sb-3 to sb are supplied to the
characteristic amcunt calculation circuit 203.

[0544)

The high band sub-band power calculation circult 202
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calculates high kand suk-band powers of the respective high
band sub-band signals supplied from the sub-band division
circuiﬁZOltxzbeoutputixzthecoefficientestimationcircuit
204.

The characteristic amount calculation circuit 203
calculates low band sub-band powers as the characteristic
amounts based on the low band sub-band signals supplied from
the sub-band division circuit 201 to be output to the
coefficlient estimation circuit 204.

[0545]

The ccefficient estimation circuit 204 performs
regression analysis using the high band sub-band powers
supplied from the high band sub-band pocwer calculation circuit
202 and the characteristic amounts supplied from the
characteristic amount calculation circuit 203, thereby
generating and outputting decoding high kband sub-band power
estimation coefficients.

[0546]
[Description of Coefficient Learning Processes]

Next, coefficient learning processes which are
performed by the coefficient learning apparatus 191 will be
described with reference to the flowchart of Fig. 39.
[0547]

In step S541, the sub-band division clrecuit 201 divides
plural supplied broadband instruction signals into plural
sub-band signals, respectively. In addition, the sub-band
division circuit 201 supplies high band signals ¢of sub-bands,
in which the index is sbk+l to eb, to the high band sub-band
power calculation circult 202 and supplies low band signals
of sub-bands, in which the index is sb-3 to sb, to the

characteristic amount calculation circuit 203.
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[0548]

The broadband instructicn signal supplied te the
sub-band division circuit 201 includes a plurality of musical
data which have different conditions such as the sampling
freguency. In addition, the broadband instruction signal is
divided according to the different conditions, for example,
is divided into the low band sub-band signals and high band
sub~band signals according to different band-limited
frequencies.

[0549]

In step 3542, the high band sub-band power calculation
circuit 202 performs the same calculation as that of the
above-described expression {1} with respect to the respective
highband sub-band signals supplied fromthe sub-banddivision
circult 201; and thus calculates high band sub-band powers
to be ocutput to the coefficient estimation circuit 204.
[0550]

In step 35543, the characteristic amount calculaticn
circuit 203 performs the same calculation as that of the
above~described expression {1} with respect o the reapective
low band sub-band signals supplied from the sub-band division
circuit 2C1; and thus calculates low band sub-band powers as
the characteristic amounts to be output to the coefficient
estimation circuit 204,

[0551]

As a result, with respect to the respective frames of
plural broadband instruction signals, the high band sub-band
powers and the low band sub-band powers are supplied to the
coefficient estimation circuit 204.

[0552]

In step 5544, the coefficient estimation circuit 204
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performs regression analysis using a least-squares mathod to
calculate the coefficients Aip(kbk) and Bipy for the respective
sub-bands ib (wherein, sb+1$ib$eb) cn the high band side in
which the index is sb+l to eb.
[0553]

Inthe regressionanalysis, the lowband sub-band powers

supplied from the characteristic amount calculation circuit

203 areset toexplanatoryvariables, and the highband sub-band

powerssuppliedfrmnthehighbandsub~baﬁdpowercalculation
circuit 202 are set to explained variables. In addition, the
regression analysis is performed using the low band sub-band
powers and the high band sub-band powers of all the frames,
which constitute all the broadband instruction signals
supplied to the coefficient learning apparatus 191.

[0554]

In step 3545, the coefficient estimation circuit 204
obtains residual vectors of the respective frames of the
broadband instructionsignals using the cbtainedcoefficients
A {kb} and Bjy, of the respective sub-bands ib.

[0555]

For example, the coefficient estimation circuit 204
subtracts the sumsbetween the sumtotal of the lowband sub~kband
powers power {kb, J) (wherein, sb~32kb<sb} whicharemultiplied
by the coefficients A (kb}; and the sum of the coefficients
Bin, from the high band sub~band powers power (ib, J} for the
respective sub-bands ib {(wherein, sb+li<ibgeb) of the frame
J, thereby calculating residual errors. Inaddition, vectors
including the residual errors of the respective sub-bands ib
of the frame J are set to the residual vectors.

[0556]

In addition, the residual vectors are calculated for
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all the frames, whichconstitute all the broadband instruction
signals supplied to the coefficient learning apparatus 191.
[0557]

In step 8546, the coefficient estimation circulit 204
clusters the residual vectors, obtained for the respective
frames, intc some clusters according to a k-means method or
the like.

[0558]

In addition, the coefficient estimation circuit 204
calculates central vectors of the clusters for the respective
clusters and calculates the distances between the central
vectors and the residual vectors of the clusters with respect
tothe residual vectors of therespective frames. Inaddition,
the coefficient estimationcircuit 204 specifies the clusters
belonging to the respective frames, based on the calculated
distances. Thet is, a cluster having a central vector, which
has the shortest distance with a residual vector of a frame,
is set to the cluster which belongs to the frame.

[0559]

In step $547, the coefficient estimation circuit 204
selects cne of the plural clusters, obtained by clustering,
as a process target cluster.

[0560]

In step 5548, the ccefficient estimation circuit 204
calculates the coefficients Aip{kb) and Biy of the respective
sub~bands ib (wherein, sb+l<ib<eb) by regression analysis
using a frame of a residual vector which belongs to the cluster
selected as the process target cluster.

[0581]
That is, when the frame of the residual vector which

belongs to the process target cluster is referred tc as the
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process target frame, the low band sub-band powers and the
high band sub-band powers of all the process target frames
are set to explanatory variables and explained varliables,
thereby performing the regression analysis using a
least-squares method. As a result, the coefficients A;,{kb)
and B:, are obtained for the respective sub-bands ib.
(65621

A ccefficilent table having the coefficients A (kb)) and
Bi;p of the respective sub-bands thus obtained are set to the
decoding high band sub-band power estimation coefficients and
accefficientindexisgiventothisdecodinghighbandsub-tand
power estimation coefficients.

[0563]

In step 8549, the coefficient learning apparatus 191
determines whether or not all the clusters are processes ag
theprocess targetcluster. InstepS549, whenitisdetermined
that all the clusters has yet to be processed, the process
returns to step 8547 and the above-described processes are
repeated. Thatis, thenextcluster is gselectedas theprocess
target and the decoding high band sub-band power sstimation
coefficients are calculated.

[0564]

On the other hand, in step $549, when it is determined
that all the clusters are processed, a predetermined number
of decoding high band sub~band power estimation coefficients,
which have been desired to be obtained, are cbtained.
Therefore, the process processes to step 5550.

[0565]

In step 5550, the ceoefficlent estimation circuit 204

cutputs the obtained coefficient index and the cobtained

decoding high band sub-band power estimation coefficients to
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an encoder cr a decoder to be recorded and the coefficient
learning processes end.
[0566]

In this way, the coefficient learning apparatus 191
produces the decoding high band sub-band power estimation
coefficients {(coefficlent takle) of the respesctive
coefficient indices from the zupplied breoadband instruction
signals tobeoutput. Inthisway, learningisperformedusing
plural brecadband instruction signals which have diffefent
conditions to produce a coefficient table; and as a result,
thesizeofarecordingareaofcoefficient tablescanbe reduced
and high band sub~band powers can be accurately estimated on
average.

[0567]

The serial process described above is perfcrmed by a
hardware and a software. When a serial process is performed
by the scftware, a program ccnstituted by the software is
installedtoacomputer incorporatedintocanindicatedscftware
or a general-purpose personal computer capable of executing
various functionsbyinstallingvarious programs fromaprogram
recording medium.

[0568]

Fig. 40 is block diagram illustrating a configuration
example of the hardware of a computer performing a series of
processes described above by the computer.

[0569]

In the computer, a CPU 501, a ROM {Read Only Memory)
502 and a RAM (Random Access Memory) 503 are connected each
other by a bus 504.

[0570]

In addition, an input/output interface 505 is connected
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to the bus 504. An input unit 506 including a key board, an
moizse a microphone and the like, an output unit 507 including
a disgplay, a speaker and the like, a storage unit 508 including
aharddiskornen-volatilememoryandthe like, acommunication
unit 509 including a network interface and the like, and a
drive 510 that drives a removable medium 511 of a magnetic
disc, anopticaidisc, amagneto-optical discandsemiconductor
memory and the like are connected to the input/cutput interface
505,

[0571]

In the computer configured as described above, for
example, the CPU 501 loads and executes the prcgram stored
in the storage unit 508 to the RAM 303 via the input/output
interface 505 and the bus 504 to perform a series of processes
described above.

[0572]

The program tc be executed by the computer (CPU 501),
for example, is reccrded in a removable medium 511 such as
a package medium inciuding & magnetic disk, (including a
flexible disc), an optical disc ((CD-ROM (Compact Disc—-Read
Only Memory)), DVD {(Digital Versatile Disc) and the like),
a magnetc-optical disc or a semiconductor memory, or is
provided via a wire or wireless transmission medium including
a local area network, an internet and a digital satellite
broadcasting.

[05733

In addition, the programcan be installed to the storage
unit 208 via the input/cutput interface 505 by mounting the
removablemedium5l1l tothedrive10. Inaddition, theprogram
is received in the communication unit 509 via the wire or

wireless transmissicn medium and can be installed to the
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storage unit 508. In addition, the program can be installed
in the ROM 502 or the storage unit 508 in advance.
[0574]

In addition, the program performed by the computer may
be a program where the process is performed in time seguence
according the sequence described in the specification and a
programwhere the process is performed inparallel or in timing
necessary when a call is made.

[0575]

In addition, the embodiment of the present invention
is not limited the embodiment described above and various
modificaticons is possible within a scope apart from a gist

of the present invention.

REFERENCE SIGNS LIST

[0576]

10 Freguency Band Expansion Apparatus
11 Low-pass filter

12 Delay Circuit

13, 13-1 to 13-N Band Pass Filter

14 Characteristic Amount Calculation Circuit
15 High Band Sub-Band Power Estimation Cilircuilt
16 High Band Signal Production Circuit

17 High-pass filter
18 Signal Adder

20 Ceoefficient Learning Apparatus

21, 21-1 to Z21-{K+N}- Band Pass Filter

22 High Band Sub-RBand Power Calculation Clrcuit
23 Characteristic Amount Calculation Circuit

24 Coefficient Estimation Circuit

30 Encederxr
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31 Low~-pass filter

32 Low Band Enceding Circuit

33 Sub-Band Division Circuit

34 Characteristic Amount Calculation Circuit

35 Fseudo High Band 3ub-Band Power Calculation Circuit
36 Pseudo High Band Sub-band Power Difference Calculation
Circuit

37 High Band Encoding Circuit

38 Multiplexing Circuit

40 Decoder

41 Demultiplexing Circuilt

42 Low Band Decoding Circuit

43 Sub~Band Division Circuit

44 Characteristic Amount Calculation Circuit

45 High Band Decoding Circuit

46 Decoded High Band Sub-Band Power Calculation Circuit
47 Decoded High Band Signal Production Circuit

48 Synthesis circuit

50 Coefficient Learning Apparatus

51 Low-pass filter

52 Sub-Band Divisicon Circuit

53 Characteristic Amount Calculation Circuit

54 Pseudo High Band Sub-Band Power Calculation Circuit
55 Pseudo High Band Sub-Band Power Difference Calculation
Circuilt

56 Pseudo High Band Sub-Band Power Difference Clustering
Circuit

57 Coefficient Estimation Circuit

101 CPU

102 ROM

103 RAM

156



104
105
106
107
108
109
110
111

Bus

Input/Cutput Interface
Input Unit

Output Unit

Storage Unit
Communication Unit
Drive

Removable Medium
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CLAIMS

1. A signal processing apparatus comprising:

a demultiplexing unit that demultiplexes input encoded
data to at least low band encoded data and coefficient
information;

a lowbanddecodingunit that decodes the lowband encoded
data to produce low band signals;

a selection unit that selects a coefficient table which
is obtained based on the coefficient information among a
plurality of coefficient tables used for the production of
high band signals and having coefficients for the respective
sub-bands on a high band side;

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce the coefficient table
or produces the coefficients of predetermined sub-bands based
onthe coefficients of some sub-bands toextend the coefficient
table;

a high band sub-band power calculation unit that
calculates high band sub-band powers of high band sub-band
signals of the regpective sub-bands constituting the highband
signals based on low band sub-band signals of the respective
sub-bandg constituting the low band signals and the extended
or rveduced coefficient fable; and

a high band signal production unit that produces the
high band signals based on the high band sub-band powers and
the low band sub-band sgignalsg,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
frequency than the highest £requency toextend the coefficient
table.
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2. The signal processing apparatus according to c¢laim 1,
wherein the extension and reduction wunit deletes the
coefficients of a sub-band, which has a higher frequency than
that of a sub-band having a highest frequency among sub-bands
of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.

3. A gignal processing method of a gignal processing
apparatus which includes

a demultiplexing unit that demultiplexes input encoded
data to at least low band encoded data and coefficient
information,

a lowband decoding unit that decodes the lowband encoded
data to produce low band signalsg,

a gelection unit that selects a coefficient table which
is cbtained based on the coefficient information among a
plurality of coefficient tables used for the production of
high band signalg and having coefficients for the regpective
sub-bands on a high band side,

an extension and reduction unit that deletes the
coefficients of gsome sub-bands to reduce the coefficient table
or produces the coefficients of predetermined sub-bands based
on the coefficients of some sub-bands to extend the coefficient
table,

a high band sub-band power calculation unit that
calculates high band sub-band powers of high band sub-band
signals of the respective sub-bands constituting the highband
signals based on low band sub-band signals of the respective
sub-bands constituting the low band signals and the extended
or reduced coefficient table, and

a high band signal production unit that produces the
high band signals based on the high band sub-band powers and
the low band sub-band signals,

the method comprising the steps of causing:

the demultiplexingunit todemultiplex the encodeddata;

the low band deccding unit to produce the low band
signals;

the selection unit to select the coefficient table;

the extension and reduction unit to reduce or extend
the coefficient table;

the high band sub-band power calculation unit to
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calculate the high band sub-band powers; and

the high band signal production unit to produce the high
band signals,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
ig included in the coefficient table and sets the duplicated
coefficients to coefficients of a gub-band having a higher
frequency than the highest frequency to extend the coefficient
table.

4. The signal processing method according to claim 3,
wherein the extension and reduction unit deletes the
coefficients of a sub-band, which has a higher frequency than
that of a sub-band having a highest frequency among sub-bands
of the high band sub-band gignals, from the coefficient table
to reduce the coefficient table.

5. A program causing a computer to execute processes
including the steps of:

demultiplexing input encoded data to at least low band
encoded data and coefficient information;

decoding the low band encoded data to produce low band
signals;

gselecting a coefficient table which is obtained based
onthecoefficient informationamongapluralityofcoefficient
tableg used for the production of high band signals and having
coefficients for the respective sub-bands on a high band side;

deleting the coefficients of some sub-bands to reduce
the coefficient table or generating the coefficients of
predetermined sub-bands based on the ccoefficients of some
gub-bands to extend the coefficient table;

calculating high band sub-band powers of high band
sub-band signals of the regpective sub-bands constituting the
high band signals based on low band sub-band signals of the
regpective sub-kands constituting the low band signals and
the extended or reduced coefficient table; and

generating the high band signals based on the high band
sub-band powers and the low band sub-band signals,

wherein the step of deleting the coefficients of some
sub-bands comprises the steps of:

duplicating the coefficients of a sub-band having a
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highest frequency which is included in the coefficient table;
and

setting the duplicated coefficients to coefficients of
a sub-band having a higher frequency than the highest frequency
to extend the coefficient table.

6. The program according to claim 5, wherein the step of
deleting the coefficients of some sub-bands comprises the step
of:

deleting the coefficients of a sub-band, which has a
higher frequency than that of a sub-band having a highest
freguency among sub-bands of the high band sub-band signals,
from the coefficient table to reduce the coefficient table.

7. A signal processing apparatus comprising:

a sub-band divigion unit that produces low band sub-kand
signals of a plurality of sub-bands on a low band side of an
input signal and high band sub-band signals of a plurality
of sub-bands on a high band side of the input signal;

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce a coefficient table
or produces coefficients of predetermined sub-bands based on
coefficients of some sub-bands to extend a coefficient table,
the coefficient table having the coefficients for the
respective sub-bands on the high band side;

a pseudo high band sub-band power calculation unit that
cailculates pseudo high band sub-band powers, which are
estimated values of powers of the high band sub-band signals,
for the respective sub-bands on the high band side based on
the extended or reduced coefficient table and the low band
sub-band signals;

aselectionunit that compares high band sub-band powers
of the high band sub-band signals and the pseudo high band
sub-band powexrs to each other and selects one of a plurality
of the coefficient tables; and

a production unit that produces data containing
coefficient information for obtaining the selected
coefficient table,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
is included in the coefficient table and sets the duplicated
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coefficients to coefficients of a sub-band having a higher
frequency than the highest frequency to extend the coefficient
table.

8. The signal processing apparatus according to claim 7,
wherein the extension and reduction unit deletes the
coefficients of a gsub-band, which has a higher frequency than
that of a sub-band having a highest frequency among sub-bands
of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.

9. A signal processing method of a signal processing
apparatus which includes

a sub-band divigionunit that produces low band sub-band
signals of a plurality of sub-bands on a low band side of an
input signal and high band sub-band signals of a plurality
of sub-bands on a high band side of the input signail,

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce a coefficient table
ox produces cocefficients of predetermined sub-bands based on
coefficients of some gub-bands to extend a coefficient table,
the coefficient table having coefficients for the respective
sub-bands on the high band side,

a pseudo high band sub-band power calculation unit that
calculates pseudo high band sub-band powers, which are
estimated values of powers of the high band sub-band signals,
for the respective sub-bands on the high band side based on
the extended or reduced coefficient table and the low band
sub-kand signals,

a selectionunit that compares high band sub-band powers
of the high band sub-band signals and the pseudo high band
sub-band powers to each other and selects one of a plurality
of the coefficient tables, and
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a production unit that produces data containing
coefficient information for obtaining the selected
coefficient table,

the method comprising the steps of causing:

the sub-band division unit to produces the low band
gub-band signals and the high band sub-band signals;

the extension and reduction unit to reduce or extend
the coefficient table;

the pseudo high band sub-band power calculation unit
to calculate the pseudc high band sub-band powers;

the selection unit to select the coefficient table; and

the production unit teo produce the data containing
coefficient information,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-kand having a higher
frequency than the highest frequency to extend the coefficient
table.

i0. The signal processing method according to claim 9,
wherein the extension and reduction unit deletes the
cecefficients of a sub-band, which has a higher frequency than
that of a sub-band having a highest frequency among sub-bands
of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.

11. A program causing a computer to execute processes
including the steps of:

generating low band sub-band signals of a plurality of
sub-~bands on a low band side of an input signal and high band
sub-band signals of a plurality of sub-bands on a high band
side of the input signal;

deleting the coefficients of gome sub-bands to reduce
a coefficient table or generating coefficients of
predetermined sub-bands based on coefficients of some
sub-bands to extend a coefficient table, the coefficient table
having coefficients for the respective gsub-bands on the high
band side;

calculating pseudo high band sub-band powers, which are
estimated values of powers of the high band sub-band signals,
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for the resgpective sub-bands on the high band side based on
the extended or reduced coefficient table and the low band
sub-band signals;

comparing high band sub-band powers of the high band
sub-band signals and the pseudo high band sub-band powers to
each other and selecting one of a plurality of the coefficient
tableg; and

generating data containing coefficient information for
obtaining the selected coefficient table,

wherein the step of deleting the coefficients of some
sub-bands comprises the steps of:

duplicating the coefficients of a sub-band having a
highest frequency which is included in the coefficient table;
and

setting the duplicated coefficients to coefficients of
a sub-band having a higher frequency than the highest frequency
to extend the coefficient table.

12. The program according to c¢laim 11, wherein the step of
deleting the coefficients of some sub-bands comprises the step
of:

deleting the coefficients of a sub-band, which has a
higher frequency than that of a sub-band having a highest
freguency among sub-bands of the high band sub-kand signals,
from the coefficient table to reduce the coefficient table.

i3. A decoder comprising:

a demultiplexing unit that demultiplexes input encoded
data to at least low band encoded data and coefficient
information;

a lowband decodingunit that decodes the lowband encoded
data to produce low band signals;

a selectionunit that selects a coefficient table which
is obtained based on the coefficient information among a
plurality of coefficient tables used for the production of
high band signals and having coefficients for the respective
sub-bands on a high band side;

an extengion and reduction unit that deletes the
coefficients of gsome sub-bands toreduce the coefficient table
or produces the coefficients of predetermined sub-bands based
onthe coefficients of some sub-bands to extend the coefficient

164



10

15

20

25

30

35

40

table;

a high band sub-band power calculation unit that
calculates high band sub-band powers of high band sub-band
signals of the respective sub-bands constituting the highband
signals based on low band sub-band signals of the respective
sub-bands constituting the low band signals and the extended
or reduced ccefficient table;

a high band signal production unit that produces the
high band signals based on the high band sub-band powers and
the low band sub-band signalsg; and

a synthesis unit that synthesizes the low band signal
and the high band signal with each other to produce an output
signal,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest freguency which
ig included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
frequency than the highest frequency to extend the coefficient
table.

14. The decoder according toclaim 13, wherein the extension
and reduction unit deletesg the coefficients of a sub-hand,
which has a higher frequency than that of a sub-band having
a highest frequency among sub-bands of the high band sub-band
signals, from the coefficient table to reduce the coefficient
table.

1i5. A decoding method of a decoder which includes

a demultiplexing unit that demultiplexes input encoded
data to at least low band encoded data and coefficient
information,

a lowband decodingunit that decodes the lowhand encoded
data to produce low kand signals,

a gselection unit that selects a coefficient table which
ig obtained based on the coefficient information among a
plurality of coefficient tabkles used for the production of
high band signals and having coefficients for the regpective
sub-kands on a high band side,

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce the coefficient table
or produces the coefficients of predetermined sub-bands based
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on the coefficients of gsome sub-bands toextend the coefficient
table,

a high band sub-kand power calculation unit that
calculates high band sub-band powers of high band sub-band
gignalsg of the respective sub-bands constituting the high band
gignals based on low band sub-band signals of the respective
sub-bands constituting the low band signals and the extended
or reduced coefficient table,

a high band signal production unit that produces the
high band signals based on the high band sub-band powers and
the low band sub-band signrals, and

a synthesis unit that synthesizes the low band signal
and the high band signal with each other to produce an output
gignal,

the method comprising the steps of causing:

thedemultiplexingunit tedemultiplex the encodeddata;

the low band decoding unit to produce the low band
gignals;

the selection unit to select the coefficilent table;

the extension and reduction unit to reduce or extend
the coefficient table;

the high band sub-band power calculation unit to
calculate the high band sub-band powers;

the high band signal production unit to produce the high
band signals; and

the synthesis unit to produce the output signal,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest fregquency which
ig included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
freguency than the highest frequency to extend the coefficient
table.

16. The decoding method according to claim 15, wherein the
extension and reduction unit deletes the coefficients of a
sub-band, which hasg a higher frequency than that of a sub-band
having a highest frequency among sub-bands of the high band
sub-~band signals, from the coefficlent table to reduce the
coefficient table.
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17. An encoder comprising:

a sub-banddivisionunit that produces low band sub-band
signals of a plurality of sub-bands on a low band side of an
input signal and high band sub-band signals of a plurality
of sub-bands on a high band side ¢f the input signail;

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce a coefficient table
or produces coefficients of predetermined sub-bands based on
coefficients of some sub-bands to extend a coefficient table,
the coefficient table having coefficients for the regpective
sub-bands on the high band side;

a pseudo high band sub-band power calculation unit that
calculates pseudo high band sub-band powers, which are
estimated values of powers of the high band sub-band signals,
for the respective sub-bands on the high band side based on
the extended or reduced coefficient table and the low band
gub-band signals;

aselectionunit that compares high band sub-band powers
of the high band sub-band signals and the pseudo high band
sub-band powers to each other and selects one of a plurality
of the coefficient tables;

a high band encoding unit that encodes coefficient
information for obtaining the selected coefficient table to
produce high band encoded data;

a low band encoding unit that encodes low band signals
of the input signal to produce low band encoded data; and

amultiplexingunit thatmultiplexes the lowbandencoded
data and the high band encoded data to produce an output code
string,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher
frequency than the highest frequency to extend the coefficient
table.
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18. The encoder according toclaim 17, wherein the extension
and reduction unit deletes the coefficients of a sub-band,
which has a higher frequency than that of a sub-band having
a highest frequency among sub-bands of the high band sub-band
signals, from the coefficient table to reduce the coefficient
table.

19. An encoding method of an encoder which includes

a sub-banddivisionunit that produces low band sub-band
signals of a plurality of sub-bands on a low band side of an
input signal and high band sub-band signals of a plurality
of sub-bandsg on a high band side of the input signal,

an extension and reduction unit that deletes the
coefficients of some sub-bands to reduce a coefficient table
or produces coefficients of predetermined sub-bands based on
coefficients of some sub-bands to extend a coefficient table,
the coefficient table having coefficients for the respective
sub-bands on the high band side,

a pseudo high band sub-band power calculation unit that
calculates pseudo high band sub-band powers, which are
egstimated values of powers of the high band sub-band signals,
for the respective sub-bands on the high band side based on
the extended or reduced coefficient table and the low band
gub-band signals,

a selectionunit that compares high band sub-band powers
of the high band sub-band signals and the pseudo high band
sub-band powers to each other and selects one of a plurality
of the coefficient tables,

a high band encoding unit that encodes coefficient
information for obtaining the selected coefficient table to
produce high band encoded data,

a low band encoding unit that encodes low band signails
of the input signal to produce low band encoded data, and

amultiplexingunit thatmultiplexes the lowbandencoded
data and the high band encoded data to produce an output code
string,

the method comprising the steps of causing:

the sub-band division unit to produces the low band
sub-band signals and the high band sub-band signals;

the extension and reduction unit to reduce or extend
the coefficient table;
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the pseudo high band sub-band power calculation unit
to calculate the pseudo high band sub-band powers;

the selection unit to select the coefficient tabkle;

the high band encoding unit to produce the high band
encoded data;

the lowband encodingunit to produce the lowband encoded
data; and

the multiplexingunit to produce the output code string,

wherein the extension and reduction unit duplicates the
coefficients of a sub-band having a highest frequency which
is included in the coefficient table and sets the duplicated
coefficients to coefficients of a sub-band having a higher

frequency than the highest frequency to extend the cecefficient
table.

20. The encoding method according to ¢laim 19, wherein the
extension and reduction unit deletes the coefficients of a
gub-band, which has a higher frequency than that of a sub-band
having a highest frequency amcong sub-bands of the high band
sub~band signals, from the ccoefficient table to reduce the
coefficient table.
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SIGNAL PROCESSING APPARATUS AND SIGNAL PROCESSING METHOD,
ENCODER AND ENCODING METHOD, DECODER AND DECODING METHOD, AND
PROGREM

ABSTRACT

The present invention relates to a signal processing
apparatus and a signal processing method, an encoder and an
encoding method, a decoder and a decoding method, and a program
capable of reproducing music signal having a better sound
quality by expansion of frequency band.

A high band decoding circuit decodes high band encoded
data outputs a coefficient table having coefficients for the
respective high band sub-bands, which are specified by a
coefficient indexobtainedasaresult of decoding. Adecoding
high band sub-band power calculation circuit calculates
decoded high band sub-band powers for the resp.ective high band
sub-bands based on lowband signals and the coefficient table,
and a decoded highband signal productionunit produces decoded
highband signals from these decoded high band sub-band powers.
At this time, an extension and reduction unit newly produces
or deletes coefficients of the coefficient table for the
respective sub-bands to correspond to the number of sub-bands
of the calculated decoded high band sub-band powers, thereby
to extend or reduce the co@fficiént table. The present

invention can be applied to a decoder.

Figure 35
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