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DESCRIPTION
SIGNAL PROCESSING APPARATUS AND SIGNAL PROCESSING METHOD,
ENCODER AND ENCODING METHOD, DECODER AND DECODING METHOD, AND
PROGRAM

TECHNICAL FIELD
[00C1]

The present invention relates to a signal processing
apparatus and a signal processing methed, an encoder and an
encedingmethod, a decoder andadecodingmethoed, and aprogram,
and more particularly to a signal processing apparatus and
a signal processing methed, an encoder and an encoding method,
a decoder and a decoding methed, and a program for reproducing
a music signal with improved sound guality by expansion of

a frequency band.

BACKGROUND ART
[6o0z]

Recently, musicdistribution services for distributing
music data via the internet have been increased. The music
distribution service distributes, as music data, enccded data
obtained by encoding a music gignal. As an enceding method
of the music signal, an enceding method has been commonly used
in which the encoded data file size ig suppressed to decrease
a bit rate so as to save time during download.

[0003]

Such an encoding method of the music signal is breadly
divided into an encoding method such as MP3 (MPEG (Moving
Picture Experts Group) Audiolayers 3) {(International Standard
ISO/IEC 11172~3) and an encoding method such as BE-AAC {High
Efficiency MPEG4 AAC) {International Standard IS80/IEC
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14496~3) .
(00047

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

the signal component of the remainder. Therefore, the

.encoding methed is referred to as a high band cancelation

encoding method. This kind of highband cancelaticn encoding
method can suppress the file size of encoded data. However,
since sound in a high band can be perceilved slightly by human,
if sound is produced and output from the deccded 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 sound gquality detericration such a blur of sound
occurs.

[0005]

Unlike this, the encoeding method represented by HE-AAC
extracts specific informaticon from a signal component of the
high band and encodes the information in conjunction with a
gsignal component cof the low band.. The encoding method is
referredtobelowas a highbandcharacteristicencodingmethod.
Since the high band characteristic encoding method encodes
only characteristic infeormation of the signal component of
the high band as information on the signal component of the
high band, deterioration of scund quality is suppressed and
encoding efficiency can be impreved.

[0006]
In decoding data encoded by the highband characteristic

encoding method, the signal component of the low band and
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characteristic information are deccded 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 freguency
band of the signal component of the high band by producing
a signal component of the high band from signal component of
the low band is referred to as a band expansion technelogy.
[0007] _

As an application example of a band expansion method,
after decoding of data encoded by a high band cancelation
encoding methed, & 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 freqguency band of the signal component
of the low band (see Patent Document 1}. The method of
freguency band expansion of the related art is referred below
to as a band expansion method of Patent Document 1.

10008}

In & 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.

[0009]

Fig. 1 illustrates an example of a power spectrum of
thelowbandafterthedecodingasaninput signal anda fregquency
envelope of an estimated high band.

[0C10]
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In Fig. 1, the vertical axis illustrates a power ag a
logarithm and a horizontal axis illustrates a freguency.
(0011}

The apparatus determines the band in the low band of
the signal component of the high band (hereinafter, referred
to 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 toc as side
information). Next, the apparatus divides the input signal
as signal component of the lowband intoaplurality of sub~band
signals. The apparatus obtains a plurality of sub-band
signals after divisicn, that is, an average cf respective
groups {hereinafter, referred to as a group powér) in a time
direction of each power of a plurality of sub-band signals
of alowbandsidelower thantheexpansionstartbandiscbtained
(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 freguency is a starting point. The apparatus
estimates a primary straight line of a predetermined slope
passing through the starting peint as the frequency envelope
of the high band higher than the expansion start band
(hereinafter, simply referred to as a high band side). 1In
addition, apositioninapower directionof the starting point
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 envelcpe of the high band side.

The apparatus adds & plurality of the prcduced signals of the
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sub-band of the high band side {0 each other intc the signal
components of the high band and adds the signal components
of the low band to each cther to output the added signal

components. Therefeore, the music signal after expansicn of
the frequency band is close to the origiral music signal.
However, it is possible to produce themusic signal of a better
gquality.

[0012]

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 encoeded data of various bit rates.

CITATION LIST

PATENT DOCUMENT

[0013]

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

2008-139844

SUMMARY OF THE INVENTION
PROBLEMS TC BE SQLVED BY THE INVENTION
(0014}

Accordingly, the band expansion method disclosed in
Patent Document 1 may be improved in that the estimated
freguency envelope of a high band side is a primary straight
line of apredetermined slope, that is, a shape of the frequency
envelope is fixed.

[G015]
In other words, the power spectrum of the music signal

has various shapes and the music signal has a lot of cases
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where the frequency envelope of the high band side estimated
by the band expansion method disclosed in Patent Document 1
deviates considerably.
[0016]

Fig. 2 illustrates an example of an c¢riginal power
spectrumof an attackmusicsignal (attackmusic signal) having

a rapid change in time as a drum is strongly hit once.

- {0017}

In addition, Fig. 2 also illustrates the frequency
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.
(00187

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

(o019}

Unlike this, the estimated frequency envelope of the
high band side has a predetermined negative slope and even
i€ the frequency_is adjusted to have the power close to the
original power spectrum, difference between the power and the
original power spectrumnbecomes large as the frequency beccmes
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 fromthemusicsignal after the expansionocf the freguency

band is produced and cutput, clarity of the sound in auditory
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is lower than the original sound.
[0021]

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

[0022]

The present invention has been made in a consideration

of such a circumstance and provides a music signal having a

petter sound guality by expanding a frequency band.

SOLUTIONS TC PROBLEMS
[0023]
Asignalprocessingapparatusaccordingtoa firstaspect
of the present inventicn includes: a demultiplexing unit that
demultiplexes input encoded data to at least low band encoded
data and coefficient information; a low band deccding unit
that decodes the low band encoded data to produce low band
signals; a selection unit that selects a coefficient table
which is obtained hased 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 tc reduce the
coefficient table or produces the coefficients of
predetermined sub=-bands based on the coefficients of some
sub~-bands toextend the coefficient table; ahighband sub~-band

power calculation unit that calculates high band sub-band
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powers cf high band sub-band signals of the respective
sub-bands constituting the high band signals based on lowband
sub-band signals of the respective sub-bands constituting the
lowband 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.
00241

Tﬁe extension and reduction unit may duplicate the
coefficients of a sub-band having a highest frequency which
iz included in the coefficient table and set the duplicatad
coefficients to coefficients of a sub-band having a higher
freguency than the highest frequency to extend the coefficient
table.
(00251

The extension and reduchion unit may delete the
coefficients of a sub-band, which has a higher freguency than
that of a sub-band having a highest freguency among sub-bands
of the high tand sub-band signals, from the coefficient tabkble
to reduce the coefficient table.
(00261

L signal processing method or a program according to
the first aspect of the invention includes the steps of
demultiplexing input encoded data to at least lowband encoded
dataandcoefficient information; deceding the lowbandencoded
data toproduce lowband signals; selectingacoefficient table
which is obtained based on the coefficient information among
a plurality of coefficient tabkles used for the preduction 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 cr generating
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the coefficients of predetermined sub-bands based on the
coefficientsof some sub-bands toextendthecoefficient table;
calculating 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-kbands constituting the low band signals and the extended
or reduced ceoefficient table; and generating the high band
signals based on the high band sub-band powers and the low
band sub-band signals.

[Q027]

According to the first aspect of the invention, input
encoded data is demultiplexed to at least low band encoded
data and coefficient information; the low band encoded data
is decoded to produce low band signals; a coefficient table
which 1s obtained based on the coefficient information is
selected 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 some sub~bands are deleted to reduce the coefficient table
or the cecefficients of predetearmined sub-bands are produced
based on the coefficlents of some sub-bands to extend the
coefficient table; high band sub-band powers of high band
sub~band signals of the respective sub~bands constituting the
high band signals are calculated based cn low band sub-band
signals of the respective sub+-bands constituting the lowband
signals and the extended cor 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]
& signal processing apparatus according to a second

aspect of the present invention includes: a sub-band divisiocn
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unit that preduces 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
pand 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 respsctive 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 takle and the low band
sub-band signals; a selection unit that compares high band
sub-bandpowers of the highband sub-band signals and the pseudo
high band sub-band powers to each other and selects cne of
a plurality of the coefficient tables; and a preoduction unit
that produces data containing coefficient information for
obtaining the selected coefficient table.

[0029]

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

[G030]

The extension and reduction unit may delete the

coefficients of a sub-band, which has a higher frequency than

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

10
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of the high band sub-band signals, from the coefficient table
to reduce the coefficient table.
(00311

A signal processing method or a program according to
the second aspect of the invention includes 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 kand
side of the input signal; deleting the coefficients of some
sub-bands to reduce a cocefficient table or generating
coefficients of predetermined sub-bands basedoncoefficients
of some sub-bkands to extend a coefficient table, the
coefficient table having the coefficients for the respective
sub-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, for the respective sub-bands on
the high band side based on the extended or reduced coefficient
table and the low band sub-bkand signals; comparing high band
sub~bandpowers of the highband sub-bandsignals and the pseudo
high band sub-band powers to each other and selecting cne of
a plurality of the coefficient tables; and generating data
containingcoefficient information for cbtaining the selected
coefficient table.

[0032]

According to the second aspect of the invention, 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 are produced; the cecefficlients of some sub-bands are
deleted to reduce a coefficlent table or coefficients of

predetermined sub-bands are produced based on coefficients

11
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of scme sub-~bands to extend a ceoefficient 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 reduced
coefficient table and the low band sub-band signals; high band
sub-band powers of the high band sub-band signalsand the pseudo
high band sub-band powers are compared to each other and one
of aplurality of the coefficient tables is5 selected; and data
containing coefficient information for obtaining the selected
coefficient table is produced.

[0033]

A decoder accoerding te a third aspect of the present
invention 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 low band encoded data to produce low band signals; a
selection unit that selects a coefficient table which is
ocbtainedbasedonthe coafficient informationamongaplurality
of coefficient tables used for the producticon of high band
signals and having coefficients for the respective sub-bands
onahighband side; anextensionandreductionunit thatdeletes
the coefficients of scme sub-bands to reduce the coefficient
table or produces the coefficients of predetermined sub-bands
based on the ccefficients of some sub-bands toc extend the
coefficient table; a highband sub~band power calculaticnunit
that calculates highband sub-band powers of highband 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

12
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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 cutput signal.
[0034]

A decoding method according to the third aspect of the
inventicn includes the steps of demultiplexing input encoded
data to at least low band encoded data and coesfficient
informaticn; decoeding the low band encoded data to produce
low band signals; selecting a cosfficient table which is
cbtainedbasedonthecoefficient informaticnamongaplurality
of coefficient tables used for the production of high band
signals and having coefficients for the respective sub-bands
onahighbandside; deletingthecoefficients of scme sub-bands
toreduce the coefficient table or generating the coefficients
of predetermined sub-bands based on the coefficients of some
sup-bands to extend the coefficient table; calculating high
band sub-bkand powers of high kand sub-kand signals of the
respective sub-bands constituting the highband signals based
on low band sub-band signals of the respectlive sub-bands
constituting the low band signals and the extended or reduced
coefficient table; generating the high band signals based on
the highband sub-band powers and the lowband sub-band signals;
and synthesizing the low band signal and the high band signal
with each other to produce an output signal.

[C035]

According to the third aspect of the invention, input
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 coefficient table

13
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which is obtained bkased on the coefficient information is
selected among a plurality of coefficient tables used for the
production of high band signals and having coefficients for
the respective sub-bands ona highband side; the coefficients
cof some sub-bands are deleted to reduce the coefficient table
or the coefficients of predetermined sub-bands are produced
based on the coefficients of scme sub-bands to extend the
coefficient table; high band sub-band powers of high band
sub-band signals of the respective sub-bands constituting the
high band signals 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 highbkand signal are synthesized with each other
te produce an output signal.
(00361

An enceder accerding to a fourth aspect of the present
invention includes: & sub-band division unit that produces
low band sub-band signals of a plurality cf sub-bands on a
low band side of an input signal and high band sub-band signals
of & 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 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 pseude 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

14
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the highband side based on the extended or reduced coefficient
taple 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 coefificient information
for obtaining the selected coefflcient table to produce high
band encoded data; a low band enceding 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 high band encoded data toproduce an output
code string.

[6037]

An encoding method according the fourth aspect of the
invention includes the steps of generating low band sub-band
signals of & plurality of sub-kands on a low band side of an
input signal and high band sub-band signals of a plurality
ofsubwbandsonxahighbandsidecﬁfthegnputsignal;deleting
the coefficients of some sub-bands to reduce a coefficient
table or generating coefficients of predetermined sub-bands
basedoncoefficients of some sub-bands toextendacoefficient
table, the coefficient table having coefficients for the
respective sub-bands on the high band side; calculating pseudo
highband sub-bandpowers, whichareestimatedvalues of powers
of the highband sub-band signals, for the respective sub-bands
on the high band side based on the extended or reduced
coefficient table and the lowband 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 tables;

encoding ceefficient information for cbtaining the selected

15
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coefficient table to produce high band encoded data; encoding
lowband signals of the input signal to produce lLowband encoded
data; and multiplexing the low band encoded data and the high
band encoded data to produce an output code string.
(00387

According to the fourth aspect of the invention, low
band sub-band signals cf a plurality cf 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 a coefficlent table or coefficients 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; 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 reduced
coefficient table and the low band sub~band signals; high band
sub-bandpowers of the highband 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 is encoded toproduce highband enccdeddata;
low band signals of the input signal are encoded to produce
low band encoded data; and the low band encoded data and the
high band encoded data are multiplexed to produce an ocutput

cede string.

EFFECTS OF THE INVENTION
[0039]

16
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According to the first embodiment to the fourth
embodiment,jﬁ:ispossibletx>reproducermuﬁxﬁsignalwit&1high

sound gquality by expansicn of a frequency band.

BRIEF DESCRIPTION OF DRAWINGS
[0040]

Fig. 1 is a viewan example of illustrating in an example
of a power spéctrumocf a lowband after decoding an input signal
and a frequency envelope of a high band estimated.

Fig. 2 ig a view illustrating an example of an original
power spectrum of music signal of an attack according to rapid
change in time,

Fig. 3 is a block diagram illustrating a functional
configuration egample of a frequency band expansion agparatus
in a first embodiment of the present invention.

Fig. 4 is a flowchart illustrating an example of a
freguency band expansionprocess by a freqguency band expansion
apparatus in Fig. 3.

Fig. 5 is a view illustrating arrangement of a power
spectrum of signal input to a frequency band sexpansion
apparatus in Fig. 3 and arrangement on a frequency axis of
a band pass filter.

Fig. 6 1s a view 1llustrating an example illustrating
fregquency characteristics of a vocal region and a power
spectrum of a high band estimated.

Fig. 7 is a view illustrating an example of a power
spectrum of signal input tec a frequency band expansicn
apparatus in Fig. 3.

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

Fig. 9 is a block diagram illustrating a functional

17
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configuration example of a coefficient learning apparatus for
performing learning of aceoefficient usedinahighband signal
production circuit of a freguency 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 decoder in a second embodiment of
the present invention.

Fig. l4isa flowchartdescribinganexample of a decoding
processing by a decoder in Fig. 13.

Fig. 15 is a block diagram illustrating a functional
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
nigh band sub-band power estimation coefficient used inahigh
band decoding circuit of decoder in Fig. 13.

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

Fig. 17 is & view 1llustrating an example of an encoded
string to which an encoder in Fig. 11 is output.

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

Fig. 1l9isaflowchartdescribingofencoedingprocessing.

18
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Fig., 20 is a block diagram illustrating a functional
configuration example of a decoder.

Fig. 21 is a flowchart describing a decoding process.

Fig. 22 is a flowchart describing an encoding process.

Fig. 23 is a flowchart describing a decoding process.

Fig. 24 is a flowchart describing an encoeding process.

Fig. 25 is a flowchart describing an enceding process.

Fig. 26 is a flowchart describing an enceding process.

Fig. 27 is a flowchart describing an encoding process.

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

Fig. 29isa 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 illustrating the reduction of a
coefficient table.

Fig. 33 is a block diagram illustrating a functicnal
configuration example of an encocder.

Fig. 34 is a flowchart describing an encoding process.

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

Fig. 36 is a flowchart describing a decoding process.

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

Fig. 38 is a view 1llustrating a configuration example
of a coefficient learning apparatus.

Fig. 39 is a flowchart describing a coefficient learning
process.

Fig. 40 is a block diagram illustrating a configuration

19
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example of hardware of a computer executing a process to which

the present invention is applied by a program.

MCDE FOR CARRYING OUT THE INVENTION
[0041]

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

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

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

2, Thirdembodiment {whenacoefficient indexisincluded
in high band encoded data)

4, Fourth embodiment (when a difference between
coefficient index and a pseudo high band sub-band power is
included in high band encoded data)

5, Fifthembodiment {(whenaccocefficient indexisselected
using an estimation value)}.

6. Sixth embodiment (when a portion of a coefficient
18 commoens)

7. Seventh Embodiment (In Case Where Coefficient Table
is Extended or Reduced)

8. BEighthEmbodiment (InCaseWhere Learningis Performed
Using Broadband Instruction Signals Having Different
Conditicns}

[0042]
<l. First Embodiment>

Inafirst embodiment, aprocess that expands a frequency

band (hereinafter, referred to as a frequency band expansicn

process) is performed with respect to a signal component of
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a low band after decoding obtained by decoding encoded data
using a high cancelation encoding method.

(0043}

[Functional ConfigurationExample of Frequency Band Expansiocon
Apparatus]

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
frequency 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 cutputs the signal after the
frequency band expansion process cbtained by the result as
an output signal.

[0045]

The freguency band expansion apparatus 10 includes a
low-pass filter 11, a delay circuit 12, & 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.

[00486]

The low-pass filter 11 filters an input signal by a
predetermined cut off freguency and supplies a lowband 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 clrcuit 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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to each other, it delays the low signal component only a certain
time and the low signal component is supplied to the signal
adder 18.

[06048]

The band pass filter 13 includes band pass filters 13-1
to 13-N having pass bands different fromeach other. The band
pass filter 13-1(<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
amount calculation circuit 14 and the high band signal
production circult 16.

[00491]

The characteristic amount célculation clircuit 14
calculates cne ormore characteristicamounts byusingat least
any one of aplurality 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
estimaticon circuit 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 kand sub-band power
which is a power of the high band sub-~band signal for each
high band sub~band based on one or more characteristic amounts
from the characteristic amount calculation circuit 14 and
supplies the calculated estimation value to the high band
signal production circuit 16.

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

high band signal component which is a signal component of the
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high band 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
component to the high-pass filter 17.

[0052]

The high-pass filter 17 filters the high band signal
component fromthe highband signal producticoncircuit léusing:
a cut off frequency correspoending to the cut off frequency
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 kand signal component
from the delay circuit 12 and the high band signal component
from the high-pass filter 17 and cutputs the added components
as an output signal.

[0054]

In addition, in a configuraticon in Fig. 3, in order to
obtain a sub-band signal, the band pass filter 13 is applied
but iz not limited thereto. For example, the band division
filter disclosed in Patent Document 1 may ke applied.
[0055]

In addition, likewise, in & configuration in Fig. 3,
the signal adder 18 is applied inorder tosynthesize a sub-band
signal, but - is not limited thereto. For example, a band
synthetic filterdisclosed in Patent Document 1 maybe applied.
[0056]

[Frequency Band Expansion Process of Frequency Band Expansion
Bpparatus]
Next, referring to a flowchart in Fig. 4, the fregquency

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.

[ocs81

The low-pass filter 11 can set an opticnal frequency
as the cutoff frequency. However, in. an embodiment of the
present invention, the low-pass filter can set {o correspond
a frequency of a low end of the expansion start band by setting
a predetermined frequency as an expansion start band described
blow. Therefore, the low-pass filter 11 supplies a low band
signal component, which is a signal ceomponent of the lower
band than the expansion start band to the delay circuit 12
as a signal after filtering.

[0059]

In addition, the low-pass filter 11 can set the optimal
frequency as the cutoff freguency in response to the encoding
parameter such as the high band cancelation encoding method
or abit rate and the like of the input signal. As the encoding
parameter, for example, side informaticn employed in the band
expansicn method disclosed in Patent Document 1 can be used.
[0C60]

In step S2, the delay circuit 12 delays the low band
signal compcnent only a certain delay time from the low-pass
filter 11 and supplies the delayed low band signal component
to the signal adder 18.

[0061]
In step $3, the band pass filter 13 (band pass filters

13-1 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 division to the characteristic amount
calculation circuit 14 and the high band signal production
circuit 16. Inaddition, the process cf division of the input
signal by the band pass filter 13 will be described below.
[00ez]

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

[0063]

In step 85, 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 suppliss the calculated estimation value to the
highband signal preductioncircuit 16 fromthe characteristic
amount calculation circult 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 pewer estimation circuit 15
will be described below in detail.

[00e4]

Iin step S6, the high band signal production circuit 16
produces & high kand signal component based on é plurality
cf 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 circult 15 and
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supplies the produced high band signal component to the
high-pass filter 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
production circuit 16 will be described below in detail.
[0065]

In step 87, 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 filtering the high band signal
component from the high band signal production circuit 16 and
supplies the high band signal component tc the signal adder
18.

[0066]

In step 88, a signal adder 18 adds the low band signal
component from the delay circuit 12 and the high band signal
component fromthe high~pass filter 17 toeach other andoutputs
the added components as an cutput signal.

[0Ge7]

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

[0068]

Next, a description for each process of step 33 to 56
of the flowchart in Fig. 4 will be described.
[0069]

[Descripticn of Process by Band Pass Filter]

First, a description of process by the band pass filterxr
13 in step S3 in a flowchart of Fig. 4 will be described.
[0070]

In addition, for convenience c¢f the explanation, as
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described below, it is assumed that the number N c¢f the band
pags filter 13 1is N = 4.
[0071]

For example, 1t is assumed that one of 16 sub-bands
obtained by dividing Nyguist freguency of the input signal
into 16 parts 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 filters 13-1 to 13-4.
[0G727

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

(00731

As illustrated in Fig. 5, if it is assumed that an index
cf the first sub-~band from the high band cf the freguency band
(sub—-band) 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-band is sh~-{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 band lower than the expansion

initial band as the pass band.

(00741

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 Nyguist 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 fregquency cof 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
Clrcuit]

Next, a description of a process by the characteristic
amount calculation c¢ircuit 14 in step 54 of the flcowchart in
Fig. 4 will be described. 4
[GQ7¢]

The characteristic amcunt 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
pass filter 13 and the input signal.

[C077]

In more detail, 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~band 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-band power estimatiocn circuit 15.

[0078]

In cther 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 Egquation (1). Herein, ib is an index of
the sub-band, and n is expressed as index 0f discrete time.
In addition, the number of a sample of cne frame is expressed
as FSIZE and power is expressed as decibel.

100791
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[Equation 1]

{J+DFSTZE1
power (ib, J) = 10 fogl0 Y x{ib.my? | AFSIZE
n=J%xFSIZE

(sh—3<ib<sb)
ce e (1)

[0C80]

Accordingly, the low band sub-band power power (ib, J)
obtained by the characteristic amcount calculation circuit 14
is supplied to the high band sub-band power estimation circuit
1% as the characteristic amount.

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

Next, adescriptionof aprocess by the highband sub-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 sb+l, based on
4 sub-band powers supplied from the characteristic amount
calculation circuit 14.

[0083]

That is, if the high band sub-band power estimation
circuit 15 considers the index of the sub-band of maximum band
of the frequency expansion band to be eb, (eb-sb) sub-band
power 1s estimated with respect to the sub-band in which the

index is sb+l to eb.
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[0084]

In the freguency expansion kband, the estimation value
power.s: (ib, J) of sub-band power of which the index is ib is
expressed by the follewing Equation {2) using 4 sub-band power
power{ib,J) supplied from the characteristic amount
calculation circuit 14.

[0085]

{Equation 2]

sh

power o (ib, J) = (kb___}éw [A;, (kb) power (kb, J)}) +Biy,

(JHFSIZESn < (J+1) FSIZE—1, sb+1<ib<eb)
(2)

[o08e]

Herein, in Eqguation (2}, coefficients A {kb), and Big
are coefficients having value different for respective
sub-band ib. Coefficients A;n(kb), By are coefficients set
suitably to obtain a suitable value with respect to various
input signals. Inaddition, Coefficients A, {kb), Bivarealso
charged to an optimal value by changing the sub-band sb. A
deduction of A {kb}, By will be described below.

(00871

In Egquation (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-bkand 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-kband powers of frames before
and after the time frame J, and may be calculated using a
nonlinear function.

[0088]
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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
production circuit 16 will be described.

(00891
[Descriptionof ProcessbyHighBand Signal ProductionCircuit]

Next, a description will be made of process by the high
band signal production circuit 16 in step 5S¢ of a flowchart
in Fig 4.

[00801

The high band signal production circuit 16 calculates
the low band sub-band power power {ib, J) of each sub-band based
on Equation (1} described above, from a plurality of sub-band
signals supplied from the band pass filter 13. The high band
signal production circuit 16 cbtains a gain amount G(ib,J)
by Eguation 3 described below, using a plurality of low band
sub-band powers power {ib, J) calculated, and an estimation
valuepowere s (1b, J) of thehighband sub~bandpower calculated
based on Equation {2) described above by the high band sub-band
power estimation circuit 15.

[0091]
[Equation 3]

G(ib J) = 10{(;}0%?&32{;&\” ~power (s, (ib), 4)).~20}

(JHFSTZESn < (J+1) FSIZE—1, sb+1<ib<eh)
e (8)
[00921
Herein, in Equation (3}, sbmna.p (ib}shows the index of
the sub-band of an criginal map of the case where the sub-band
ik is considered as the sub-band of an original map and is

expressed by the following Eqgquation 4.
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[G093]
[Equation 4]

Sbyag (ib) = ib—4INT &X%l+1

(sh+1<ib<eb)

= {4)
[0094]
5 Inaddition, in Equation (4), INT {(a) is a functionwhich
cut down a decimal point of value a.
[0085]
Next, the high band signal production circuit 16 calculates
the sub-band signal x2 (ib,n) after gaincentrol bymultiplying
10 the gain amount G{ib,J) obtained by Eguation 3 by an ocutput

of the band pass filter 13 using the following Eguation (5).
{008e6]

[Equation &]

x2 (ib,n) = G(ib, J) x(8bye, (b}, 1)
(JHFSIZE<n < (J+1) FSIZE-1, sb+1<ib<eh)

- (B)
15 [0097]

Further, the high band signal production circuit 16
calculates the sub-band signal x3(ib, n) after thegaincontrel
which is cosine-transferred from the sub-band signal xZ (ib,
n} after adjustment of gain by performing cosine transfer to

20 a freguency corresponding a frequency 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-band having the
index of sb-3 by the following Eguation (86).

[0C98]
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[Equation &]
x3{ib, n} = x2{ib, n)*2cos (n)*{4(ib+1) 7t .~32}
(sh+1<ih<eb)

« v {B)
[0085]

Inadditicn, inEgquation (8), nshowsacircularconstant.
Eguation (6) means that the sub-band signal xZ(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 producticon circuit 16
calculates the high band signal component xnign {n) from the
sub-band signal x3(ib,n) after the gain control shifted to
the high band side according to the following Egquation 7.
[0101]

[Egquation 7]

ab

Xpigh(n) = Ebm%}_ﬂ:@(lb,ﬂ)

e (7)

[0102]

Accordingly, the high band signal component is preduced
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 13 and an estimation value
cf the high band sub-band power from the high band sub-band
power estimation circuit 15, and the produced high band signal
componant is supplied to the high-pass filter 17.

[0103]

According to process described above, since the low band
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sub-bandpower calculated fromaplurality of sub-band signals
is set as the characteristic amount with respect to the input
signal obtained after deceding 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
expansion band with high accuracy and to reproduce a music
signal with a better sound gquality.

[0104]

As described above, the characteristic amount
calculationcircuitl4illustrates anexample that calculates
as the characteristic amount, only the low band sub-band power
calculated from the plurality sub-band signal. However, in
this case, the sub-band power of the frequency expansion band
cannot be estimated with high accuracy by a kind of the input
signal.

[0105]

Herein, the estimate of the sub-band power of the
frequency expansion band in the high band sub-band power
estimation circuit 1% can be performed with high accuracy
because the characteristic amount calculation circuit 14
calculates acharacteristicamounthavingastrongcorreliation
with an output system cf sub-band power of the frequency
expansion band (a power spectrum shape.cf the high band).
[0106]

[Another Example of Characteristic Amount Calculated by
Characteristic Amount Calculaticn Circult]

Fig. & illustrates an example o¢f the Ireguency
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characteristicofavecal regionwheremcstofvocal isoccupied

and the power spectrum of the high band obtained by estimating

the high band sub-band power by calculating only the low band

sub-band power as the characteristic amount.

[0107]
AsillustratedinFig. &6, inthe fregquencycharacteristic

of the vocal region, there are many cases where the estimated

power spectrum of the high band has a position higher than

. the power spectrum of the high band of an original signal.

Since sense of incongruity of the singing voice of pecple is
easlly perceived by the people’s ear, it is necessary to
estimate the high band sub-band power with high accuracy in
vocal region.

[0148]

In addition, as illustrated in Fig. 6, in the frequency
characteristic of the vocal region, there are many cases that
a lager concave 1s dispcsed from 4.9 kHz to 11.025 kHz.
[0109]

Herein, as describedbelow, an example 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 vocal region.
In addition, a characteristic amount showing a degree of the
concave ls referred to as a dip below.

[0110]

A calculation example of a2 dip in time frames J dip(J)
will be described below.
[0111]

Fast Fourier Transform (FE'7) of 2048 points is performed
with respect to signals of 2048 sample sections included in

a range of & few frames before and after a time frame J of
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the input signal, and coefficients on the fregquency axis is
calculated. The power spectrum is obtained by performing db
conversion with respect to the absolute 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
50 as toremove component of 1.3 kHz or less, aliftering process
is performed. If the liftering process i1s performed, it is
possible to smooth the fine component of the spectrum peak
by selecting each dimension of the power spectrum and
performing a filteringprocess by applying the low-pass filter
according to a time seguence.

[G6113]

Fig. 8 illustrates an example of the power spectrum of
the input signal after liftering. In the power spectrum
followingrecoveringillustratedinFig. 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 amount having
a strong correlation with the sub-band power of the frequency
expansion band is calculated. In addition, a calculation
example of a dip dip{J) is not limited to the above-mentioned
method, and other method may be performed.

[0115]

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

[01l16]
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[5t11] Another Example of Characteristic Amount Calculated
by Characteristic Amcunt Calculaticn Circuit]

Ina frequency characteristic of anattack region, which
is, a region including an attack type music 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 powesr to

. estimate the sub-band power of the almost flat freguency

expansion band seen from an attack region with high accuracy
inordertoestimate the sub-bandpower of a frequency expansion
band without the characteristic amocunt indicating time
variation having a specific lnput signal including an attack
region.

[0117]

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

[0118]

Time vibration powerg {J) of the lowband sub-band power
in some time frames J, for example, iz obtained from the
following Equation (8).

[0119]

[Equation 8]

| b UHDESIZE-T
power (J) = X > (x(ib,m?d
ib=sb-3  n=J4FSIZE

sh JHFSIZE—1

2 2 (x(ib, n)%)

ib=sb—3 n=(-NFSIE

““(8)
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[0120;

According to Egquation 8, time variation powerg (J} of
a low band sub-band power shows ratio between the sum of four
low band sub-band pcwers 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 if this value become large,
the time variaticn of power between frames is large, that is,
a signal included in time frames Jis regarded as having strong
attack.

[0121]

In addition, if the power spectrum illustrated in Fig.
1, which 1s average statistically is compared with the power
spectrum of the attack region (attack type music signal)
illustrated in Fig. 2, the power spectrum in the attack region
ascends toward the right in a middle band. Between the attack
regicns, there are many cases which show the frequency
characteristics.

[0122]

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

[0123]

A slope slope (J) of a middle band in scme time frames
J, for example, is cbtained from the following Equaticn (8).
(01241
[Equation 2]
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sbh (J+1DFSTZE-1

slope(d) = ¥ )3 [W(ib)*x(ib.n)?)}
ib=sh—3  n=J#FSIZE

sb (1) ESTZE-T

/ X > (x(ib,m?®)

ib=sb—3 n=J#FSIE
=« (9)
[0125]

In the Eguation (9}, a coefficient w (ib) 1s a weight
factor adjusted tobe weighted to the high band sub-band power.
According to the Eguation (9), the slope (J) shcws a ratio
of the sum of four low band sub-band powers weighted to the
high band and the sum of 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 slopeq (J} of the slope
expressed by the following Equation (10) is the characteristic
amount used in estimating the high band sub-band power of the
attack region.

[0127]

[Eguation 10]
slopey(J) = slope (J)~slope (J—1)
(JHFSIZESn< (J+1) FSIZE-1)

T (1 0)
10128]
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In addition, it may be assumed that time variety dipg {J)
of the dip dip(J) described above, which is expressed by the
following Equation (11) is the characteristic amount used in
estimating the high band sub-band power of the attack region.
[0129]

[Equaticn 11]

dipg(J) = dip(J) —dip (J=1)
(JHFSIZE<n< (J+1) FSIZE-1)

ses (1 1)
[0130]

According to the above-mentioned methed, since the
characteristic amount 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 calculating the
characteristic amount having a strong correlation with the
sub-band power of the freguency expansion band was described.
However, anexample forestimating the high band sub-band power
will be described below using the characteristic amount
calculated by the method described above.

[0132]
[Description of Process by High Band Sub-band Power Estimation
Circuit]

Herein, anexample for estimating the highkand sub~kand
power using the dip described with reference to Fig. 8 and
the low band sub-band power as the characteristic amcunt will

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

characteristic amount calculaticon circuit 14 calculates as

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

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

and dip teo the high band sub-band power estimation circuilt

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

pass filter 13.
[0134]

Therefcre, in step 85,

the high band sub-band power

egstimation circuit 15 calculates the estimation value of the

hicgh band sub-band power based on the four low band sub-band

powers and the dip from the characteristic amount calculation

clircuit 14.

[0135]

Berein, in the sub-~band power and the dip, since ranges

of the ocbtained values (scales) aredifferent from each other,

the highband sub-band power estimaticoncircuit 15, forexample,

performs the following conversion with respect to the dip

valus.

[0136]

The high band sub-band power estimation circuit 15

calculates the sub-band power of a maximum band 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 standard deviaticn respectively. Herein,

it is assumed that the averagevalue of sub~bandpower 1S POWEY ave:

a standard deviation ¢f the sub-band power is powerstq, the

average value of the dip is dipave, and the standard deviation

of the dip is dipsta.
[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 Bguation (12) and obtains the dips dip{J) after
conversion.

[0138]
[Egquaticon 12]

: dip (J) —dip
dips () = —ipe

e (12)

[0139]

By performing conversion described in Equation (12},
the high band sub-band power estimation circuit 15 can
statistically convert the value of dip d4dipl(J) to an egual
variable (dip) dips (J) for the average and dispersion of the
low band sub-band power and make a range of the value cbhtained
fromthedipapproximatelyequal toarange of the valuecbtained
from the sub-band power.

[0140]

In the frequency expansion band, the estimation value
DOWEY s (1D, J) 0f the sub-band power in which index is ib, is
expressed, according to Eguation 13, by a linear combination
of the four low band sub-band powers power(ib,J} from the
characteristic amount calculaticn circuit 14 and the dip
dips {(J) shown in Equaticn (12).

[0141]

[Equation 13]

42



10

20

25

SP248B47TWCO3

sh

power .. (ib, J) = (kb Zb 3{C;b(kb) power (kb, J)})+D;bdips(d)+Eih
Sortl

(JHFSIZE<n < (J+1) FSIZE~1, sb+1<ib<eb)
<o (13

[0142]

Herein, in Equation (13), coefficients Ciyi{kb), Din, Eip
are coefficients having value different for each sub~-band ib.
The coefficients Cin{kb), Dip, and Eip are ccoefficients set
sulitably in corder to obtain a favorable value with respect
tovarious input signals. Inaddition, thecoefficientCip{kb),
Dip and Ejp are also changed to optimal values in order to change
sub-band sb. Further, derivation of coefficient Civ(kb), Dip,
and Eijy will be described below.

[0143]

In Equation {13), the estimation value of the high band
sub~band power is calculated by a linear combinaticn, but is
not limited thereto. For example, the estimation value may
be calculated using a linear combination of a plurality
characteristic amount of a few frames before and after the
time frame J, andmaybecalculatedusinganon~linear function.
[0144]

According to the process described abeve, 1t may be
possible to reproduce music signal having a better guality
in that estimation accuracy of the high band sub-band power
at the vocal region ls improved compared with a case that it
is assumed that only the low band sub-band power is the
characteristic amount inestimation of the high band sub-band
power using a value of a specific dip of vocal regilon as a
characteristic amount, 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 criginal signal and sense of
incongruity can be easily perceived by the people’s ear using
a method setting only the low band sub-band as the
characteristic amount.

[0145]

Therefore, if the number of divisions of sub-bands is
16, since frequency resolution is low with respect to the dip
calculatedas thecharacteristicamountby themethoddescribed
above (a degree of the concave in a frequency characteristic
of thevocal region), adegreecf theconcavecannctbeexpressed
by only the low band sub-band power.

(0146}

Herein, the frequency resoluticn 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 thebanddivisionsby 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 only a low band sub-band power, 1t is assumed that
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 amount and the
dip described above.

(01487

However, a calculation amount increases by increasing
the number of the divisions of 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 to any method, the method
that estimates the high band sub-band power using the dip as
the characteristic amcount without increasing the number of
divisions of the sub-bands is considered to be efficient in
terms of the calculaticn amount.

[0149]

As described above, a method that estimates the high
band sub-band power uging 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 in estimating the high band
sub-band power.

[0150]

In addition, as described above, in the input signal,
itmaybepossible toimproveestimaticonaccuracy of the section
by using a specific parameter in which estimation of the high
band sub-band power is difficult as the characteristic amount
used inestimating the high band sub-band power. For example,
timevarietyof the lowband sub-bandpower, slope, time variety
of slope 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 regicn by using
the parameter thereof as the characteristic amount.

81513

Inaddition, evenif estimation of 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 cf the
slope and time variety of the dip, the high kand 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
limited to the method described above, and other method may
be used.

[0153]
[Method for Obtaining Ccefficients Cip{kbk), Din, Eipl

Next, a method for obtaining the coefficients Ciyp (kb},
D:p and Ejp will be described in Equation (13) described above.
[0154]

Themethodisappliedinwhichcoefficientsisdetermined
pased on learning result, which performs learning using
instruction signal having a predetermined broad band
{(hereinafter, referred to as a broadband instructiocn signal)
such that as method for cbtaining coefficients Cijp (kb), Dy
andF;p, coefficients Ciy (kb), Diy andE;r become suitable
values with respect to various input signals in estimating
the sub-bkand power of the frequency expansion band.

[0155]

When learning of coefficient Cijy (kb), Dip and E;p 1is
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. 5 is
applied to the hich band higher the expansion initial band.
The ceefficient learning apparatus performs learning when
breadband instruction is input.

[0156]
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[Functional Configuration Example of Cecefficient Learning
Apparatus]

Fig. 9 illustrates a functional configuration example
of acoefficient learning apparatus performing an instruction
of coefficients Ciyp (kb), D;yp and Eiyp.

[0157]

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

Acoefficient learning apparatus 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 Z4.

(01597

The band pass filter 21 includes band pass filters 21-1
te 21- (RK+N) having the pass bands different from each other.
The band pass filter 21-i(1 £ 1 £ 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 calculation
circuit 22 cor 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-band power calculation circuit 22

calculates a high band sub-band pcower of each sub-band for
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eachconstant time framewithrespect toapluralityof sub-band
signals of the high kand, from the band pass f£ilter 21 and
supplies the calculated high kand sub-band power to the
coefficient estimation circuit 24.

[0161]

The characteristic amount calculation circuit 23
calculates the same characteristic amount as the
characteristicamount calculatedby the characteristicamount
calculation circuit 14 of the freguency 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 power
is calculated by the high band sub~band power calculation
circuit 22. That is, the characteristic amount calculation
circult 23 calculates one ormore characteristicamounts using
at least one of a plurality of sub-~band signals from the band
pass filter 21, and the brecadband instruction signal, and
supplies the calculated characteristic amounts to the
coefficient estimation circuit 24.

[0162)]

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

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

learning process by a coefficient learning apparatus in Fig.
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9 will be described.
[0164]

In step S11, the band pass filter 21 divides the input
signal (expansienbandinstructionsignal) into (K+N) sub-band
signals. Thebandpass filters2l-1te2l-Ksupplyaplurality
of sub-band signals of the high band higher than the expansion
initial band to the high band sub-band peower calculation
circuit 22. In additicn, the band,péss filters 21-(K+1) to
21-(K+N) supply a plurality of sub-band signals c¢f the low
band lower than the expansion initial band to the
characteristic amount calculation circuit 23.

[0165]

In step 312, the high band sub~band pcower calculation
circuit 22 calculates the high band sub-band power power (ib,
J} of each sub-band for each censtant time frame with respect
to a plurality of the sub-band signals of the high kand from
the band pass filters 21 (band pass fiilter 21-1 tc 21-K). The
high band sub-band power power (ib, J) is obtained by the above
mentioned Egquaticn (1). The high band sub-band power
calculation circuit 22 supplies the calculated high band
sub-band power to the coefficient estimation circult 24.
[0166]

In step S13, 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
power calculation circult 22.

[01671]

In addition, as described below, in the characteristic

amount calculation circuit 14 of the freguency band expansion

apparatus 10 in Fig. 3, 1t is assumed that the four sub-band
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pewers 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 amount calculation circuit 23 of the
coefficient learning apparatus 20 similariy.

[01l68]

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
to the characteristic amount calculation circuit 14 of the
frequency band expansionapparatus 10 fromthe bandpass filter
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 calculates
the dip dips (J) based on the Egquation (12) described above.
Further, the characteristic amount calculation circuit 23
supplies the four low band sub-band powers and the dip dipg (J)
as the characteristic amount toc the ceoefficient estimation
circuit Z24.

[0169]

In step 514, the coefficient estimation circuit 24
performs estimation of coefficlents Ciyp {kb), Dip and E;, based
cnapluralityof combinations of the (eb-sb) highband sub-band
power of supplilied to the gsame time frames from the high band
sub-band power calculation circult 22 and the characteristic
amount calculation circuit 23 and the characteristic amount
(four low band sub-band powers anddip dip:{J} ). For example,
the coefficient estimatiocn circult 24 determines the
coefficients Cyyp (kb), Dipy and E:p in Eguaticn {13) by making
five characteristic amounts (four low band sub-band powers

and dip dip:{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 regressicnanalysisusinga least-squaresmethod,.
[0170]

In addition, naturally the estimaticn methed cf
coefficients C;y (kb), Dip and Eijp i3 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 is set to be performed by using a predetermined
expansion band instruction signal, there is possibility to
obtain a preferred output result with respect to various input
signals input to the frequency band expansion apparatus 10
and thus it may be possible to repreduce a music signal havin
a better gquality.

[0172]

Inaddition, itispossibletocalculate thecoefficients
Lin (kb)Y and Biy in the above-mentioned Eguation (Z) by the
coefficient learning method.

[0173]

As described above, the coefficient learning processes
was described premising that each estimation value of the high
band sub-band power is calculated by the linear combination
such as the four low band sub-band powers and the dip in the
highband sub~band power estimationcircuit 15 of the frequency
band expansion apparatus 10.

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

is not limited to the sxample described above. For example,
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since the characteristlc amount calculation circuit 14
calculates one or more of the characteristic amounts other
than the dip (time variation of a low band sub-band power,
sleope, 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 of frames before and after time frames Jmay be used,
or a non-linear function may be used. That ls, 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 function 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]

<2. Second Embodiment>

In a second embodiment, encoding processing and decoding
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 functicnal configuration example
of the encoder to which the present invention is applied,
[0176]

An encoder 30 includes a 31, a low band encoding circuit
32, a sub-~band division circuit 33, a characteristic amount
calculation circuit 34, a pseudo high band sub-band power
calculation circuit 35, a pseudo high band sub-kand power
differencecalculationcircuit 36, ahighbandencodingcircuit

37, amaltiplexing circuit 28 and a low band decoding circuit
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39.
[0177]

The low-pass filter 31 filters an input signal using
a predetermined cutcff freguency and supplies a signal of a
low band lower than a cutoff freguency (hereinafter, referred
to as a low band signal) as signal after filtering to the low
band encoding circuit 32, a sub-band division circuit 33, and
a characteristic amcunt calculation circuit 34.

[0178]

The lowband encoding circuit 232 encodes a lowband signal
from the low-pass filter 31 and supplies low band encoded data
cbtained from the result to the multiplexing circuit 38 and
the low band decoding circuit 39.

[01792]

The sub~band division circuit 33 egually divides the
input signal and the low band signal from the low-pass filter
31 intoaplurality of sub-band signals having a predetermined
band width and supplies the divided signals to the
characteristic amount calculation circult 34 or the pseudo
high band sub-band power difference calculation circuit 36.
In particular, the sub-band division circuit 33 supplies a
plurality of sub-band signals (hereinafter, referred to as
a low band sub-band signal} cbtained by inputting to the low
band signal, to the characteristic amount calculation circult
34, In addition, the sub-band divisicon circuit 33 supplies
the sub-band signal {hereinafter, referred to as a high band
sub-band signal} of thehighbandhigher thanacutoff frequency
set by the low-pass £ilter 31 among aplurality of the sub-band
signals obtained by inputting an input signal to the pseudo
high band sub-band power difference calculation circuit 36.

[0180]
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The characteristic amount calculation circuit 34
calculates one or more characteristic amcunts ﬁsing any cne
of a plurality of sub-band signals 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 circult 35.

[0181]

Thepseudohigﬁbandsub—bandpowercalculationcircuit
35 produces a pseudo high band sub-band power pased on one
or more characteristic amounts from the characteristic amount
calculation circuit 34 and supplies the produced pseudo high
band sub-band power to the pseudo high band sub-band power
difference calculation circuit 36.

[0182]

The pseudo 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-kand divisicn circuit 33 and the
pseudo high band sub-band power from the pseudo high band
sub~band power calculation circuit 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 calculaticon clircuit 36 and supplies
the high band encoded data obtained from the resulf to the
multiplexing circuit 38.

[0184]

The multiplexing circuit 38 multiples the low bkand
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encoded data from the low band encoding circuit 32 and the
nigh band encoded data from the high band encoding circuit
37 and outputs as an ocutput code string.

[0185]

The low band decoding circuit 3% suitably decodes the
low band enceded data from the low band encoding circuit 32
and supplies decoded data obtained from the result to the
sub-band divisicen circuit 33 and the characteristic amount
calculation circuit 34.

[0186]
[Encoding Processing of Encoder]

Next, referring to a flowchart in Fig. 12, the encoding
processing by the enceder 30 In Fig. 11 will ke described.
[0187]

In step S$111, the low-pass filter 31 filters the input
signal using a predetermined cutoff frequency and supplies
the low band signal as the signal after filtering to the low
band encoding c¢ircuit 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 circuit 38.

(01891

In additien, for encoding of the low band signal in step
8112, a suitable encoding method should be selected according
te an encoding efficiency and a obtained circuit scale, and
the present invention does not depend on the encoding method.
[0120)

In step 8113, the sub-band division circuit 33 equally
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divides the input signal and the lowband signal to aplurality
of sub-band signals having a predetermined bandwidth. The
sub-band division c¢lrcuit 33 supplies the low band sub-band
signal cbhtained by inputting the low band signal to the
characteristic amcunt 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 calculation
clircult 36.

[0191]

In a step 8114, the characteristic amount calculation
circuit 34 calculates one ormore characteristicamounts using
at least any one of a pluraliiy of sub-band signals cf 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 pssudo high band
sub~band power calculation circuit 35. 1In additiocon, the
characteristic amount calculation circuit 34 in Fig. 11 has
basically the same configuration and functicn as those of the
characteristicamount calculationcircuitl1l4inFig. 3. Since
a process in step S114 is substantially identical with that
of step 84 of a flowchart in Fig. 4, the description thereof
is omitted.

[0192]

In step 5115, the pseudo high band sub-pand power
calculation circuit 35 produces a pseudo high band sub-band
power based on one or more characteristic amcunts from the
characteristic amount calculationcircuit 34 and supplies the

produced pseudo high band sub-band power teo the pseudo high
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band sub-band power difference calculation circuit 36. In
addition, the pseudo high band sub-band power calculaticn
cirgcuit 35 in Fig. 11 has basically the same configuration
and functionas those of the highband sub-bandpower estimation
circuit 15 in Fig. 3. Therefore, since a process in step 5115
is substantially identical with that of step 85 of a flowchart
in Fig. 4, the description thereof is omitted.

(01937

InstepSll6, apseudohighbandsub-bandpower difference
calculationcircuit 36 calculates the pseudchighbandsub-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 pseude high band sub-band power
calculationcircuit 35 and supplies the calculated pseudo high
band sub-band power difference to the high band enceding
circuit 37.

[0194)

Specifically, the pseudo high band sub-bkand 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 band sub-band signal from the sub~band
division circuit 33. In addition, in an embodiment cf the
present invention, all the sub-band of the low band sub-band
signal and the sub-band cof the high band sub-band signal
distinguishes using the index ib. The calculation method of
the sub-band power can apply te the same method as first
embodiment, that is, the method used by Egquaticn (1) thereto.
[0195]

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

high band sub-band power difference) poweraies (ib, J) between
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the high band sub-band power power {ib, J) and the pseudo high
band sub-band power power:iy (ib,J) from the pseudo high band
sub-band power calculation circuit 35 in a time frame J. The
pseudo high.band sub-band power difference powerg;zs {1b,J)
is obtained by the following Equation (14).

[0196]

[Equation 14]

powet 4¢¢ (b, J) = power (ib, J) —powery, {ib, J)
(J*FSIZESn < (J+1) FSIZE~1, sb+1<ib<eb)

- (14)

[0197]

In Equation (14), an index sb+1l 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 cf the sub-band of
the highest band encoded in the high band sub-band signal.
(01981

As described above, the pseudo high band sub—band power
difference calculated by the pseudo high band sub-band pcower
difference calculation circuit 361is supplied to the highband
encoding circuit 37.

[0199]

In step S117, the high band encoding circult 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 encoded data obtained from the result
to the multiplexing circuit 38.

[0200]

Specifically, the high band encoding circuit 37

determines that on cbtained by making the pseudo high band

sub~band power difference from the pseudc high band sub-band
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power difference calculation circuilt 36 be a
vector(hereinafter,referredtoaseapseudohighbéndsub—band
power difference vector) belongs to 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 vector, a value
of apseudohighbandsukb-bandpowerdifferencepowerg;rs (i, J)
foreachindexib,andshowsthevectorofan(eb—sb)dimension.
In additicn, the characteristic space of the pseudo high band
sub~band power difference is set as a space of the (eb-sb)
dimension in the same way.

[0201]

Therefore, the high band enceding circuit 37 measures
a distance between a plurality of sach representative vector
of a plurality of predetermined clusters and the pseudo high
band sub-bandpowerdifferencevector inacharacteristic space
of the pseudo high kand sub-band power difference, ocobtains
indexof the clusterhaving theshortestdistance (hereinafter,
raferred to as a pssudo high band sub-band power difference
ID) and supplies the obtained index as the high band encoded
data to the multiplexing circuit 38.

[0202]

In step S118, themultiplexing circuit 38 multiples low
band encoded data output from the low band encoding circuit
32 and highband encoded data output from the high band encoding
circuilt 37 and outputs an output code string.

[0203]

Therefore, as an encoder in the high bandcharacteristic

enccding method, Japanese Patent Application Laid-Open No.

2007-17908 discleses 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
the highband sub-band signal witheach other for each sub-band,
calculating a gain of powser for each sub-band to match the
powar 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]

Accordingtotheprocess describedabove, only thepseudo
high band sub-band power difference ID may be included in the
output code string as information for estimating the high band
sub-bandpower indeceding. Thatis, forexample, 1f thenumber
of the predetermined clusters is 64, as information for
reztoring the high band signal in a decoder, 6 pit 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 disclcsed
in Japanese Patent Application Laid-Open No. 2007-17908, and
it is possible to reproduce a music signal having a better
sound guality.

102057

In addition, in the processes described above, the low
band decoding circuit 39may input the lowband signal obtained
by decoding the lowband enceded data from the low band encoding
circuit 32 to the sub-band division circuit 33 and the
characteristic amount 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 deceding the low band

encodeddataand thepower of thehighband sub-band isestimated
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based on the characteristic amount. Therefere, even in the
encoding procéssing, if the pseudo high band sub-band power
difference ID which is calculated based on the characteristic
amount calculated from the decoded low band signal is included
in the code string, in the decoding processing by the deceder,
the high band sub-band power having a better accuracy can be
estimated. Therefore, it is possible to reproduce a music
signal having a better sound guality.

102067

[Functional Configuration Example cf Deccder]

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

[0267]

A decoder 40 includes a demultiplexing circuit 41, a
low band decoding circuit 42, a sub-band division circuit 43,
a characteristic amount calculation circult 44, and a high
pand decoding circuit 45, a decoded high band sub~band power
calculation circuit 46, a decoded high band signal production
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 enceded data to the
lowband decoding circult 42 and supplies the high band enceoded
data to the high band decoding circuit 45.

[0209]

The low band decoding circuit 42 performs decoding of

the low band encoded data from the demultiplexing circuit 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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referred tc ags a decoded lcow band signal) to the sub-band
division circuit 43, the characteristic amount calculation
circuit 44 and the synthesis circuit 48.

[02148]

The sub-band division circuit 43 equally divides a
decoded low band signal from the low band decoding circuit
42 intoa plurality of sub~band signals having a predetermined
bandwidth and supplies the sub-band signal (decoded low band
sub-band signal) to the characteristic amount caliculation
circuit 44 and the decoded high band signal production circuit
47 .

[0211]

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
signals from the sub-kand divisicon circuit 43, and a decoded
lowband signal froma lowbanddecoding circuit 42, andsupplies
the calculated characteristicamounts to the decoded highband
sub-band power calculation circuilt 46.

[0212]

The high band decoding cilrcuit 45 decedes high kand
encoded data from the demultiplexing circuit 41 and supplies
accefficient (hereinafter, referred to as a decoded highband
sub-band power estimation coefficlent) for estimating a high
band sub-band power using a pseudo 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-bandpower calculationcircuit

46 calculates the decoded high band sub-band power based on
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cne or more characteristic amounts from the characteristic
amount calculation circuit 44 and the decoded high band
sub-band power estimation coefficient from the high band
decoding circuit 45 and supplies the calculated decocded high
band sub-band power to the decoded high band signal production
circuit 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 division circuit 43
and the deceded high band sub-band power from the decoded high
band sub-band power calculation circuit 46 and supplies the
produced signal and power to the synthesis circuit 48.
[C215]

The synthesis circuit 48 synthesizes a decoded low band
signal from the low band decoding circuit 42 and the decoded
high band signal from the decoded high band signal production
circuit 47 and outputs the synthesized signals as an ocutput
signal.

[0216]
iDecoding Process cf Decoder]

Next, a decoding process using the decoder in Fig. 13
will be described with reference to a flowchart in Fig. 14.
[0217]

In step 8131, the demultiplexing circult 41
demultiplexes an input code string into the high band encoded
data and the lowband encodeddata, supplies the lowbandencoded
data to the low band decoding circuit 42 and supplies the high
band encoded data to the high band decoding circuit 45.
[0z218]

In step S132, the low band decoding circuit 42 decodes
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the low band enceded data from the demultiplexing cizrcuit 41
and supplies the decoded low band signal obtained from the
result to the sub-banddivisioncircult 43, the characteristic
amount calculation circuit 44 and the synthesis circuit 48.
[0219]

In step S133, the sub-band division circuit 43 equally
divides the decoded low band signal from the low band decoding
circuit 42 into & plurality of sub-band signals having a
predetermined bandwidth and supplies the cbtained decocded low
band sub-band signal to the characteristic amount calculation
circuit 44 and the decoded high band signal production circuit
47.

[0220]

In step S134, the characteristic amount 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 divisien circuit
43 and the decoded low band signal from the low band decoding
circuit 42 and supplies the slignals 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 amcunt calculation circult 14 in Fig. 3 and
the process in step $134 has the same process in step S4 of
a Fflowchart in Fig. 4. Therefore, the description thereof
is cmitted.

(02213

In step 5135, the high band decoding circuit 45 decodes
the high band encoded data from the demultiplexing circuit
41 and supplies the decoded 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.

[0z22]

In step $126, the decoded high band sub-band power
calculation circuit 46 calculates the decoded high band
sub-band power based on one or more characteristic amount from
the characteristic amount calculation circuit 44 and the
decoded high band sub~band power estimation coefficient from
the high band decoding circuit 45 and supplies the power to
the decoded high band signal production circuit 47. In
addition, since the decoding high band, decoding high bans
sub~band calculation circuit 46 in Fig. 132 has the same
configuration and a function as those of the high band sub-band
power estimation circuit 15 in Fig. 3 and process in step S136
has the same process in step S5 of a flcwchart in Fig. 4, the
detailed descripticon is omitted.

[0223]

In step 5137, the deccded high band signal preduction
circult 47 outputs a decodedhighhand signal based on a decoded
low band sub-band signal from the sub-band division circuit
43 and a decoded high band sub-band power IZrom the decocded
highband sub-bandpower calculationcircuit 46, Inaddition,
since the decoded high band signal preduction 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 5137 has the same process as step S6 of the
flowchart in Fig. 4, the detailed descripticn thereof is
omitted.

(02247

In step 8138, 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 production ¢ircuit 47 and outputs synthesized signal
as an output signal.

[0225]

According to the process described above, it is possible
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 deccoding in response to the
difference characteristic batween the pseudec high band
sub~band power calculated in advance in encoding and an actual
high band sub-band power.

[0z226]

Inaddition, according totheprocess, since informaticn
for producing the high band signal included in the code string
has only a pseudo high band sub-band power difference ID, it
is possible to effectively perform the decoding processing.
[0227]

As described above, although the encceding process and
decoding processing according to the present invention are
described, hereinafter, & method of calculates each
representative vector of aplurality of clusters ina 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 cutput by the high band decoding circuit 45 cf
the decoder 40 in Fig. 13 will be described.

[0228]
[Calculation Method of Calculating Representative Vector of

Aplurality of Clusters in Specific Space of Pseudo High Band
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Sub~-Band Power Difference And Decceding High Bond Sub-Band Power
Estimaticn Coefficient Corresponding tce Each Cluster]

As a way for obtaining the representative vecter of a
plurality of clusters and the decoded high band sub-band power
estimation coefficient of each cluster, it 1s necessary to
prepare theccefficientscastoestimate thehighbandsub-band
power in a high accuracy in decoding in response to a pseudo
high band sub-band power difference vector calculated in
encoding. Therefore, learning is performed by a broadband
instructicn signal in advance and the method of determining
the learning is applied based on the learning result,
[0229]

[Functional Configuration Example of Ccefficient Learning
Apparatus]

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

[0230]

It ispreferable that a signal component of the breoadband
instructionsignal input tothecoefficient learningapparatus
5¢in Fig. 15 and of & cutoff frequency or less set by a low-pass
filter 31 of the enceder 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
cifcuitBZandthatisdecodedbythelowbanddecodingcircuit
42 of the decoder 40.

[0231]
Acoesfficient 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 calculationcircuit 54, apseudo high band sub~band power
difference calculation circuit 55, a pseudo high band sub~band
power difference clustering circuit 56 and a ccefficient
egtimation circuit 57.

(02321

In addition, since each,of the low-pass filter 51, the
sub~band division circuit 52, the characteristic amount
calculation circuit 53 and the pseudo hich band sub-band power
calculation circuit 54 in the coefficient learning apparatus
5¢inFig. 15 basicallyhasthesameconfigurationandfunction
aseachof the low—pass filter 31, the sub~banddivisioncircuit
33, the characteristic amount calculation circuit 24 and the
pseude high band sub-band power calculation circuit 35 in the
ancoder 30 in Fig. 11, the description thereof is suitably
omitted.

[0233]

In cther word, although the pseudo high kand suk-band
power difference calculaticn circuit 55 provides the same
configuration and function as the pseudo high kand sub-band
power difference calculaticn circuit 36 in Fig. 11, the
calculated pseudo high 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
calculatedwhencalculating thepseudohighband sub-bandpower
difference is supplied to the coefficient estimation circult
57.

[0234]

The pseudo high band sub-band power difference

clustering circuit b6 clusters a pseudo high band sub-band

power difference vector obtained from a pseudoc high band
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sub-band power difference from the pseudo high band sub-band
power difference calculation circuit 55 and calculates the
repregentative vector at each cluster.
[0235]

The coefficient estimation circuit 57 calculates the
high band sub-band power estimation coefficient for each
cluster clustered by the pseudo high band sub-band power

difference clustering circult 56 based on a high band sub-band

"power from the pseudo high band sub-band power difference

calculation circuilt 55 and one or more characteristic amount
from the characteristic amount calculation clrecuit 53.
[0230]

[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 te a flowchart in Fig. 16,

(0237

In addition, the process of step S5151 to S155 of a
flowchart in Fig. 16 is identical with those of step S111,
S113 to 8lle of a flowchart in Fig. 12 except that signal input
to the coefficlent learning apparatus 50 is a breadkand
instruction 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} ocbtained 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. Thepseudochighbandsub-bandpowerdifference
clustering circuit 56 sets a center vector of each cluster
obtained from the result performing clustering by k-means
method to the representative vector of each cluster. In
addition, a method of the clustering or the number cf cluster
is not limited thereto, but may apply other method.

[0239]

In addition, the pseudo high band sub-band power
difference clustering circuit 56 measures distance between
64 representative vectors and the pseudo high band sub-band
power difference vector obtained from the pseudo high band
sub-band power difference from the pseudo high band sub-kand
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 Lo 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.

(02401

In step S157, the coefficient estimation circuit 57
calculates a deccded high band sub-band power estimation
coefficient at each 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 5% 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
24cf thecoefficient learningapparatus20in¥Fig. 9. However,
the other method may be used.

[0241]

According to the processing described above, by using
apredeterminedbroadband instructionsignal, sincea learning
for the each representative vector of a plurality of clusters
in the specific space of the pseudc high band sub~band power
difference predetermined in the high band encoding circult
37 of the encoder 30 in Fig. 11 and a learning for the decoded
high band sub~band power estimation ccefficient output by the
high band decoding circuit 45 of the deccder 40 in Fig. 13
isperformed, it ispossible toobtainthedesiredoutput result
with respect to various input signals input to the enccder
30 and variocus input code string input to the decoder 40 and
it is possible to reproduce a music signal having the high
gquality.

[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-kand powexr
calculation circuit 35 of encoder 30 and the decoded high band
sub-band power calculatiocn circuit 46 cof 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 cecefficient data by
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a signal such as speech and Jazz.
[0244]

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

The code string A in Fig. 17 enccdes the speech and an
optimal coefficientdataxinthe speechisrecordedinaheader.
[02486]

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

[0247]

The plurality of coefficient data described akove can
be easily learnedby the same kind of themusicsignal inadvance
and the encoder 30 may select the coefficient data from genre
information recocorded in the header of the input signal. In
addition, the genre is determined by performing a waveform
analysisofthesignal andthecoefficientdatamaybeselected.
That is, a genre analysis method of signal is not limited in
particular.

[0248]

When calculation time allows, the encoder 30 is equipped
with the learning apparatus described above and thus the
process is performed by using the coefficient dedicated to
the signal and as illustrated in the code string C in Fig.
17, finally, it is alsc possible to record the coefficient
in the header.

[0249]

Anadvantageusing themethodwill bedescribedas 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 coefficlent for estimating of
the highband sub-band power every the input signal, separately,
redundancy due to in the similar position of the high kand
sub-band power is reduced, thereby improving encoding
efficiency. Inaddition, it ispossible 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.
[0251]

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.

[0252]
<3. Third Embodiment>
[Functional Configuration Example of Encoder]

In additicn, although 1t was described that the pseudo
high band sub-band power difference ID is cutput frem the
encoder 30 te the decoder 40 as the high band enccded data,
the coefficient index for obtaining 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 illustrated in Fig. 18, In additicn, in Fig. 18, parts
corresponding topartsin¥Fig. 11 has the same numeral 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 deccding circuit 39
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are not provided and the remainder is 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 amcunt by using the low band sub-band
signal supplied from the sub-band division circuit 33 and is
supplied to the pseudo high band sub~band power calculation
circuit 35.

[0256]

In addition, in the pseudo high band sub-band power
calculation circuit 35, a plurality of decoded high band
sub~band power astimaticon coefficients cobtained by the
predetermined regression analysis 1ls corresponded to a
cecefficient index specifying the decoded high band sub-band
power estimation coefficient to be recorded.

[0257]

Specifically, sets of a coefficient Ajplkb) and a
coefficient By, for each sub-band used in operation of Eguation
{2} described above are prepared in advance as the deccded
high band sub-band power estimationcoefficient. For example,
the coefficient A (kb)) and the coefficlient By are calculated
by an regression analysis using a least-sguares methed by
setting the low band sub~band power to anexplanation 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 broadpand instruction signal.
[0258]

The pseudo high band sub-band power calculation circuit
35 calculates the pseudc high band sub-band power of each
gsub-band of the high band side by using the decoded high band
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sub~band power estimation coefficient and the characteristic
amount from the characteristic amount calculaticn circuit 34
for each of a deccded high band sub-band power estimation
coefficient recorded and supplies the sub~-band power to the
pseudohighband sub-bandpowerdifferencecalculationcircuit
36.

(02591

The pseudo high band sub-band power difference
calculation circuit 36 compares the high band sub-band power
obtained from the high band sub-band signal supplied from the
sub-banddivisioncircuit 33 with the pseudo highband sub~band
power from the pseudo high band sub-band power calculation
circuit 35.

[0260]

In addition, the pseudo high band sub-band power
difference calculation circult 36 supplies the coefficient
index of the decoded high band sub-band power estimaticn
coefficient, in which the pseudo high band sub-band power
closed to the highest pseudo high band sub-band power is
obtained among the result of the comparison and a plurality
of decoded high band sub-band power estimation ccefficient
to the high band encoding circuit 37. That is, the coefficient
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 deccded high band
signal closest to a true value is obtained.

[0261]
[Encoding Process of Encoecder]

Next, referring to a flow chart in Fig. 19, an encoding
processperformingbythe encoder30inFig. 18willbedescribed.

Inaddition, processing of step 5181 to step S183 are identical
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with those of step 8111 te 35113 in Fig 12. Therefore, the
description thereof is omitted.
[0262]

In step S184, the characteristic amount calculation
circuit 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 calculation clrcuit 35.

[0263] '

Specially, the characteristic amount calculation
circuit 34 calculates as a characteristic amount, the lowband
sub-band power power (ib,J) of the frames J (where, 0£J} with
respect to each sub~band ib {(where, sb-3<ib<sb) in & low band
side by performing operaticon of Equation (1) described above.
That is, the low band sub-band power power (ib,J) calculates
by digitizing a sguare mean value of the sample value of each
sample of the low band sub-band signal constituting the frames
J.

02641

In step 5185, the pseudo high band sub-band pcwer
calculationcircuit3bcalculates thepseudohighband sub-band
power based on the characteristic amount supplied from the
characteristic amount calculationcircult 34 and supplies the
pseudo highband sub~band power to the pseudohighband sub-band
power difference calculation circult 36.

[0265]

For example, the pseudc high band sub-band power
calculationcircuit 35calculates thepseudohighbandsub-band
POWETr POWeTrest (1b, J), which performs above~mentioned Equation
(2) by using the coefficient Ay (kb) and the coefficient Biy

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 abeocve-mentioned
Equation (2) by using the low band sub-band power power (kb, J)
{where, sb-sgkbgsb).

[0266]

That is, coefficient A, (kb)) for each sub-bandmultiplies
the low band sub-band power power {kb,J) of each sub-band of
the lcw band sidé supplied as the characteristic amount and
thecoefficientaniSaddedixnthesum»xfthelowbandsub—band
power by which the coefficient ismuitiplied and then becomes
the pseudo high band sub-band power poweres;(ib,J). This
pseudo high band 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 decoded high band sub-band
power estimation coefficient recorded in advance. For
example, it is assumed that the coefficient index allows 1
to K (where, 2<K) number of decoding high band sub-band
estimation coefficient to be prepared in advance. In this
case, the pseudo high kand sub-band power of each sub-bkand
is calculated for each of the K decocded high band sub-band
power estimation coefficients. '

[0268]

In step S$186, the pssudo 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 kband sub-band

power calculation circuit 35.

77



10

15

20

25

SP24B4TTWO03

[0269]

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
respect 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.

[02701

Next, the pseudo high band sub-band power difference
calculation circuit 36 performs the same cperation 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 poweres (ib,J). In
this case, the pseudo high band sub-band power difference
powergeslib, J) 15 cbtained for each decoded high band sub-band
power estimation ccefficient with respect to each sub-band
of the high band side which index is sb+l to eb.

[0271]

In step S187, the pseudo high band sub-band power
difference calculation circuit 36 calculates the following
Eguation (15) for each deccded high band sub-band power
estimation coefficient and calculates a sum of squares of the
pseudo high band sub~band power difference.

(02721
iEquation 15]

ab
EQd, id) = 3 [powerges(ib, J, id)}? .+« (15)

ih=sh+1

[G273]
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in addition, in Eguation {1%), the sguare sum for a
difference F (J, id)is obtained with respect to the deccded
high band sub-band power estimation coefficient in which the
coefficient index is id and the frames J. In addition, in
Equation (15), powerdﬁf(ib,J,id) is obtained with respect to
the decoded high band sub-band power estimation coefficient
inwhich the coefficient index is id decodad high band sub-band
power and shows the pseudo high band sub-band power difference
{powergiss (1b,Jd)) of the pseudo high band sub-band power
difference powerg;ss {ib, J) of the frames J of the sub-band which
the index is ib. The sguare sum of a difference E(J, 1id} is
calculated with respect to the number of K of each decoded
high band sub-band power estimation coefficient.

16274]

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.

(02751

That is, the error of the estimation value 1s shown with
respect to the true value of the high band sub-band power.
Therefore, the smaller the sgquare sum for the difference E(J,
id), themore the decoded high band signal closed by the actual
highband signal is obtainedby the operaticn using the decoded
high band sub-band power estimation coefficient. That is,
the decoded high band sub-band power estimation cocefficient
in which the square sum for the difference E{J, id) is minimum
is an estimation coefficient most sultable for the freguency

band expansion process performed in decoeding the cutput code
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string.
[027¢]

The pseudo high band sub~band power difference
calculation circuit 36 selects the square sum for difference
having a minimum value among the K square sums for difference
E (J, id) andsupplies thecoefficient index showing the decoded
highband sub-band power estimationcoefficient corresponding
to the sguare sum for difference to the high band encoding
circuilt 37.

[0277)]

In step S188, the high band encoding circuit 37 encodes
the ceefficient index supplied from the pseudo high band
sub~band power difference calculationcircuit 36 and supplies
obtained high band encoded data to the multiplexing circuit
38.

[0278]

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

[6279]

In step $189, the multiplexing circuit 38 multiplexes
the low band encoded data suprlied from the low band enceding
circuit 32 and the high band encoded data supplied from the
highbandencoding circuit 37 and outputs the output code string
and the encoding process is completed.

[0280}
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As described above, the decoded high band sub~band powex
estimation coefficient mostly suitable to process can be
obtained by outputting the high band encoded data obtained
by encoding the coefficient index as the output code string
in decoder 40 receiving an input of the ocutput code string,
together with the low frequency encoded data. Therefore, it
is possible to obitain signal having higher gquality.

102811
IFunctional 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 cmitted.

[3282]

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

02837

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-band 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 coefficient
Aip (kb)) and coefficient Bip as the decoded high 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 deccdes the high kand
encoded data suppiied from the demultiplexing circuit 41 and
supplies the decoded high band sub-band power estimation
cocefficient indicated by the coefficient index obtained from
the result to the decoded high band sub~band power calculation
circuit 4e6.

[0285]
[Deceding Process of Decoder]

Next, the decoding process performs by decoder 40 in
Fig. 20 will be described with reference to a flowchart in
Fig. 21.

[02886]

The deccding process starts 1f the cutput code string
ocutput from the encoder 30 is provided as the input code string
to the decoder 40. In addition, since the processes of step
8211 to step 5213 is identical with those of step 3131 to step
S133 in Fig. 14, the description is omitted.

(02871

In step 8214, the characteristic amount calculation
circuit 44 calculates the characteristic amount by using the
decoded low band sub-band signal from the sub-band division
circuit 43 and supplies it decoded high band sub-band power
calculaticncircuit 46. Indetail, the characteristic amount
calculation circuit 44 calculates the characteristic amount
of the lowband sub-band power power (ib, J) of the frames J{but,
0<J) by performing cpervation of the Eguation (1) described
above with respect to the each sub-band ib of the low band
side.

[0288]
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In step 5215, the high band decoding circulit 4% performs
decoding of the high band encoded data supplied from the
demultiplexing circuit 41 and supplies the deccded high kand
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 ccefficient is
output, which is indicated by the coefficient index cbtained
by the decoding in a plurality of decoded high band sub-band
power estimaticncoefficientrecordedtothehighbanddecoding
circuit 4% in advance.

[0289]

In step $216, the decoded high band sub-band power
calculation circuit 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 decoding circulit 45 and supplies
it te the decoded high band signal production circuit 47.
(02801

That, the decoded high band sub-band power calculation
circuilt 46 performs operation the Equation {2) described above
using the ceoefficient Ajy (kb)as the decoded high band sub-band
power estimation coefficient and the low band sub-band power
power {kb,J) and the coefficlent Bi, {where, sb-3<kb<sk}as
characteristic amount and calculates the decoded high band
sub-band power. Therefore, the deccded high band sub-kand
power is obtained with respect to each sub-bkand of the high
band side, which the index is skb+l to eb.

[0291]
In step 3217, the decoded high kand signal productiocon
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circuilt 47 produces the deccded high band signal based on the
decoded low band sub-band signal supplied from the sub-band
division circuit 43 and the deccded high band sub-band power
supplied from the decoded high band sub-band power calculation
circult 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. In addition, the deccded 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 abeve using the low band sub-band
power and the decoded high band sub-band power obtained.
[0293]

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

[0294]

That is, the decoded highband signal productioncircuit
47 performs an amplitude modulation of the deccded high kand
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 frequency-modulation the decoded low band
sub-band signal (x2{ib, n)obtained. Therefors, the signal
of the frequency component of the sub-band c¢f the low band

side is converted to signal of the freguency compcenent of the
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sub-band of the highband side and the highband suk-band signal
x3{ib, n) is obtained.
[0295]

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

[929¢6]

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

[0297]

In addition, attention is pald to one sub-band
conatituting the high band block and the high band sub-band
signal of the sub-band (hereinafter, referred to as attention
sub-band) is produced. First, the decoded high band signal
production circuit 47 specifies the sub-band of the low band
block that has the same position relaticn to the position of
the attenticon sub-band in the high band block.

[0298]

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

that the freguency is the lowest in the high band blocks.
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[0298]

As described above, the sub-band, if the sub-band of
the low band block sub-band having the same positicn
relationship of the attention sub~band is specific, the low
band sub-band power and the decoded low band sub-band signal
and the decoded high band sub-band power is used and the high
band sub-band signal of the attention sub- band is produced.
(0300}

That is, the decoded high band sub-band power and the
low band sub-band power are substituted for Equation (3), so
that the gain amount according to the rate of the power thereof
is calculated. In addition, the calculated gain amount is
multipliedby the decoded lowband sub-band signal, the decoded
low pand sub-band signal multiplied by the gain amount is set
as the frequency modulation by the operation of the Eguation
{8) to be set as the high band sub-band signal of the attention
sub-band.

030173

In the preocesses, the high tand sub-kand signal of the
each sub-band of the high band side is cbtained. In addition,
the decoded high band signal production circuit 47 performs
the Bguation (7) described above to obtain sum of the each
high band sub-band signal and to produce the decoded high band
signal. The decoded high band signal production circuit 47
supplies the obtained decodedhighband signal to the synthesis
circuit 48 and the process precedes from step 8217 to the step
5218 and then the decoding process is terminated.

[0302]

In step 8218, the synthesis circult 48 synthesizes the

decoded low band signal from the low band decoding circuilt

42 and the decoded high band signal from the decoded high band
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signal production circuit 47 and outputs as the output signal.
{03031

As described above, since decoder 40 obtained the
coefficient index from the high band encoded data cbtained
fromthedemultiplexing of the input cede string andcalculates
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 estimaticn accuracy of the high band sub-band power.
Therefore, it is possible to produce the music signal having
high gquality.

[0304]

<4 . Fourth Embodiment>

[Enccding Processes cf Encoder]

First, in as described above, the case that only the
coefficient index is included in the high band encoded data
isdescribed. However, the other informationmaybe included.
[0305]

For example, 1f the coefficient index is included in
the high band encoded data, the decoding high band sub-band
power estimation coefficient that the decoded high band
sub-band power closest to the high band sub-band power of the
actual high band signal is notified of the decoder 40 side.
[0306]

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 pseudc high band sub-band power
difference poweraisr (1b, J)calculated from the pseudo high band

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

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

(0308}

The encoding process and the decoding process in a case
where the pseudo 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. 1Inaddition, the processes of step S241 to step 5246
is identical with those of step 3181 to step 5186 in Fig. 19.
Therefore, the description therecf is omitted.

(6310} &

In step 5247, the pseudo high band sub-~band power
difference calculation circult 36 performs operation of the
Equation (15) described above to calculate sum E (J, id) of
squares for difference for each decoded high band sub-band
power estimation cocefficient.

[0311]

In addition, the pseudo high band sub-band power
difference calculation circuit 26 selects sum of squares for
difference where the sum of squares for difference 1s set as
a minimum in the sum of squares for difference among sum E (J,

id) of sguares for difference and supplies the coefficient
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index indicating the deccded high band sub-band power
estimation coefficient corresponding to the sum of sguare for
difference to the high band enceding circuit 37.

[0312]

In addition, the pseude high band sub-band power
difference calculation circuit 36 supplies the pseudo high
band sub-band power difference powerarei{ib,J) cof the esach
sub-band obtained with respect to. the decoded high band
sub-band power estimation coefficient corresponding to
selacted sum of squares of residual error to the high band
enceding circuit 37.

[0313;

In step S248, the high band encoding circuit 37 encodes
the ceoefficient 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 obtained from the result to the multiplexing
circuit 38.

[0314]

Therefcore, the pseudoc high band sub-band power
difference of the each sub-band power of the high band side
where the index issbh+l toek, thatis, theestimationdifference
of the high band sub~band power is supplied as the high band
enccecded data tc the decoder 40.

[0315]

If the high band encoded data ls obtained, after this,
encoding process of step 5249 is performed to terminate
encoding process. However, the process of step 3249 is
identical with theprocess of step 3189 inFig. 12, Therefore,
the description is omitted.

(G316}
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As described above, if the pseudo high band sub-band
power difference is included in the high band encoded data,
it is possible to improve estimation accuracy of the high band
sub-band power and to obtain music signal having good gquality
in the decoder 40.

[0317]
Decoding Processing of Deccder]

Next, a decoding process performed by the decoder 40
in Fig. 20 will be described with reference te a flowchart
in Fig. 23. In addition, the process of step 5271 to step
8274 is identical with those of step S211 to step 8214 in Fig.
21. Therefore, the descripticon thereof is omitted.

[0318]

In step 8275, the high band decoding circuit 45 performs
the decoding of the high band encoded data supplied from the
demultiplexing circuit 41. In addition, the hicgh band
decoding circuit 45 supplies the decoded high band sub-band
power estimation coefficient indicated by the coefficient
index optainedby the decoding and the pseudeo highband sub~band
power difference of each sub-band obtained by the decoding
to the decoded high band sub-band power calculation circuit
48.

[0319]

In a step 5276, the decoded high band sub-band power
calculation circuit 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 cosfficient 216
supplied from the highband decoding circuit 45, Inaddition,
step S276 has the same process as step S216 in Fig. 21.
[0320]
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In step 5277, the decoded high band sub-~band power
calculationcircuit 46 adds the pseudo highband sub~band power
difference supplied from the high band decoding circuit 45
£o the decoded high band sub~band power and supplies the added
result as an ultimate decoded high band sub-kand power to
decoded high band signal production circuit 47.

That is, the pseudec high band sub-band power difference
of the same sub~band is added to the decoding high band sub-band
power of the each calculated sub-band.

[0321]

Inaddition, after that, processes of step 3278 and step
5279 is performed and the decoding process i1s terminated.
However, their processes are ldentical with step 3217 and step
S218 in Fig. 21. Therefores, the descripticn will be omitted.
[0322]

Bydoingthe above, thedecoder 40cobtains thecoefficient
index and the pseudo high band sub~band power from the high
band encoded data cbtained by the demultiplexing of the input
code string. In addition, decoder 40 calculates the deccde
high band sub-band power using the decoded high band sub-band
power estimation coefficient indicated by the ccoefficient
index and the pseudo high band sub-band power difference.
Therefore, it is possible to improve accuracy ¢f the high band
sub-band power and to reproduce music signal having high sound
gquality.

[0323]

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

pseudo high band sub-~band power and deccded high band sub-band

91



10

15

20

25

30

SP248477TW0O03

power may be considered.
(03243

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 estimaticn 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 recorded in decoder 40
side in advance and the decoder 40 may make correctionby adding
the estimation difference between devices to the pseudo high
band sub-band power difference. Therefore, it is possible
to obtain the decoded high band signal closed to the actual
high band signal.
[3325]
<5, Fifth Embodiment>

Inaddition, inthe encoder 30inFig. 18, it is described
that thepseudohighbandsub-bandpowerdifferencecalculation
circuit 36 selects the optimal index from a plurality of
coefficient indices using the square sum E(J,id) of for a
difference. However, the circuit may select the ccefficient
index using the index different from the square sum for a
difference.
[0326]

For example, as an index selecting a coefficient index,
mean square value, maximum value and an average value of a
residual errcr ¢f the high band sub~band power and the pseudc
highband sub~-band powermaybe used. Inthiscase, theencoder
30 in Fig. 18 performs encoding process illustrated in a

flowchart in Fig. 24.
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[0327]

An encoding procesas using the encoder 30 will described
with reference to a flowchart in Fig. 24. In addition,
processes of step $301 to step S305 are identical with those
of step S181 to step $185 in Fig. 19. Therefore, the
description will be omitted. If the processes of step 8301
to step S305 are performed, the pseudo high band sub-band power
of each sub-band is calculated for each K number of decoded
high band sub-band power estimation coefficient.

[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 tc be processed for
each X number of decoded high band sub-band power estimation
coefficient.

[0329]

Indetail, the pseudohighband sub-bandpower difference
calculationcircuit 36 calculates the highband sub-band power
power (ik,J) in frames J by performing the same operatiocn as
the Equation (1) described above using the high band sub-band
signal of each sub-band supplied from the sub-band division
circuit 33. In addition, in an embodiment of the present
invention, it is possiblie to discriminate all of the sub-band
of the low band sub-band signal and the high band sub-band
using index ib.

[03307

If the highband sub-band power power {ib, J) is obtained,
the pseudo high band sub-band power difference calculation
circuit 36 calculates the following Eguation (1%) and
calculates the residual squaremean sguare valueResgpa (1d, J) .

[0331]
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[Bguation 16]

eb .
Resstq(id, )= ¥ {power (ib, J) —poweres: (ib, id, NI
ibh=sb+1 . (36)

[0332]

That is, the difference between the high band sub-band
power power (ib,J) and the pseudc high band sub-band power
powerest (ib,1d,J) is obtained with respect to each sub-band
on the high band side where the index sb+1 to eb and square
sum for the difference becomes the residual square mean value
Resgeg (id, J). In addition, the pseudc high band sub-band
POWETr DOWEeTpesy (ibh,1d,J) indicates the pseudo high band
sub=-band power of the frames J of the sub-band where the index
is ib, which is obtained with respect to the decoded high band
sub-band power estimation coefficient where index is ib.
(03331

Continuously, the pseudo high band sub-band power
difference calculation circuit 36 calculates the following
Fguaticn (17) and calculates the residual maximum value
Resmay (1d, J).

[0334]

TEquation 17]

Resuax (id, J) =max;p [|power (ib, J) —powerest (ib, id, |}
<. - (1D

[0335]

In addition, in an Equation (17},
max; s { |power {ib, J) -powerest {(ib,1d,J} [} indicates a maximum
value among absclute value of the difference between the high
band sub-band power power(ib,J) of each sub-band where the

index is sh+l to eb and the pseudc high band sub-kand power
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POWETesr {(ib,1d,J). Therefore, amaximumvalueof theabsclute
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
DOWer POWeres: (ib,1id,J) i1s set as the residual difference
maximum value Respsy (id, J).

[0336]

In addition, the pseudo high band sub-band power
difference calculation circuit 36 calculates the fcllowing
Egquation {18) and calculates the residual average value
Res,qe (1d,J) .

[0337]
[Fguation 18]

eb
Resave (id. )=[{ 2 {power (ib, J) ~powerzs (ib, id, J)}
ib=sb+
/ (eb—sb) | - - - (18)

[0338]

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-kand power power (ib,J) of the frames J and the pseudo high
band sub-band power powerest (ib,id, J} is obtained and the sum
of thedifference isobtained. Inaddition, theabsclutevalue
of a value obtained by dividing the sum of the obtained
difference by the number cf the sub-bands (eb - sb} of the
highkandsideis set asthe residual averagevalue Res.y. (id, J) .
The residual average value ReSawe(ld,J) indicates a size of
the average value cof the estimation errcr of each sub-band
that a symbol is considered.

[0339]
In addition, if the residual sguare mean Resgegq (id, J),

the residual difference maximum value Resgpay {1d,J), and the
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residual average value Resyqye {1d,J) are obtained, the pseude
high band sub-band power difference calculation circuit 36
calculates the following Equation (1%) and calculates an
ultimate estimation value Res{id,J).

[0340]

[Egquation 1%]

Res (id, J) =Resgtg (id, J) +Wpax X Resqgay (id, J) +Wave X Resaye (id, J)
< (19

[0341]

That is, the residual square average valueRes. ¢4 {id, J),
the residual maximum value Resg.y (1d,T) and the residual
average value Reszves (1d,J) are added with weight and set as
an ultimate estimation value Res(id,J). In addition, in the
Eguation (19), Wgzx and Wive 15 a predetermined weight and
for example, Wpax=0.5, Wave=0.3.

[03423

The pseudo high band sub-band power difference
calculation clrcuit 36 performs the above process and
caloulates the estimation value Res(i1d,J) for each of the K
numbers of the decoded high band sub~band power estimation
coefficient, that is, the K number of the ceefficient index
id.

[0343]

In step %307, the pseudo high band sub-band power
differance calculation circult 36 selects the coefficient
index id based on the estimation value Res for each of the
cbtained (id,J} ceoefficient index id.

[0344]

TheestimationvalueRes (id, J) obtained fromthe process

described above shows a similarity degree between the high
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band sub-band power calculated £xomthe actual highband signal
and the pseudo high band sub-band power calculated using the
decoded high band sub-band power estimation coefficient which
is the coefficient index id, That is, agize of the estimation
error of the high band component is indicated.

[0345]

. 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 operaticn using the decoded high band
sub-bandpowerestimationceoefficient. Therefore, thepseudo
high band sub-band power difference calculation circuit 36
selects the estimation value which 1s set as a minimum value
among the K numbers of the estimation value Res({id,J) and
supplies the coefficlent index indicating the decocded high
band sub-band power estimation ccefficient corresponding to
the estimation wvalue to the high band encoding circuit 37.
[0346]

If the ccoefficient index is output to the high band
encoding circuit 37, after that, the processes of step 5308
and step 8309 areperformed, the encoding process is terminated.
However, since the processes are identical with step S188 in
Fig. 19 and step 5189, the description thereof will be omitted.
[03473

As described above, in the encoder 30, the estimation
valueRes (id, J} calculatedbyusingthe residual squareaverage
value Resgeq (1d,J), the residual maximum value ReSypa., (1d,J)
and the residual average value ResSgve (1d,J) is used, and the
coefficient index of the an cptimal decoded high band sub-band
power estimation cceefficient is selected.

(03483

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 more estimation standard compared
with the case using the sguars sums for difference, it is
possible to select more suitable decoded high band sub-band
power estimation coefficient. Therefore, when using, the
decoder 40 receiving the input of the output ccde string, it
is possible to obtain the deccoded high band sub-band power
estimation coefficient, which is mostly suitable to the
frequencybandexpansionprocess andsignal havinghigher sound
gquality.

[0349]

<Modification Example 1>

In addition, 1f the encoding process described above
is performed for each frame of fthe input signal, There may
be a case where the coefficient index different in each
consecutive frame ig selected in a stationary region that the
time variationof the high band sub-band power of each sub~-band
of the high band side of the input signal is small.

[G350]

That is, since the high band sub-band power of each frame
has almost identical values inconsecutive frames constituiing
the standard region of the input signal, the same coefficient
index shouldbe continuously selected inthelir frame. However,
the coefficient index selected for each frame in a section
of the consecutive frames is changed and thus the high band
component of the voice reproduced in the decoder 40 side may
be no long statiocnary. If so, incongruity in auditcery occurs
in the reproduced sound.

(03511
Acceordingly, if the coefficient index is selected in

the enceder 30, theestimationresult of thehighband component
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in the previous frame in time may be considered. In thiscase,
encoder 30 inFig. 18 performs the enceding process illustrated
in the flowchart in Fig. 25. |
[0352]

As described below, an encoding process by the encoder
30 will be described with reference to the flowchart in Fig.
25. In addition, the processes of step S331 to step 5336 are
identical with those of step $301 tec step 5306 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 S337.
(03543

Specifically, the pseudo high band sub-band power
differencecalculationcircuit 36 records the pseudohighband
sub~band power of each sub-band cbtained 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 procegsed by one in time. Herein, the finally
selected coefficient index is referred to as a coefficient
index output to the deccder 40 by encoding using the high band
encoding circuit 37.

[0355]

Asdescribedbelow, inparticular, thecoefficient index
id selected in frame {(J-1) 1s set to &3 idsaiectea(J-1}. In
addition, the pseudo high band sub-band power of the sub-band
that the index obtained by using the decoded high band sub-band

power estimation coefficient of the coefficient index

" idgelecrea{d-1} is ib (where, sb+l<ibgeb) is continucusly

explained 85 powerest (lbr idsal@cted(J_l) r J_l) .

99



10

20

Z5

SP248477TWO03

[0356]

The pseudo high band sub-band power difference
calculation circuit 36 calculates firstly folleowing Equation
{20) and then the estimation residual sguare mean value
ResPs;q (id, d) .

[0357]
[Equation Z20]

b
Respstd(id, ‘}) - ez {powerest(ib, idseles’ced (J“T) . J“‘"‘ﬂ

ib=sh+1

—poweres:{ib, id, )} c e (20)

[0358]

That is, the difference between the pseudo high band
sub-band power poweérest (ib, idselectea{d-1),JT-1} of the frame
J-1 and the pseudc highband sub~band power - powerssc (ib,id, J)
cf the frame J is obtained with respect to each sub~band of
the high band side where the index is sb+l toeb. In addition,
the square sum for difference thereof is set as estimation
errcr difference square average value ResPgiq (1d,J). In
addition, the pseudc high band sub-band power
- (pOWeres: (il,1d,J) shows the pseude high band sub-band power
of the frames {J) of the sub-band which the index is ib which
iz obtained with respect to the decoded high kband sub-band
power estimation cecefficient where the coefficient index is
id.

[0352]

Since this estimation residual sguare value
ResPgre (1d,J) i3 the of square sum for the difference of pseudo
high band sub-band power between frames that is continucus
in time, the smaller the estimation residual square mean

ResPyrg (1d,J) is, the smaller the time variation cf the
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egtimation value of the high band compcnent is.
(03601

Continucusly, the pseudc high band sub-band power
difference calculation circult 36 calculates the fcllowing
Equation (21) and calculates the estimation residual maximum
value ResPha. (id, J).
[0361]
[Bquation 21}

RﬁSPmax(id. J) =maXis {[powerast(ib. idsalected (J"U . J—1)

—powerest (ib, id, B 1] - - = (20

[0362]

In addition, in the Equation (21},
maxip { | powerest {ib, idsetectea (I-1) ,J~1) —power.s¢ (ik,1id, J) | }
indicates the maximum absolute value of the difference between
the pseudo high band sub-band power
powere st (ib, idselectea (J-1} , -1} of each sub-band in which the
index is sb+1 tc eb and the pseudo high bhand sub-hand power
powerest (ib,1d,J). Therefore, the maximum value of the
absolute valus of the difference between frames which is
continuous in time is set as the estimation residual error
difference maximum value ResP,.. ({id,J).

[0263]

The smaller the estimation residual error maximum value
ResPpa.x (id,J) 1s, the closer estimation result of the high
pand component between the consecutive frames is closed.
[0364]

If the estimation residual maximum value ResPp,« (id, J)
is obtained, next, the pseudo high band sub-band power

difference calculation circuit 36 calculates the following
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Egquation (22) and calculates the estimation residual average

value ResP,.. (id,J.
[0365]
[Egquation 22]

eb
ResPaye (id, J) :“[ 2 lpowerest (ib, idseiecteaWW—1), J=1)
ib=gh+1
—powerest (ib, id, )} )/ (eb—sb) | s e (2D

[0366]

That is, the difference between the pseudo high band
sub~band power poweres: (ib, 1Csetectea(I-1}),IJ-1} of the IZrame
(J-1) and the pseudohighband sub-band power powers s+ {ib, 1d, J}
of the frame J is obtained with respect to sach sub-band of
the high band side when the index is sb+l toeb. In addition,
the absolute value of the value cbtained by dividing the sum
of thedifference of each sub~-bandby the number of the sub~bands
{eb - sb) of the highband side is set as the estimation residual
average ResP.ve {1d,J). Theestimationresidual erroraverage
value ResP, . (1d,J) showé 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, iftheestimationresidual sguaremeanvalue
ResPyrqg {(1id,J), the estimation residual error maximum value
ResPpax (1d,J) and the estimation residual average value
ResPsve (1d,J) arecbhtained, thepseudohighbandsub-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) =ResPgseq(id, J) +Wpax X ResPra (id, J)

'i“wava X Respave ( I d, \}) " (23)

[0369]

That 1s, the estimation residual square value
ResPsirq (1d,J), the estimation residual error maximum value
ResPnax (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). 1In addition, in Egquation {23}, Wmnax and
Wave are a predetermined weight, for example,
Wanax=0.5, Wave=0.50.

[0370]

Therefore, if the evaluation value ResP{id,J) using the
past frame and the current value is calculated, the process
proceeds from the step 5337 to 3338.

[0371]

In step 5338, the pseudo high band sub-band power
differencecalculationcircuit36calculates the Equation {24)
and calculates the ultimate estimation wvalue Res,i(id, J).
[03723

[Equation Z24]

Resa| (id, Jy =Res (id, J) +W, (J) X ResP (id, ) < - (28)

[0373]

That is, the obtailned estimation value Res(id,J) and
the estimation value ResP(id,J} are added with weight. In
addition, in the Equation (24}, W, {J), for example, is a weight
defined by the following Equaticon (25).

[0374]
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[Equation 23]

W (&) =+
! 0 (otherwise) T2
[0375]

In addition, powery {J} in the Egquation (25) is a value
5  defined by the following Eguation (26).
[0376]

[Eguation 26]

eb
power, (J) = S {power (ib, J) —power (ib, —1)}* |/ (eb~sb)
. ib=sb+1
- - - (26)
[0377]
i0 This power. {J) shows the average of the difference

between the high band sub~band powers of frames (J-1}and frames
J. Inaddition, accordingtotheEquation {25}, whenpower, {J)
is a value of the predetermined range in the vicinity of 0,
the smaller the powsr, (J), Wp (J) is closer toc 1 and when
15 power, {J) is larger than a predetermined range value, it is
set as 0.
[0378]
Herein, when power, (J} is a value of a predetermined
range in the vicinity of O, 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 component of the input signal is small and the
current frames of the input signal become steady region.

[0378]
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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 isnot steady, the weight (W, (J) becomes
a value close to 0. Therefore, in the estimation value
Resap(id, J) shown in Equation (24}, ags the time variety of
the high band component of the input signal becomes small,
the coefficient of determination of the estimaticn value RespP
(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 isselectedandin the deccder
4% side, it is possible to more naturally reproduce the sound
having high guality. Whereas in a non-steady region of the
input signal, a term of estimation value ResP(id,J) in the
estimation value Res,;1(id,J) is set as 0 and the decoded high
band signal closed to the actual high band signal is obtained.
[0381] '

The pseudo high band sub-band power difference
calculation circuit 36 calculates the estimation value
Res,i1{id, J) for each of the K number of the decoded high band
sub-band power evaluation coefficient by performing the
above-mentioned processes,

(03821

In step 8339, the pseudo high band sub-band power
difference calculation circuit 36 selects the ccocefficient
index id based on the estimation value Res,;1{id,d) for each

obtained decoded high band sub-band power estimation
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coefficient.
[0383]

The estimation value Res,;;(id,J) obtained from the
processdescribedabove linearly combines theestimationvalue
Res (id, J) and the estimation value ResP{id,J) using wesight.
Asdescribedabove, thesmaller theestimationvalueRes (id, J),
a decoded high band signal closer to an actual high band signal
canbe obtained. Inaddition, thesmaller theestimaticnvalue
Resé(id,J), a decoded high band signal cleser to the decoded
high band signal of the previous frame can be obtained.
103841

Therefcre, the smaller the estimation value Res.yy (1d, J),
a more suitable decoded high band signal is obtained.
Therefore, the pseuds high band sub~band power difference
calculation circuit 36 selects the estimation value having
aminimum value in the K number of the estimation Res.y (id, J)
and supplies the coafficient index indicating the decodedhigh
band sub-band power estimation coefficient corresponding to
this estimation value to the high band encoding circult 37.
03851

If the coefficient index is selected, after that, the
processes of step 8340 and step 5341 are performed to complete
the encoding process. However, since these processes are the
same as the processes of step S308 and step S309% in Fig. 24,
the description thereof will be omitted.

[0386]

As described above, in the encoder 30, the estimation
value Resg;i(id,J) obtained by linearly combining the
estimationvalue Res{id,J) andtheestimationvalueResP(id, J)
is used, so that the ceoefficient index of the optimal decoded

high band sub-band power estimation coefficient is selected.
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[03871

If the estimation value Res,y{(id, J) is used, as the case
uses the estimaticn value Res{id,J), it is possible Lo select
a more suitable decoded high band sub-band power estimation
coefficient by more many estimation standards. However, if
the estimation value Res.i;(id,J) is used, it is possible to
contrel the time variation in the steady region of the high
band component of signal to be reproduced in the decoder 40
énd it is possible to obtain a signal having high quality.
(03881
<Mcdification Example 2>

By the way, in the frequency band expansion process,
if the sound having high guality is desired tc be cbtained,
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
side as the estimation accuracy of the sub-band cleose te the
low band side become larger, 1t is possible to reproduce sound
heving high quality.

[0389]

Herein, when the estimation value with respect to each
decoded high band sub-band power estimaticn coefficient is
calculated, a weight may be placed cn 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.
[03%0]

Hareinafter, the encoding process by the encoder 30 will
be described with refaerence to the flowchart in Fig. 26, In
addition, theprocessesof stepsS371tostepS3idareidentical
with those of step $331 to step 3335 in Fig. 25. Therefore,
the description thereof will be omitted.

[0391]
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In step 35376, the pseudo high band sub-band power
difference calculationcircuit 36calculatesestimationvalue
ResWoanaq (id, J) using the current frame J to be precessed for
each of the X number of decoded high band sub-band power
estimation coefficient.

[0392]

Specially, the pseude high kand sub-band power
difference calculation circuit 36 calculates high band
sub-band power power {ib, J) in the frames J perfqrming the .same _
operation as the above-menticned Eguation (1) using the high
band sub~band signal of each sub-band supplied from the
gub~band division circuit 33.

(03931

If the high band sub-band power power {(ib, J) is cbhtained,
the pseudo high band sub-band power difference calculation
circuit 36 calculates the following Equation 27 and calculates
the residual square average value ReSzcaqWpang (id4,J).
[03%94]

[Egquation 27]

b
Ress‘cdwbaﬂd(ib, J) = EZ {Wband (Eb) X {QOWE?" (ib, J)
f=gh+1

—powerest (ib, id, )1} N ¢))

[0395]

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 (powereg: {ib,1id,J) is obtained and the
difference is multiplied by the weight Wyang (ib} for each
sub-band, for each sub-band on the high band side where the
index is sk+l to eb. In addition, the sum of sguare for

difference by which the weight Wpana (ib) is multipliied is set
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as the residual error square average value Res;caWoang (14, 7).
[03986]

Herein, the weight Wpanaq {ib) {where, sb+l<ib=<eb is
defined by the following Equation 28. For example, the value
of the weight Wpana (1b) becomes as large as the sub-band of
the low band side.

[0397]
[FEquation 28]

Wband(ib)z":&:;(—"&"{"li oo (28)
[0388]

Next, the pseuds high band sub-band power difference
calculation circuilt 36 calculates the residual maximum value
RespaxWoana (1d,J) . Specifically, the maximum value of the
absclutevalueof thevaluesmultiplyingthedifferencebetween
the high band 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
DoOWerest (ib,1id, J) bytheweightWsang (ib) issetastheresidual
error difference maximum value ReSpaxWpanag (1d,J).

[0388]

In addition, the pseudo high band sub-band power
difference calculation circuit 36 calculates the residual
error average value ResSaveWpana {1d,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 (1b,J) and the pseudo high band sub-band power
powersst (ib,1id, J) is cbtained and thus welght Wpang (1b) is
multipiied so that the sum total o¢f the difference by which
the weight Wpana (ib)ismultiplied, is ocbtained. 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 Res;yeWpane (1d,J).
[0401]

In addition, the pseude high band suk-band power
difference calculation circult 36 calculates the evaluaticn
value ReaWuana{1d,J) . That is, the sumof the residual squares

mean value ResSgiaWeana (1d,J}, the residual error maximum value

| ReSpaxWpana {id, J) that the weight (Wa) is multiplied, and the

residual error average value Res,ewWpepa(id,J) by which the
welight (Wawe)ls multiplied, is set as the average value
ResWpana (1d, J) .

[0402]

In step 8377, the pseudo high band sub-band power
differencecalculationcircuitiécalculates theaveragevalue
ResPWpana (1d, J) using the past frames and the current frames.
[0403]

Specially, the pseudc high band sub-band power
difference calculationcircuit 36 records the pseudo highband
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 earlier than the frame (J) to be processed
in time.

[0404]

The pseudo high band sub-band power difference
calculation circult 36 first calculates the estimation
residual error averadge value ResPirgWbhang (id,J). That is,
for each sub-band on the high band side in which the index
is sb+l to eb, the welght Wpang {ib)is multiplied by cbtaining

the difference between the pseudo high band sub-bkand power
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pPoOWeTrese (1b,1dsetectea {J~1),J-1}) and the pseudo high band
sub-band power power.s: {ib,1id,J). In addition, the squaresd
sum of the difference from which the welgh Wpang (ib) 1s
calculated, is set as the estimation error difference average
value ResPitgWpang (1d,J) .

[0405]

The pseudo high band sub-band power difference
calculationcircuit 3é continuously calculates the estimation
residual errormaximumvalue ResPpaxWoang (14, J) . Specially,
themaximumvalue of the absolute value obtainedbymnultiplying
the difference betwsen the pseudo high band sub-band power
powera.sr (ib,1dserecreq (J-1),I~1) of each sub-band in which
the index is sb+l to eb and the pseudo high band sub~band power
~pPOWELes st (ib,1d,J) by the weight Wpana (ib) is set as the
estimation residual errormaximum value ResPyp.xWpana (14,J) .
[04ae]

Next, the pseudo high band sub~band power difference
calculation circuit 36 calculates the estimation residual
error average value ResPiyeWpana{id,J). Specially, the
difference between the pseudo high band sub-~band
powerest (1, idserectea (J-1),Jd-1) and the pseudo high band
sub-band power poweres¢ {ib,1d,J) is obtained for each sub-band
where the index ig sb+l to eb and the weight Wpanas (ib) is
multiplied. In addition, the sum total of the difference by
which the weight Wpang (ib) ismultiplied is the absclute value
of the values obtained by being divided into the number (eb-sb)
of the sub-bands of the high band side. However, 1t 1s set
as the estimation residual errcr average value
ResPaveWpana (1d,J).

[0407]

Further, the pseudo highband sub-band power difference
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calculation circuit 36 obtains the sum of the estimation
residual error square average value ResPsca Woand (1d, J) of the
estimation residual error maximum value ResPpaxWhana{1d,J) by
which the weight Wpay ismultiplied and the estimation residual
error average value ResP.yeWpapa {id, J} by which the welght Waee
is multiplied and the sum is set as the estimation value
ResPWyang (1, J) .

ro4as] _

In step 8378, the pseudo high band sub-band power
difference calculation circult 36 adds the evaluation value
ResWpana (1d,J) to the estimation value ResPWpang (1d,J) by
which the weight Wy (J) of the Eguation (25) is multiplied to
caleulatethe final estimationvalueRes 11 Wpana (1d,J) . This
estimation value Res,1:1Weang (1d,J) 18 calculated for each of
the X number decoded high band sub-band power estimation
coefficient.

[0409]

In addition, after that, the processes of step S379 o
step S381 are performed to terminate the encoding process.
However, since their processes are identical to those of with
step 8339 to step $341 in Fig. 25, the description thereof
is omitted. In addition, the estimation wvalue
ReS,11Weana (1d,J) 13 selected to be a minimum in the K number
of coefficient index in step S$379.

[041C]

As described above, in order to place the welight in the
sub-pand cf the low band side, it is possible te obtain sound
having further high guality in the dececder 40 side by providing
the weight for each ¢f 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 described as being pérformed based on
theestimationvalueRes,11Weanag {1d,J). However, the decoded
highbandsub-bandpowerevaluationcoeificientmaybeselected
based cn the estimation value ResWpanag (1d,J).

[0412]

<Modification Example 3>

In addition, since the auditcry of person has a property
that properly perceives a larger frequency band cf the
amplitude {power), the estimation value with respect to each
decoded high band sub-band power estimation coefficient may
ke calculated so that the welght 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 below
withreferencetotheflowchartinE&g.27, Inaddition, since
the processes of step 8401 to step S405 are identical with
those of step S331 to step S335 in Fig. 25, the description
thereof will be cmitted.

[0414]

In step S406, the pseudo high band sub-band powerxr
difference calculation circuit 36 calculates the estimation
value ResWpower (1d, J) using the current frame J tobe processed
for the K number of decoded high band sub~band power estimation
coefficient.

[0415]

Specifically, the pseudc 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
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same operation as the Equation (1) described above by using
a high band sub-band signal of each sub-band supplied from
the sub-band division circuit 33.

[0416]

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 Eguation (28) and
calculates the residual error sguares average value
ResstaWpower (1d,J) .

[04171
{Equation 29]

eh
RessiqWoower (id, ) = % {Woower (power (ib, J))

ib=sh+1

><{gowar(ib,J)——pswerest(ib,id,d)}}z

- - = (29)
[0418]

That is, the difference between the high band sub-kand
power poweres: {ib, J) and the pseudo high band sub-band power
powerg {ib,1id, J) is obtained and theweight Wyosue: (power (ib, J)
for sach of the sub-bands is multiplied by the difference
thereof with respect to each band cof the high band side in
which the index is sb+l to eb. In addition, the sguare sum
of the difference by which the weight Wy,we. (power{ib, J} is
multiplied by set as the residual error squares average valus
ResscaWpower (1d,J).

[0419]

Herein, the weight Wpewer (power {ik,J} (where,
sh+1<ib<eb), for example, is defined as the following Equatiocn
(30). As the high band sub-band power power{ib,J) of the
sub-band becomes large, the value of weight Wpower (power (ib, J)

beccomes larger.
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[04z0]

[Egquation 30]

3 |
Wooyer (poWEr (ib, J)) = = ”°w§g('b’ D, 385 . - . (30)

[0421]

Next, the pseudo high band sub-band power difference
calculation circuit 36 calculates the residual error maximum
value ReSpaxWoower (1d,J). Specially, the maximum value of
the absclute valuemultiplying the difference between the high
band sub-band power power (ib, J) of the each sub-band that the
index is sb+l to eb and the pseudo high band sub-band power
poweres (ib, 1d, J) by the weight Wyower (power (ib,J)}1is set as
the residual error maximum value ReSpaxWpower {1d,J) .
(0422}

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

[0423)

Specially, in each sub-band where the index is sb+l to
eb, the difference between the high band sub-band power
powear {ib,J) and the pseudeo high kand sub-band power
powerest (ib,1d,J) is obtained and the weight by which
(Woower (power (ib, J) is multiplied and the sum total of the
difference that the welght Woouer (power (ib,J)) ismultiplied
is obtained. In addition, the absclute value ¢f the values
cbtained by dividing the sum total of the cbtained difference
intc the number of the high band sub-kand and eb-sb} 1is set
as the residual error average ReSaveWpower{(1d, J).

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

calculation circult 36 calculates the estimation value
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ResWoouwer (1d,J) . That is, the sum of residual sguares average
value ResgraWpower (1d, T}, the residual error difference value
Re SnaxWpower (1d, J) by which the weight (Wp.x) is multiplied and
the residual error average value ReSaveWpower(1id,J) by which
the welght (Wave) 18 multiplied, is set as the estimation value
ResWpower (1d, J) .

[0425]

In step S$407, the pseudo high band sub-band power
difference calculation circuit 36 calculates the estimation
value ResPWpower {1d,J) using the past frame and the current
frames.

[0426]

Specifically, the pseudo high kand sub-band power
differencecalculationcircuit 36 records the pseudo highband
sub-band power of each sub-band cbtained by using the decoded
high band sub-band power estimation ccefficient 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 and sub-band power difference
calculation circult 36 first calculates the estimation
residual square average value ResPycaWpower (1d,J) . That is,
the difference between the pseudo high band sub-band power
POWeTrese {1b,1dJ) and the pseudec high band sub-band power
(poweres: (1b,1dseiecteq (J=1}),T-1) is obtained tomultiply the
welght Woower (Power (ib, J}, with respect to each sub-band the
high-band side in which the index is sb+1 and eb. The square
sum of the difference that the weight Wpower (Power (ib,J} is
multiplied is set as the estimation residual sgquare average

value ResPsegWpower (14, T) .
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[0428]

Next, the pseudo high band sub-band power difference
calculation circuilt 36 calculates the estimation residual
error maximum value ResPnaxWpower {1d,J) . Specifically, the
absolute value of the maximum value of the values multiplying
the difference between the pseudo high band suk-band power
DOWeTese (1D, idsc1ectea (T-1),I-1) of each sub-band in which the
index is sb+l to as eb and the pseudo high band sub-band powex
powerest¢ (ib,1d,J) by the weight Wpower(power(ib,ﬁd is set as
the estimation residual error maximum value
ResPraxWpower (1d,J) .

[0429]

Next, the pseudo high band sub-band power difference
calculation circuit 36 calculates the estimation residual
error average value ResSPaveWpower {1d,J). Specifically, the
difference between the pseudo high band sub-band power
poweres: (1b,1dsec1ecteq (J-1),J-1) and the pseudec high band
sub-band power poweres¢ {1k, 1d, J) is obtained with respect to
each sub-band in which the index is sb+l to eb and the weight
Weowe: (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 Woowe: (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
ResPaveWpower (1d, J) .

[0430]

Further, the pseudo high band sub~band power difference
calculation circuit 36 obtains the sum of the estimation
residual squares mean value ResPeraWpowe: (1d,J), the
estimation residual error maximum value ResPraxWpower (1d,J) by

whichthewelght (Wy.x)ismultipliedandtheestimationresidual
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error average value ResPuveWpower (1d,J) that the weight (Wave)
ismultiplied is obtained and the sum is set as the estimation
value ResPWoower {(1d,J) .

(0431}

In step S408, the pseudo high band sub-band power
difference calculation circuit 36 adds the estimation value
ResWpower (id,J) to the estimation value ResPW,swer (1d,J)
by which the weight Wy (J)of the Eguation (25) is multiplied
to calculate the final estimation value Resz11Woower (1d, T} .
The estimation value Resallwpower(id,J) is calculated from
each Knumber of the decoded highband sub-band power estimation
coefficient.

[0432]

In additicon, after that, the processes of step 3409 to
step S$411 are performed to terminate the encoding process.
However, since these processes are idenitical with these of
step 8339 to step 8341 in Fig. 25, the description thereof
is omitted. In addition, in step 540%, the coefficient index
in which the estimation value Resgi11Woower (id,J) 15 set as
a minimum is selected among the K number of the cocefficient
index.

(04331

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

[0434]

In addition, as described above, the selection of the
decoded high band sub-band power estimation ceefficient has
veendescribedasbeingperformedbasedon the estimationvalue

ReSa11Woower (1d,J) . However, the decoded high band sub-band
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power estimaticn coefficient may be selected based on the
estimation value ResWpower (1d,J).

[0435] _

<6. Sixth embodiment>

[Configuration of Coefficlent Learning Apparatus]

By the way, & set of a coefficient Ay (kb)) as the decoded
high band sub-band power estimation coefficient and a
coefficient By 1is recorded in & deccder 40 in Filg. 20 to
corréspond to the coefficient index. For example, if the
decoded high band sub-band power estimation coefficient of
128 coefficlent index is recorded in decoder 40, a large area
is needed as the recording area such as memory for recording
the deccded high band sub-band power estimation coefficient
thereof.

[0436]

Herein, a portion of a number of the decoded 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 ccocefficient learning apparatus 81 includes a
sub-band division circuit 91, a high band sub-band power
calculation circuit 92, a characteristic amount calculation
circuit 93 and & coefficient estimation circuit 94.

[0438]
A plurality of compositicn data using learning is

provided in a plurality of the coefficient learning apparatus
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81 as a broadband instruction signal. The brocadband
instructicn signal is a signal including a plurality of
sub-band component of the high band and a plurality of the
sub-band components of the low bkand.

104397

The sub-band divisiocon circuit 81 includes the band pass
filterandthe like, divides the suppliedbroadbandinstruction
signal into a plurality of the sub-band signals and supplies
tothe signals the highband sub-band power calculationcircuit
92 and the characteristic¢ amcunt calculation circuit 93.
Specifically, the high band sub-band signal of each sub-band
of the high band side inwhich the index is sb+1 toeb is supplied
to the high band sub-band power calculation circuit %2 and
the low band sub-band signal of each sub-band of the low band
inwhichthe indexissb-3tesbissuppliedtothecharacteristic
amount calculation circuit 93.

[0440]

The high band sub-band power calculation circuit 92
calculates the high band sub-band power of each high kand
sub-band signal supplied from the sub-band division circuit
91 and supplies it to the coefficient estimation circuit 34.
The characteristic amount calculation circuit 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
1t to the coefficlent estimation circuit 94.

[0441]

The coefficient estimation circuit %4 produces the
decoded high band 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 andthecharacteristicamount fromthe characteristicamount
calculation circuit 93 and outputs to decoder 40.

[0442]

[Description of Coefficient Learning Process]

Next, a ceefficient learning process performed by &
coefficient learning apparatus 81l will be described with
reference to a flowchart in Fig. 29.

[0443]

In step S431, the sub-band division circuit 91 divides
each of a plurality of the supplied broadband instruction
signal inte a plurality of sub-band signals. In addition,
the sub-band divisicen clircuit 91 supplies a high band sub~band
signal of the sub-band that the index is sb+l tc 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 sh~3 to sb to the characteristic amount calculation circuit
93.

[0444]

In step 5432, the high band sub-band power calculation
circuit 92 calculates the high kand sub-kband pocwer by
performing the same operation as the Equation (1) described
above with respect to each high band sub-band signal supplied
from the sub-band division circuit 91 and supplies it to the
coefficient estimation circuit 294.

[0445]

In step S433, the characteristic amount calculation
circult 93 calculates the low band sub-band power as the
characteristic amount by performing 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 94.
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[0446]

Accordingly, the high band sub-kand 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 8434, the coefficient estimation circuit 94
calculates a coefficient Ayp(kb) and a coefficient Biy by
performing the regression of analysis using lesast-squares
method for each of the sub-band ib {where, sb+l<ibseb) of the
high band in which the index is sbk+l to eb.

[0448]

In the regression analysis, it is assumed that the low
pand sub-band power supplied from the characteristic amount
calculation circuit 93 is anexplanatory variable and the high
band sub-band power supplied from the high band sub-band power
calculationcircuit 92 is anexplainedvariable. Inadditien,
the regression analysis is performed by using the low band
sub-band power and the high band sub-band pecwer of the whole
frames constituting the whole broadband instruction signal
supplied to the ccefficilent learning apparatus B1.

[0445]

In step 5435, the coefficient estimation circult 24
ehtains the residual vector of esch frame of the broadband
instruction signal usingaccefficient Ay, (kbandacoefficient
{Bip) for each of obtained sub-band ib.

[0450]

For example, the coefficient estimation circuit 24
obtains the residual error by subtracting the sum of total
of the lower band sub-band power power{kb, J} (where,

sb-3<kbssh) that is acguired by the coefficient is AibA;y (kb)
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thereto coefficient By multiplied from the high kband power
( (power (ib, J) foreachof the sub~-band ib (where, sb+lsibseb)of
the frame J and. In addition, vector including the residual
error of each sub-band ik 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
gignal supplied tc the coefficient learning apparatus B81.
[0452]

In step S436, the coefficient estimation circuit 384
normalizes the residual vector obtained with respect to each
frame. For example, the coefficient estimation circult 94
normalizes, for each sub-band ik, the residual vector by
obtaining variance of the residual of the sub-band ib of the
residual vecteor of the whole frame and dividing a residual
error of the sub~band ib in each residual vector into the square
root of the variance.

[0453]

In step 5437, the coefficient estimation circuit 94
clusters the residual vector of the whole normalized frame
by the k-means method or the like.

[0454]

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

frequency snvelope having smaller power than the average
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frecuency envelope SA i1s frequency envelope SL.
[0455]

In this case, each residual vector of the coefficient
inwhich the frequency envelope close to the average frequency
envelop SA, the freguency envelop SH and the frequency envelop
SL is obtained, performs clustering of the residual vector
socas tobe included inacluster CA, a cluster CH, and a cluster
Ci,, 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 compenent based on a correlaticn of the low band
component and the high band component, in terms of this, if
the residual vector is calculated using the coefficient Ay
(¥b) and the coefficient By cbtained from the regression
analysis, the residual errcor increases as much as large as
the sub—-band cf the high band side. Therefore, the residual
vector is clustered without changing, the weight is placed
in as much asg sub-band cf the high band side toperformprocess.
[0457]

In this contrast, in the coefficient learning apparatus
81, wvarilance of the residual error of each sub-band is
apparently equal by normalizing the residual vectcr as the
variance of the residual error of the sub-band and clustering
canbeperformedbyproviding the equal welght toeach sub-band.
[0458]

In step 5438, the coefficlent estimation circuit 94
selects as a cluster to be processed of any one of the cluster
CA, the cluster CH and the cluster CL.

[0459]
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In step 5439, the coefficient estimation circuilt 94
calculates A (kb) and the coefficient Biyyef each sub~-band
ib{where, sb+l<ib=eb) by the regressicn analysis using the
frames of the residual vector included in the cluster selected
as the cluster to be processed.

[0460]

That is, i1f 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-band 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-sguaresmethodisperformed.
Accordingly, the coefficient Ajy(kk} and the coefficient Biy
is obtained for each sub-band ib.

[0461]

In step 5440, the coefficient estimation circuilt 94
ocbtains the residual vector using the ceefficient Ay (kb) and
the coafficient Biy obtained by the process of step 5439 with
respect the whole frame to be processed. Inaddition, instep
5440, the same process as the step S435 is performed and thus
the residual vector of each frame to be processed is cbtained.
[0462]

In step $441, the coefficient estimation circuit %4
normalizes the residual vector of each frame to be processed
obtained by process of step S440 by performing the same process
as step 8436. That is, nermalization 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 %4

clusters the residual vector of the whole normalized frame
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o 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-bandpower estimationcoefficientsof 128 coefficient
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
broadband instruction signal supplied to the coefficient

learning apparatus 81.

[0464]

In step S443, the coefficient estimation circuit 94
obtains a center of gravity vector of each cluster cbtained
by process of step S5442.

[0465]

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

(04661

Specifically, instepS$438, itisassumedthat thecluster
CA is selected as a cluster to be processed and F clusters
are cbtained by clustering in step S442. When one cluster
CF of F clusters is focused, the decoded high band sub-band
power estimation coefficient of a coefficient index of the
ciuster CF is set as the coefficient Aip(kb) in which the
coefficient A (kb) obtained with respect to the cluster CA
in step S439 is a linear correlative term. In addition, the

sum of the vector performing a reverse process (revearse
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normalization) of a normalization performed at step 8441 with
respect to center of gravity vector of the cluster CF obtalined
from step 5443 and the coefficient By, obtained at step 3438
is set as the coefficient Ri, which is a constant term of the
decoded high band sub-band power estimationcoefficient. The
reverse nermalization is set as the process multiplying the
same value (root square for each sub-band)} as when keing

normalized with respect to each element of center of gravity
vector of the cluster CF when the normalization, for example,
performed at step S441 divides the residual error into the
root sguare of the variance for each sub-band.

[0467]

That is, the set of the coefficient Aijp{kbk) cbtained
at step 5439 and the coefficient Bi, obtained as described
is set as the decoded high band sub-band power estimation
coefficlent of the coefficient index of the cluster CF.
Accordingly, each of the F clusters ocobtained by clustering
commenly has the coefficient Ain(kb) obtained with respect
teo the cluster CA as the linear correlation term of the decoded
high band sub-band power estimation coefficient.

[0468]

In step S444, 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 S438 and the process described is repeated. That is,
the next cluster is selected to be processed and the decoded
highband sub-bandpowerestimationcoefficientiscalculated.
[0469]

In this contrast, in step 3444, if it is determined that
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the whele cluster is processed, since a predetermined number
of the decoded high band sub-band power to be cobtained is
calculated, the process proceeds to step 5445,

[0470]

In step 5445, the coefficient estimation circuilt %4
cutputs and the obtained coefficient index and the decoded
high band sub-band power estimation coefficient to deccder
40 and thus the coefficient learning process is terminated.
(04713

For example, in the decoded high band sub-band power
estimationcoefficientscutput todeccder 4, thereareseveral
same coaefficients A, {kb) as linear correlation term. Herein,
thecoefficient learningapparatus 8l corresponds tothe linear
correlation term index (pointer) which is information that
specifies the coefficient Aj,(kb) to the coefficient Ay (kb)
common to therecf and corresponds the ccefficient By which
is the linear correlation index and the constant term to the
ceefficient index.

[0472]

In addition, the coefficient learning apparatus 81
supplies the corresponding linear correlation term index
{pointer) and a coefficient Aj,(kb), and the corresponding
coefficient index and the linear correlation index {pointer)
and the coefficient Bj, to the decoder 40 and records them in
a memory in the high band decoding circuit 45 of the deceder
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) 1s stored in the
recording area for each decoded high band sub-band power
estimation coefficient with respect to the commen lineax

correlation term, it is possible to reduce the reccrding area

128



10

15

20

25

36

SP248477W0O03

remarkably.
[0473]

In this case, since the linear correlation term index
and to the coefficient Ai;,(kb)are recorded in the memory in
the high band decoding circuit 45 to correspond to each other,
the linear correlation term index and the coefficient B, are
obtained from the coefficient index and thus it is possible
to obtain the coefficient Aj(kb) from the linear correlation
term index.

[0474]

In addition, according to a result of analysis by the
applicant, even though the linear correlation term of a
plurality of the decoded high band sub-band power estimation
coefficients is communized in a three-pattern degree, 1t has
known that deterioration of sound guality of audibility of
sound subjected to the frequency band expansion precess does
not almost occur. Therefore, it 1s possible for the
coefficient learning apparatus 81 to decrease the recording
area required in recording the decoded highband sub-band power
estimation coefficient without deteriocrating sound quality
of sound after the frequency band expansicn process.
(04751

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

[0476]

Inaddition, in the coefficient learningprocess in Fig.

29, the description is made that the residual vector is

normalized. However, the normalization of the residual
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vector may not be performed in one or both of step 3436 and
step S5441.
(4773

In additicn, the normalization of the residual vector
is performed and thus communization of the linear correlation
term of the decoded high band sub-band pcwer 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 of the decoded high band sub-band power
estimation coefficient to be cobtained. In addition, the
frames of the residual error included in each cluster are used
to perform the regression analysis for each cluster and the
decoded high band sub-band power estimation coefficient of
gach cluster is produced.

[5478]
<7. Seventh Embodiment>
[Regarding Sharing of Coefficient Table]

Incidentally, in the above description, it has been
described that, in order to obtain the high band sub-kand
signals of the sub-band ib on the high band side in which the
index is ib (wherein, sb+l<ibgeb), the coefficients Ay (sb-3)
to Aip(sb) and the ceoefficient Bip as the decoding high band
sub-band power estimation coefficients are used.

[0479]

Since the high band compeonents includes {eb-sb)
sub-bands of the sub-bands sb+l to eb, a ccefficient set
illustrated in, for example, Fig. 20 is necessary in crder
to obtain a decoded high band signal including the high band
sub-band signals of the respective sub-bands.

10480]
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That is, the coefficients Agps: (8b-3) to Bgpir {sb) in the
uppermost row of Fig. 30 are coefficients which aremultiplied
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 cf the sub-band sb+l. In addition,
the coefficient Bge+1 in the uppermost row of the drawing is
aconstant termof a linear combination of the lowband sub-band
powers for obtaining the decoding high kand sub-band power
of the sub-band sb+l.

[0481]

Similarly, the coefficients Bep(sb=~3) Lo Ag{sb) in the
lowermcst row of the drawing are coefficients which are
multiplied 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 eb. In
addition, thecoefficient Bepin the 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 of 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 cne coefficient index. Hereinafter,
these Sx{eb-sb)} coefficient sets as the decoding high band
sub~band power estimation ccefficilients will be referred to
as the coefficient tables.

[0483]

For example, when it 1ls attempted to obtain the decoded

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

ceoefficienttableillustratedinFig. 30 lackstheccefficients
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and thus the decoded high band signals are not obtained
appropriately. Conversely, when it is attempted to cobtain
the decoded high band signals including less than (eb-sb)
sub-bands, the coefficient takle illustrated in Fig. 30 have
many redundant coeoefficients.

[0484]

Therefore, in the enceder 30 and the deccder 40, many
coefficient tables shouldbe recorded in advance to correspond
to the number of sub-bands constituting1juad@coded}ﬁ@ﬂiband
signals and thus there is a case where the size of a recoding
area where coefficient tables are recorded 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 numbears
of sub-bands may ke handied.

[0486]

Specifically, for example, it is assumed that a
coefficient table of a case where Index eb=sb+8 is recorded
in the encoder 30 and the deccder 40. In this case, when the
respective coefficients constituting the ceoefficient table
are usad, the decoded high band signal having 8 sub-bands can
be cbtained.

[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+l to sb+10,
the coefficient table which is recorded in the encoder 30 and
the decoder 40 lacks coefficients. That is, the coefficients

Bip{kbk)} and B.y, of the sub-bands sb+% 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 obtained. Here, in the
drawing, the horizontal axis represents the freguency 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.

[048%]

In an example of Fig. 31, the ceocefficients Agpie(sb—3)
£0 Agpss (sbh) and the ceefficient Bgp+s of 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
without any change.

[0480]

That is, in the coefficient table, the coefficients
Bgpie (8b=3) 10 Bgopss (3b) and the coefficient Byysg 0f the sub-band
sb+8 are duplicated and used as the coefficlents Agps{sb~3)
to B (3b) and thecoefficient Bagusof the sub~-band sb+8without
any change., Similarly, in the coefficient table, the
coefficients Agpre(8b~3) o RAg:gi(sb) and the coefficient Bgpss
of the sub-band sb+8areduplicatedandusedas theceoefficients
Byni1plsb-3) to Agpip(sb) and the ceoefficient Bgpiip 0f the
sub-band sb+10 without any change.

[0491]
In this way, when a coefficient table is extended, the

coefficients A5 (kb)) and Bi;y of a sub-band having the highest
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fregquency in the coefficlient table are used for lacking
coefficients of a sub-band without any change.
[04%2]

In addition, even when the estimation accuracy of
compenents of a sub-band having a high frequency of high band
components such as the sub-bands sb+9 and sb+10 detericrates
to some degree, there is no deterioration in audibility at
the time of the reprcduction of an output signal including
the decodedhighband signals and the decoding lowband signals.
[0483]

In addition, the extension of the coafficient table is
not limited to the example of duplicating the coefficients
A (kb)) and By, of the sub-band having the highest freguency
and setting the duplicated coefficients to coefficients of
cther sub-bands. The coefficients cof 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).
Inaddition, the coefficients to be duplicated are nct limited
tothose of one sub-band. Theccefficientsofplural sub-bands
may be duplicated and respectively set to coefficients of
plural sub-bands to be extended. Furthermore, the
coefficients of sub-bands to be extended may be calculated
based on the coefficients cof some sub-bands.

[0494]

On the other hand, for example, it is assumed that a
coefficient table of a case where Index eb=sb+8 i1s recorded
in the encoder 30 and the decoder 40 and a decoded high band
signal including 6 sub-bands is produced as illustrated on,
for example, on the left side of Fig. 32. Here, inthe drawing,
the horizontal axis represents the frequency and the vertical

axis represents the power. In addition, the respective
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frequency components of an input signal are illustrated on
the left side of thedrawing, and lines intheverticaldirection
indicate the boundary positions 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 takle
is reduced as illustrated on the right side of the drawing,
the decoded high band signal including & sub-bands can be
obtained using the ceoefficient table in which there are 8
sub-bands on the high band side.

[0496]

In the example of Fig. 32, from the coefficient table
as the decoding high band sub-band power estimation
coefficients, the coefficients Agwsr(sk-3) to Agpey(sb) and the
coefficient Bgsr of the sub-band sb+7 and the coefficlents
Bgnsg (8b—3) 1o Bapes (8b) and the coefficient B ¢f the sub-band
sb+8 are deleted. Inaddition, anewcoefficient table having
the coeffilcients of six sub-bands of the sub-bands sb+l to
sht&, from which the coefficients of the sub-bands sbt7 and
sb+8 are deleted, is used as the decoding high band sub-band
power estimation coefficients to produce a decoded high band
signal.

[0427)

In this way, when a coefficient table is reduced, the
coefficlents A (kb)) and By, of unnecessary sub-bands in the
ccefficient table, that is, sub-bands which are nct used for
the producticn of a decoded high band signals are deleted and
thus the reduced coefficient table is cbtained.

[0488]
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As described above, by appropriately extending or
reducing the coefficient table, which is recorded inanencoder
and a decoder, to correspond to the number of sub-bands of
a decoded high band gignal 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 coefficient tables can be reduced.

[0429]
[Functional Configuration Example of Encoder]

When a coefficient table is extended or reduced as
necessary, an enceder ls configured as illustrated in, for
example, Fig. 33. In Fig. 33, the same reference numbers are
given to parts correspending to those of the case illustrated
in Fig. 18 and the description thereof will be appropriately
omitted.

[0500]

An encoder 111 of Fig. 33 1s different from the encoder
30 of Fig. 18 in that the pseudc high bkand sub-band power
calculation circuit 35 of the enceder 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
coefficient table which is recorded by the pseudo high band
sub-band power calculation circult 35 to correspond toc the
number of sub-bands intowhich high band components of an input
signal are divided. B&As necessary, the pseudo high band
sub-band power calculation circuit 35 calculates pseudo high
band sub-band powers using the coefficient table extended or
reduced by the extensicn or reducticn 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 3471 to step 8474
are the same as those of step S181 to S184 of Fig. 19, the
description thereof will be omitted.

[0503]

In step S475, the extension/reduction unit 121 extends
or reduces a coefficient table as the decoding high band
sub-band power estimaticon 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 the input signal, thatis, thenumberof thehighbandsub-band
signals.

[3504]

For example, i1t 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 sb+g. That is, it
is assumed that pseude 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 that a coefficient table
having the coefficients Ay (kb) and Bipy of r sub-bands of the
sub-bands sb+l teo sbt+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 ¢ 1s greater than r (g > r}, the
extension/reduction unit 121 extends the coefficient table
recorded in the pseudo high band sub-band power calculaticn

circuit 3%. That is, the extension/reduction unit 121
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duplicates the coefficients Agsr (kb)) and Beps+r 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 sh+r+i to sb+gwithout any change. As a result,
a coefficient table having the coefficients Am(kb) and Biy
of g sub-bands is obtained.

[0507]

In this case, when g is less than r (g < r), the
extensioﬁ/reduction unit 121 reduces the coefficient table
recorded in the pseudo high bénd.sub—band power calculation
circuit 35. That is, theextension/reducticnunit 12l deletes
the coefficients A (kb) and Biy, of the respective sub-bands
of the sub-bands sb+g+l to sbhtr included in the coefficient
table. As a result, a ccefficient table having the
coefficients Aj,(kb) and Bijy of the respective sub-bands of
the sub~bands sb+l to sb+g is obtained.

105087

Furthermore, when g is equal 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 calculation circuit 35.

[05G9]

In step 5476, the pseudo high band sub-band power
calculatiocon circuit 35 calculates pseudo high band sub-band
power differencesbasedon the characteristicamounts supplied
from the characteristic amount calculation circuit 34 to be
supplied to the pseudo high band sub~band power difference
calculation circuit 36.

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

calculation circuit 35 performs the calculaticn according to
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the above~describedexpression (2) using thecoefficient takle,
which is recorded as the deceding high band sub-band power
estimation ceefficients and, as necessary, 1s extended or
reduced by the extension/reduction unit 121, and the low band
sub-band powers power(kb, J) (wherein, sb-3skbssb); and
calculates the pssudo high band sub-band powers power.q:(ib,
J) .

[0511]

That is, the low band sub-band pcowers of the respective
sub-bands on the low band side which are supplied as the
characteristic amounts are multiplied by the ccefficients
Ay, (kb)) for the respective sub-bands, the coefficients By are
further added to the sums of the low band sub-band powers which
have beenmultiplied by the ceefficients, and thus the pseudo
high band sub~band powers powerest (ib, J} are obtained.

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

[G512]

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 ccefficients (ccefficient
table) which are recorded in advance. For example, it 1is
assumed that K decoding high band sub~band power estimation
coefficients inwhich the ceoefficient index is 1 to K {(wherein,
22K} are prepared in édvance. In this case, for K decoding
highband sub-bandpowerestimationcoefficients, asnecessary,
the coefficient tables is extended or reduced and the pseudo
high band sub-band powers of the respective sub-bands are
calculated.

[0513]

139



16

15

20

25

30

SP248477W003

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 cf step $477 and S478 are performed
and the square sums of the pseudo high band sub-band power
differences are calculated. Here, since these processes are
the same as those of step 5186 and step 3187 of Fig. 19, the
description thereof will be omitted.

[0515]

In addition, in step 5478, for K decoding high band
sub-band power estimation ccefficients, the sums of sguare
differences E(J, id) are calculated. The pseudo high band
sub~band pewer difference calculation circuit 36 selects the
smallest sum of square differences among the calculated K sums
of square differences E(J, id) 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 coefficient index capable of estimating high
band signals with highest accuracy is selected and supplied
to the high band encoding circuit 37, preccesses of step 35479
and Step 3480 are performed and the encoding processes end.

Here, since these processes are the same as those of step 5188
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and step 818% of Fig. 19, the description thereof will be
omitted.
(05173

In this way, by outputting 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 output code string,
the decedinghighband sub~kbandpower estimationceoefficients,
which are optimum for freguency band expansion process, can
be obtained., As a result, a signal with higher sound guality
can be obtained.

[0518]

Furthermore, it i1s not necessary for the encoder 111
to record coefficlient 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
information indicating the nunber of sub-bands may be
transmitted to a decoder as separate data from the ocutput code
string.

[0520]
[Functicnal Configuration Example of Decocder]

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 deccded is configured as illustrated in,
for example, Fig. 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 cmitted.
(05217

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

[0522]

As necessary, the extension and reduction unit 161
extends or reduces a ceoefficient table as the decoding high
band sub~bandpower estimationccefficients, whichissupplied
from the high band decoding circuit 45. The decoding high
band sub-band power calculation circuit 46 calculates the
decoded high band sub~band powers using the coefficient table
extended cr 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 3511 to
step 85i5 are the same as those of step 5211 to step 5215 of
Fig. 21, the description thereof will be omitted.

[0524]

In step 8516, as necessary, the extension and reduction
unit 161 extends or reduces the coefficient table as the
decoding high band sub-band power estimation coefficients
supplied from the high band decoding circuit 45.

[G525]
Specifically, the decoding high band sub-band power

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

[0526]

Here, the number of sub-bands “g” on the high band side
maybespecifiedinadvance inthedecoder 15l crmaybespecified
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 encoded data or the information indicating the
number of sub-bands on the high band side may be transmitted
from the enceder 111 to the decoder 151 as separate data from
the input code string.

[0527]

In addition, it is assumed that a coefficient table
having the ceoefficients Ay (kb) and Biy of r sub-bands of the
sub-bands sb+1 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 is greater than r (g > r), the
extension and reducticonunit 161 extends the coefficient table
supplied from the high band decoding circuit 45. That is,
the extension and reduction unit 161 duplicates the
coefficients A.+r (kb)) and Bgyir 0f the sub-band sb+r included
in the coefficient table and sets the duplicated coefficients
o coefficients of the respective sub-bands of the sub-bands
sb+r+1 to sh+gwithout any change. As a result, acoefficient
table having the ceocefficients Ajp{kb) and By, of g sub-bands
is obtained.

[052%]

Inthiscase,Whenczislessthanr {gq<r}, the extension
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and reduction unit 161 reduces the coefficient table supplied
from the high band decoding circuit 45. That is, the extension
and reduction unit 161 deletes the coefficients Ajp{kb) and
By, of the respective sub-bands cf the sub-bands sbk+g+l to
sh+r included in the coefficient table. As a result, a
coefficient table having the coefficients Ajp{kb) and Bijp of
the respective sub-bands of the sub-bands sb+l to sb+q is
obtained.

[0530]

Furthermore, when q is equal to r (g=r), the extension
and reduction unit 161 neither extends nor reduces the
coefficient table supplied from the high band decoding circuit
45.

[0531]

After the coefficient table is extended or reduced as
necessary, processes of step 8517 to step 3519 are performed
and the deccding processes end. However, since these
processes are the same as those of step $216 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
coefficlents indicated by the coefficient index, the deccded
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.

(05331

Furthermore, in the deccder 151, it is not necessary
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that ceoefficient tables are reccrded for the number of
sub-bands constituting a decoded high band signal; and as a
result, a sound can be decoded with less coefficient tables
and higher efficiency.

(05347

<8. Eighth Embcdiment>

[Regarding Blended Learning Method]

In the above-described cases, coefficlent sets capable
of dealingwith the differences of the band-limited frequency,
the sampling frequency, the coding, andtheencodingalgorithms
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 frequencies, sampling
freguencies, codings, and encoding algorithms as input,
explanatory variables (sb-3 to sb) and explained variables
(sbh+1l to eb) are prepared and these are blended to perform
learning. According to this method, for signals of various
sampling frequencies, codings, and enceding algorithms, high
band powers can be accurately estimated on average with one
table.

[0535]

Specifically, for example, as illustrated in Fig. 37,
for the respective conditions A to D, explanatory variables
and explained variables are cbtained from broadband
instruction signals and decoding high band sub-band power
estimation coefficients {(coefficient table) are cbtained by
learning.

[0536]

In addition, in Fig. 37, the band~limited frequency

represents the highest freguency among fregquencies of

components included in a low band signal or a decoding low
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bandsignal, andthe sampling freguency represents the sampling

freguency of an input signal or anoutput signal. Inaddition,

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

low band signals are different. &s a result, for example,

values of low band sub-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 scund is encoded or decoded,
one coefficient table is selected according to the conditions
such as the coding and the enceding algorithm from the
coefficient tables obtained for the conditions.

105387

When the coefficient tables are obtained for the
respective conditions as described above, in an encoeder and
a decoder, many coefficient tables should be recorded in
advance for the respective conditions. Accordingly, there
isacasewherethesizeofarecordingareawheretheccefficient
tables are reccrded increases.

[0539]

Therefore, explanatory variables and explained
variables, which are obtained from broadband instructicon
signals for the respective conditions, may be blended and
perform learning; and using a coefficient table thus cbtained,
high band powers may be accurately estimated con average,
irrespective of the conditions.

[0540]
[Functional Configuration Example of Coefficient Learning

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

[0541]

Acoefficient learningapparatus 191 includes a sub-band
division circuit 201, a high band sub-band power calculation
circuit 202, a characteristic ameount calculation circuit 203,
and a coefficient estimation circuit 204.

105423

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

[G543]

The sub-band division circuit 201 includes a band pass
filter and divides a supplied breadband instructicn signal
into plural sub-band signals to be output to the high band
sub~band power calculationcircuit 202 and the characteristic
amount calculation circuit 203. S8pecifically, high kand
sub-band signals of the respective sub-band cn the high kand
side in which the index is sb+1l to &b are supplied to the high
band sub-band power calculation circuit 202, and low bkand
sub-band signals of the respective sub-kand on the low band
side in which the index 1s sb-3 to sb are supplied to the
characteristic amcount calculation circuit 203.

(05447

The high band sub-band power calculation circuit 202
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calculates high band sub-band powsrs of the respective high
band sub-band signals supplied from the sub-band division
circui£201TxnbeoutputtKJthecoefficientestimationcircuit
204.

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

105451

The coefficient estimation circuit 204 performs
regression analysis using the high band sub-band powers
supplied from the high band sub-band power calculaticncircuit
202 and the characteristic amounts supplied frem the
characteristic amount calculation c¢ircuit 203, thereby
generating and cutputiing decoding high band sub-band power
estimation coefficients.

[0546]
[Description of Ceoefficient Learning Processes]

Next, coefficient learning processes which are
prerformed by the ceoefficient learning apparatus 121 will be
described with reference to the flowchart of Fig. 39.
[0547]

In step $541, the sub-band division circuit 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 sb+l to eb, to the high band sub-band
power calculation circuit 202 and supplies low band signals
of sub-bkands, in which the index is sb-3 to sb, to the

characteristic amount calculation circuit 203.
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[0548]

The broadband instruction signal supplied tc the
sub-band division circulit 201 includes a plurality of musical
data which have different conditions such as the sampling
frequency. 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 from the sub-kbanddivision
circuit 201; and thus calculates high band sub-band powers
to be cutput to the coefficient estimation circuit 204.
[0550]

In step $543, the characteristic amount calculation
circuit 203 performs the same calculation as that of the
above-described expression (1) with respect to the respective
low band sub-band signals supplied from the sub-band division
circuit 201; and thus calculates low band sub-band powers as
the characteristic amounts to be output to the ccefficient
estimation circuit 204.

[0551]

As & 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 clrcuit 204.

[0552]

In step 5544, the coefficient estimation circuit 204
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performs regression analysis using a least-squares method to
calculate the coefficients A lkb) and By for the respective
sub-bands ib (wherein, sb+l<ib<eb} on the high band side in
which the index is sb+l to eb.

05531

In the regressionanalysis, the lowband sub-band powers
supplied from the characteristic amount calculaticn circuit
203aresettoexplanatoryvariables,andthehighbandsub—band
powers supplied from the high&oand.sub—barkipower calculation
circult 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 181.

[0554]

In step $545, the coefficient estimation circuit 204
obtains residual vectors of the respective frames of the
broadband instruction signals using the obtained coefficients
Bip{kb? and Bjy of the respective sub-bands ib.

[0555]

For example, the coefficient estimation circuit 204
subtracts the sums between the sumtotal of the lowband sub-band
powers power (kb, J) (wherein, sb-3<kbs<sb) whicharemultiplied
by the coefficients Ay (kb); and the sum of the coefficients
By, from the high band sub-band powers power{ibk, J} for the
respective sub-bands ib (wherein, sb+l<ib<eb) of the frame
J, therebycalculating residual errors. Inadditicn, vectors
including the residual errors of the respective sub-bands ib
of the frame J are set to the residual vectors.

[05586]

In addition, the residual vectors are calculated for
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all the frames, which constitute ail the breoadband instruction
gignals supplied to the coefficient learning apparatus 191.
[0557]

In step 8546, the coefficient estimation circuit 204
clusters the residual vectors, obtained for the respective
frames, into some clusters according to a k-means methed 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
rothe residual vectorsof the respective frames. Inaddition,
the coefficlent estimation circuit 204 specifies the clusters
belonging to the respective frames, based on the calculated
distances. That 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.

[0555]

In step 8547, the coefficient estimation circuit 204
selects one of the plural clusters, cbtained by clustering,
as a process target cluster.

(05607

In step 8548, the coefficient estimation circuit 204
calculates the coefficients A:; {kb) and Bip 0of the respective
sub-bands ib (wherein, sb+l<ibgeb) by regression analysis
using a frame of & residual vector which belongs teo the cluster
selected as the process target cluster.

[0561]
That i1s, when the frame of the resgidual vector which

belongs to the process target cluster is referred to 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 explanatery variables and explained variables,
thereby performing the regression analysis using a
least~squares method. As a result, the coefficients Ay (kb)
and Bi, are obtained for the respective sub-bands ib.
[0562]

& coefficient takle having the coefficients Ay {kb} and
B8:;y of the respective sub-bands thus obtained are set to the
decoding high band sub-band power estimation coefficients and
acoefficientindexisgiventeothisdecodinghighbandsub-band
power estimatlon coefficients.

[0563]

In step $54%, the coefficient learning apparatus 191
determines whether or not all the clusters are processes as
theprocess targetcluster. InstepS549, whenitisdetermined
that all the clusters has yet to be processed, the process
returns to step 5547 and the above-~described processes are
repeated. That is, thenextcluster is selectedas theprocess
target and the decoding high band sub-band power estimation
coefficients are calculated.

[0564]

On the other hand, in step $54%, when 1t 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 obtained.
Therefore, the process procssses to step 3550.

[G565]

In step 8550, the coefficient estimation circuit 204

outputs the obtained coefficient index and the obtained

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

In this way, the cocefficient learning apparatus 121
produces the decoding high band sub-band power estimation
coefficients (coefficient table) cf the respective
coefficient indices from the supplied broadband instruction
signals tobeocutput. Inthisway, learningisperformedusing
plural broadband instruction signals which have diffefent
conditions to produce a coefficient table; and as a result,
the sizeofarecordingareacfcoefficient tablescanbe reduced
and high band sub-band powers can be accurately estimated cn
average.

[05867]

The serial process described above is performed by a
hardware and a software. When a serial process is performed
by the software, a program constituted by the software is
installedtoacomputer incorporatedintoanindicatedsoftware
or a general-purpose personal computer capable of executing
various functicnsbyinstaellingvariousprograms fromaprogram
recording medium.

[0588]

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 RCM {(Read Only Memory)
502 and a RAM (Random Access Memory) 503 are connected each
other by a bus 504.

[0570]

In addition, an input/cutput interface 505 is connected
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to the bus 304, An input unit 506 including a key board, an
mouse a microphone and the like, an cutput unit 507 including
adisplay, a speaker and the 1ike, a storage unit 508 including
aharddiskornon-volatilememoryandthe like, a communication
unit 509 including a network interface and the like, and a
drive 510 that drives a remcvable medium 511 of a magnetic
dise, anopticaldisc, amagneto~cpticaldiscandsemiconductor
memory and the 1ike are connected to the input/output interface
505.

[0571]

In the computsr configured as described above, for
example, the CPU %01 lcoads and executes the program stored
in the storage unit 508 to the RAM 503 via the input/output
interface 505 and the bus 504 to perform a series of processes
described above.

[0572]

The program to be executed by the computer (CPU 501},
for example, is recorded in a removable medium 311 such as
a package medium including a magnetic disk, (including a
flexible disc), an optical disc ({(CD-ROM (Compact Disc-Read
Only Memory)), DVD (Digital Versatile Disc) and the iike),
a magneto-optical disc or a semiconductor memory, or 1s
provided via a wire or wireless transmission medium including
a local area network, an internet and a digital satellite
broadcasting.

(05731

In addition, the program can pe installed to the storage
unit 508 via the input/output interface 505 by mcounting the
removablemedium51ll tothedrive 510. Inadditiocon, theprogram
is received in the communication unit 509 via the wire or

wireless transmission medium and can be installed tco 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 1s performed in time segquence
according the sequence described in the specification and a
programwhere the process isperformed inparallel or in timing
necessary when a call 1s made.

[0575]

In addition, the embodiment of the present invention
is net limited the embodiment described above and various
modifications is possible within a scope apart from a gist

of the present inventiocn.

REFERENCE 'SIGNS LIST

[057¢]

i0 Freqguency Band Fxpansion Apparatus
11 Low-pass filter

12 Delay Circuit

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

14 Characteristic Amcunt Calculation Circuilt
15 High Band Sub-Band Power Estimaticon Circuit
16 High Band 3Signal Production Circuilt

17 High-pass filter

18 Signal Adder

20 Coefficient Learning Apparatus

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

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

24 Coefficient Estimation Cilircuit

30 Encoder
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31 Low-pass filter

32 Low Band Encoding Circuit

33 Sub-Band Division Circuilt

34 Characteristic Rmount Calculation Circuit

35 Pseudo High Band Sub-Band Power Calculaticon Circuit
36 Pseudo High Band Sub=-band Power Difference Calculation
Circuilt

37 High Band Encoding Circuit

38 Multiplexing Circuit

40 Decoder

41 Demultiplexing Circuit

42 Low Band Decoding Circuit

43 Sub-Band Divisicn 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 Division Circuit

53 Characteristic Amount Calculation Circuit

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

56 Pseudo High Band Sub-Band Power Difference Clustering
Circuilt

57 Coefficient Estimation Circuit

101 CPU

102 ROM

103 RAM
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Bus

Input/Output 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 enccded data and coefficient
information;

a lowbanddeceding 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 ccefficient information among a
plurality of coefficient tables used for the preducticn of
high band signals and having coefficients for the respective
sub-bands on a high band side;

an extension and reduction unit that delstes the
coefficlients of some sub-bands toreduce the coefficient table
or produces the coefficients of predetermined sub-bands based
on the coefficients of some sub~bands toextend the coafficient
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 hicgh 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 precduction unit that produces the
high band signals based on the high band sub-kand powers and

the low band sub-band signals.
2. The signal processing apparatus according to claim 1,

wherein the extension and reduction unit duplicates the

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

table.

3. The signal processing apparatus according to claim 1,
wherein the extension and reducticn unit deletes the

coefficients of a sub-band, which has a higher freguency 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 ceocefficient table.

4, A signal processing method of a signal processing
apparatus which includes

a demultiplexing unit that demulitiplexes input encoded
data tc at least low band encoded data and coefficient
information,

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

a selecticn 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 basad
onthe coefficients of some sub-bands toextend thececefficient
table,

a high band sub-band power calculation unit that

calculates high band sub-band powers of high band sub-band
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signals of the respective sub-bands constituting the highband
signals based on low band sub-band signals of the respective
sub-kands 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 cn the high band sub-band powers and
the low band sub-band signals,

the method comprising the steps of causing:

the demultiplexingunit todemultiplexthe encodeddata;

the low band decoding unit to produce the low band
signalis;

the selection unit to select the coefficlent table;

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

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

the high band signal production unit to produce the high

band signals.

5. A program causing & 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 encoeded data to produce low band
signals;

selecting a coefficient table which is cobtained based
onthecoefficientinformationamongapiuralityofceoeffiicient
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 tc reduce

the coefficient table or generating the coefficients of

160



i5b

20

25

30

SP248477WO03

predetermined sub-bands based on the coefficients of scme
sub~bands to extend the coefficient table;

calculating 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

generating the high band signals based con the high band

sub~band powers and the low band sub-band signals.

5. 2 signal processing apparatus comprising:

a sub~band divisionunit that produces 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;

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

a pseudo high band sub~band power calculation unit that
calculates pseude 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 ccefficient table and the low bkand
sub-band signals;

a selectionunit that compares highband 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.

7. The signal processing apparatus according to claim &,
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
frequenéythanthehighestfrequencytoextendthecoefficient

table.

8. The signal processing apparatus according te claim 6,
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-kbands
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 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-bkand signals of a plurality
of sub-bands on a high band side of the input signal,

an extension and reduction unit that deletes the
coefficlients of some sub-bands to reduce a coefficient table
or produces coefficients of predetermined sub-bands based on
coefficients of some sub-kands to extend a coefficient takle,
the coefficlent table having coefficients for the respective

sub-bands on the high band side,
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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 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

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

the pseudo high band sub-band power calculation unit

to calculate the pseudo high band sub-band powers;

the selection unit to select the cecefficient table; and
the production unit to produce the data containing

coefficient information.

10. A program causing & computer to execute processes
including the steps ci:

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 scme sub-bands to reduce
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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 sub-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,
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-band powers of the high band
sub-band signals and the pseudo high band sub-~band powers to
each other and selecting cne of a plurality of the coefficient
tables; and

generating data containing coefficient information for

obtaining the selected coefficient table.

11. A decoder comprising:

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

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

a selection unit that selects a coefficient table which
is cbtained based con 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
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on the coefficients of some sub-bands toextend the ceefficient
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;

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 ocutput

signal.

12. A decoding methoed of a decoder which includes

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

a lowbanddecedingunit that decodes the lowband encoded
data to produce low band signals,

a selecticnunit 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 gignals 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 preduces the coefficients of predetermined sub-bands based
onthe coefficients of some sub~bands toextend the coefficient

table,
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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,

a high band signal production unit that preduces 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 cutput
gignal,

the method comprising the steps of causing:

thedemultiplexingunit todemultiplex the encodeddata;

the low band decoding unit to produce the low band
gignals;

the selection unit to select the coefficient table;

the extension and reduction unit to reduce or extend
the coefficilent 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.

13. 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 bkand side of the input signal;

an extension and reduction unit that deletes the
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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
gub~-bands on the high band side;

a pseudo high band sub-band power calculation unit that
calculates pseudo high band sub-kand powers, which are
estimated values of powers of the high band sub-band signals,
for the respective sub-bands con 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 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 fo produce low kand encoded data; and

amuiltiplexingunitthatmultiplexes the lowbandencoded
data and the high band encoded data to produce an output ccde

string.

14. An encoding method of an encoder which includes

a sub~band divisionunit 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 cf 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-kands to reduce a coefficient table
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or produces coefficients of predetermined sub-bands based on
coefficients of some sub~bands to extend a coefficient table,
the coefficient table having ceefficients for the respective
sub-bands on the high band side,

a pseude 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 con
the extended or reduced coefficient table and the low band
sub-band signals,

a selectionunit that compares high band sub~band powers
of the high band sub-band signals and the pseudc high band
sub-band powers to sach other and selects one of a plurality
of the coefficient tables,

a high band encoding unit that enccdes 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

amultiplexingunitthatmultiplexes the lowbandencodead
data and the high band encoded data to produce an ocutput 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;

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

the selection unit to select the ceoefficlient table;

the high band encoding unit to produce the high band
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encoded data;
the lowband enceding unit toproduce the lowbandencoded
data; and

themultiplexingunit topreduce the output code string.
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