-1-SP248477 DESCRIPTION Title of Invention: FREQUENCY BAND EXTENDING DEVICE AND
METHOD, ENCODING DEVICE AND METHOD, DECODING DEVICE AND METHOD, AND
PROGRAM Technical Field [0001]  The present invention relates to a frequency band extending
device and method, an encoding device and method, a decoding device and method, and a program,
and specifically relates to a frequency band extending device and method, an encoding device and
method, a decoding device and method, and a program, whereby music signals can be played with
higher sound quality due to the extension of frequency bands. Background Art [0002]  In recent
years, music distribution services that distributeméisic data via the Internet or the like have come to be
widely used. With such music distribution services, encoded data that is obtainetFby @hédding music
signals is distributed as music data. As an encoding method of music signals, an encoding method
that suppresses file capacity of the encoded8atatand 6iers the bit rate so to reduce the - 2 -

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

METHOD, AND PROGRAM

Technical Field
[GC01] '

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

Background Art
[ocooz]

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

the encoded data and lowers the bit rate so to reduce +the



SP248477 amount of time taken in the event of a download has become mainstream. [0003]  Such
music signal encoding methods are largely divided into encoding methods such as MP3 (MPEG
(Moving Picture Experts Group) Audio Layer 3) (International standard ISO/IEC 11172-3) and so forth,
and encoding methods such as HE-AAC (High Efficiency MPEG4 AAC) (International standard
ISO/IEC 14496-3) and so forth. [0004)  With the encoding method represented by MP3, music
signal components of high frequency bands (hereafter called high frequencies) of approximately 15
kHz or higher that are difficult to be detected by the human ear are deleted, and the signal
components of the remaining low frequency barnd<(Hereafter called low frequencies) are encoded.
This sort of encoding method will be hereafter called high frequency deleting ené&difti§4héthod. With
this high frequency deleting encoding method, file capacity of the encoded data can be suppressed.
However, hifi%&duétcy<diind& 5Rile ififalRy 28k 5 dateteedbyasumans bssfmdund is
generated apgd;outppt fram a music signal after decoding which is obtained by decoding the encoded
data, deterioration of sound quality can occur, such as losing the realistic feeling which the original
sound had, 00818 $ound becoming muffled. -3 SP248477 [0005]  Conversely, with the encoding
method represented by HEAAC, feature information is extracted from high frequency signal
components, and 1% BREdded 1658the? WA fine fregtleREy sryrrl torusoneris vikisdsort of

encoding method \évgt:i&gfgg er eg)éehé:)r%lllIsed hi‘g}kl] fg@sqtﬂ%?rcnyé%g#%;e {%ncoding 1:r‘netthod. With the high

3 . jear ALCTCUr .
frequency feature encodingmethod, only?eature in he Elgr}?frequencf&gnal components
are encoded asdnfosmationyelating to highefrequenay sighakeamponests, iMasreby encoding efficiency

can ISO/IEC 11172-3) and so forth, and encoding methods such as
HE-AAC (High Efficiency MPEG4 AAC) (International standard
ISO/IEC 14496-3) and so forth.
f0004]

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

original sound had, or the sound becoming muffled.



be improved while suppressing deterioration of sound quality. [0006]  In decoding the encoded data
that has been encoded with the high frequency feature encoding method, low frequency signal
components and feature information are decoded, and high frequency signal components are
generated from the low frequency signal components and feature information after decoding. Thus, by
generating high frequency signal components from low frequency signal components, the technique to
extend the frequency band of the low frequency signal components will hereafter be called a band
extending technique. [0007]  As an application example of the band extending technique, there is
-post-processing after decoding the - 4 - SP248277 encoded data with the above-described high
frequency deleting encoding method. In this the post-processing the frequency 5244 8¢ the low
frequency siPnaI components are extended by generating the high frequency signal components, lost
by encoding,(mﬁﬁlthe low frequency signal components after decoding (see PTL 1). Note that the

method or equenty bargbeviending, 2L wilereafiec e caleg De.RTL pandextending

method. [0008] With the PTL 1 band extending met a device estimates a requency power

spectrum (hexeafteeeallechighfitegueney: enyeloper aswapprapeaic) fuom the pawerspectrum of the
input signal, with the low frequency signal components after decoding as the input signal, and

generates higiPFrRtueRty Shitdt tompendhtsshaving Bie fedueRey BRvEIGHEEBf thehigh frequency

ﬂuﬂeOfﬂonkggﬁﬁgﬁcy signal components. This scrt of encoding method
will hereafter be called high frequency feature encoding
method. With the high fregquency feature enccding method,
only feature information of the high freguency signal
compenents are enceded as information relating te high
frequency signal components, whereby encoding efficiency can
be improved while suppressing deterioration of scund quality.
[0G0&]

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

[0007]
As an application example of the band extending

technigque, there is post-processing after decoding the



frequency signal components. [0009] Fig. 1 shows an example of the low frequency power
spectrum after decoding as the input signal and the estimated high frequency envelope. [0010] In
Fig. 1, the vertical axis represents power with logarithms, and the horizontal axis represents frequency.
[0011] - 5--SP248477 A device determines the band of the low frequency end of the high
frequency signal components (hereafter called extension starting band) from the type of encoding
format relating to the input signal and information such as sampling rate, bit rate, and so forth
(hereafter called side information). Next, the device divides the input signal serving as the low
frequency signal components into multiple sub-barfd signals. The device finds multiple sub-band
signals after dividing, i.e. an average for each group for a temporal direction of tA& #t%et of each of
multiple sub-band %gnals on the low frequency side (hereafter simply called low frequency side) from

the extensiotPSi8RRY Bahd (Hetdafidte HeeVGrotpsowen AR SWaviT RAFRPAY the device uses the
average of r Ve g r tiple subshand signals on the low frequency side as the
SEPERUYR, IR RONSTS.OLIUNPIG UBBANG HY R A A e

power, and uses a point where the frequency is the frequency on ower € e extension

starting band ssqhererigibaroint T hendevice estisratessylingadie abapsedetesmined slope passing
through the origin point as the frequency envelope on the higher frequency side from the extension
starting ban8*RERSFerimpRF eafidd AgHhegheaby SIRIURDEY tHdiahe posrmanfor the power

Cons WS 8D PO Mol e S SR oL el
after decoding (see PTL 1). Note that the method for
frequency band extending in PTL 1 will hereafter be called
the PTL 1 band extending method.

[0008]

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

[0009]

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

[G010]

In Fig. 1, the vertical axis represents power with

logarithms, and the horizontal axis represents freguency.

[0011]



SP248477 the low frequency side so as to become frequency envelopes on the high frequency side as
estimated. The device adds the multiple generated sub-band signals on the high frequency side so as
to be the high frequency signal components, and further, adds the low frequency signal components
and outputs this. Thus, the music signal after extension of the frequency band becomes much closer
to the original music signal. Accordingly, music signals with higher sound quality can be played. [0012]
The above described PTL 1 band extending method has the advantages of being able to extend the
frequency bands for music signals after decoding the encoded data thereof, with such encoded data
having various high frequency deleting encoding methods and various bit rates. Citation List Patent
Literature [0013]  PTL 1: Japanese Unexamined Patent Application PublicatictF&K&8 2088-139844
Summary of Invention Technical Problem [0014]  However, the PTL 1 band extending method can

be improved uporfwitf feGarFRr-EpoRe it itatnattinditee low frequency end

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

the high frequency side from multiple sub-band signals on



-7 SP248477 high frequency side frequency envelope is a linear line having a predetermined slope,
i.e. with regard to the point that the shape of the frequency envelope is fixed. [0015] That is to say,
the power spectrum of the music signal has various shapes, and depending on the type of music
signal, not a few cases will widely vary from the high frequency side frequency envelope estimated
with the PTL 1 band extending method. [0016]  Fig. 2 shows an example of the original power
spectrum of an attack-type music signal (attack-type music signal) which accompanies a temporally

sudden change, such as when a drum is beat loudly once, for example. [0017]

Note that Fig. 2 also

shows the low frequency side signal components 6f the attack-type music signals as input signals,
from the PTL 1 band extending method, and the high frequency side frequency ®hwéfpE’estimated
from the input signal thereof, together. [0018]  As shown in Fig. 2, the original high frequency side
power specftifh AYhé EREEROGPe Thdsicssignal isapesmsatélefigiency envelopes

on the high frequency side as estimated. The device adds

the multiple generated sub-band signals on the high

frequency side so as to ke the high frequency signal

compenents, and further, adds the low frequency signal

components and outputs this. Thus, the music signal after

extension of the frequency band becomes much cleser to the

original music signal. Accordingly, music signals with

higher sound guality can be played.

(0012}

The above described PTL 1 band extending method has the

advantages of being able to extend the frequency bands for

music signals after decocding the encoded data thereof, with

such encoded data having various high frequency deleting

encoding methods and wvarious bit rates.
Citation List
Patent Literétuxe
(0013}
PTL 1: Japanese Unexamined Patent Application
Publication No. 2008-139844
Summary of Invention
Technical Problem
[0014]

However, the PTL 1 band extending method can be

improved upon with regard to the point in that the estimated



[0019] - 8-SP248477  Conversely, the estimated high frequency side frequency envelope has a
predetermined negative slope, and even if this is adjusted at the origin point to a power nearer the
original power spectrum, the difference from the original power spectrum increases as the frequency
increases. [0020]  Thus, with the PTL 1 band extending method, the estimated high frequency side
frequency envelope cannot realize the original high frequency side frequency envelope with a high
degree of precision. Consequently, if sound is generated and output from the music signal after
extension of the frequency band, clarity of sound can be lost as compared to the original sound, from a
listening perspective. [0021]  Also, with a high-frequency feature encoding method such as HE-AAC
or the like as described above, high frequency side frequency envelope is used asfgatitre information
of the high frequency signal components to be encoded, but the decoding side is required to

reproduce tie griginal digh frequensy Sidefreguensy-envelepe i a highly pregisgananner. [0022]
The present invention has been made taking such situations into consideration, and enables music
signals to bE Pyl FitRIfGR BTGl eRR-tolthe-exidlidionagfard to the point

that the shape of the frequency envelope is fixed.
[0015]

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

[001l6]

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

[0017]

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

[€018]

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

[0019]



- 9 - SP248477 frequency bands. Solution to Problem [0023] A frequency band extending device
according to a first aspect of the present invention includes: signal dividing means configured to divide
an input signal into multiple sub-band signals; feature amount calculating means configured to
calculate feature amount which expresses a feature of the input signal using at least one of the
multiple sub-band signals divided by the signal dividing means, and the input signal; high frequency
sub-band power estimating means configured to calculate an estimated value of a high frequency
sub-band power that is the power of a sub-band signal having a higher frequency band than the input
signal based on the feature amount calculated by the feature amount calculating means; and high
frequency signal component generating means configured to generate a high fré§dé8dy/ dignal
component based on the multiple sub-band signals divided by the signal dividing means, and the
estimated value of & RigtefEquéhey sabirierfowes kaktateasytheikighfreqwemnsysub-band
power estimeargi‘p rgeg%éwith the f&et;cuenc%/ﬁge%nd of ttée iné)us'flsci)g)nal beIi1 g extendletd using the high

frequency sigha co%ponesntagéjnre?a ed by igh fregueéncy signal component generating means.

[0024] - 10 +1SR2484 %4 Thedleature ameust-eaichlaiingmeansangycaiculate-a Jowfiequency
sub-band power that is a power of the multiple sub-band signals as the feature amount. [0025]
original power spectrum, the difference from the criginal
power spectrum increases as the frequency increases.
[0620]

Thus, with the PTL 1 band extending method, the
estimated high frequency side frequency envelope cannot
realize the original high frequency side frequency envelope
with a high degree of precision. Consequently, if sound is
generated and output from the music signal after extension
of the frequency band, clarity of sound can be lost as
compared tc the original scund, from a listening perspective.
[0021]

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

[0022]
The present invention has been made taking such

situations into ccnsideration, and enables music signals to

be played with high scund quality due to the extension of



The feature amount calculating means may calculate a temporal variation of a low frequency sub-band
power that is a power of the multiple sub-band signals as the feature amount. [0026]  The feature
amount calculating means may calculate difference between the maximum and minimum powers in a
predetermined frequency band, of the input signal, as the feature amount. [0027]  The feature
amount calculating means may calculate a temporal variation of difference between the maximum
value and minimum value of power in a predetermined frequency band, of the input signal, as the
feature amount. [0028]  The feature amount calculating means may calculate the slope of a power
in a predetermined frequency band, of the input-si§nal, as the feature amount. [0029]  The feature
amount calculating means may calculate a temporal variation of the slope of a p®#veias &/

frequency bands.
Sclution to Problem
[6023]

A frequency band extending device according to a first
aspect of the present invention incliudes: signal dividing
means configured to divide an input signal into multiple
sub-band signals; feature amount calculating means
configured to calculate feature amount which expresses a
feature of the input signal using at least one of the
multiple sub-band signals divided by the signal dividing
means, and the input signal; high frequency sub-band power
estimating means configured fo calculate an estimated value
cf a high frequency sub-band power that is the power of a
sub—-band signal having a higher freguency band than the
input signal based on the feature amount calculated by the
feature amount calculating means; and high frequency signal
compeonent generating means configured to generate a high
frequency signal component based on the multiple sub-band
signals divided by the signal dividing means, and the
estimated value of the high frequency sub-band power
calculated by the high frequency sub=-band power estimating
means; with the frequency band of the input signal being
extended using the high freguency signal component generated
by the high freguency signal component generating means.

[coz24]



SP248477 predetermined frequency band, of the input signal, as the feature amount. [0030] The
high frequency sub-band power estimating means may calculate of an estimated value of the high
frequency sub-band power based on the feature amount, and a coefficient for each high frequency
sub-band obtained beforehand by learning. [0031]  The coefficient for each high frequency
sub-band may be generated by performing clustering of the residual vector of the high frequency
signal component calculated with the coefficient for each high frequency sub-band obtained by
regression analysis with multiple teacher signals, and performing regression analysis, for each cluster
obtained by the clustering, using the teacher signalé belonging to the cluster. [0032]  The residual
vector may be normalized with the dispersion value of each component of the mifi€ $é3idual
vectors, and the vector after normalization may be subjected to clustering. [0033]  The high
frequency sub-bad& ot estimainy e &t it ddlegdlarean e stmyatedhaide Bt tife high frequency

sub-band low freguency sub-band power that is a power of the multiple

sub-band signals as the feature amount.
[0025]

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

[00z2¢]

The feature amount calculating means may calculate
difference between the maximum and minimum powers in a
predetermined frequency band, o¢f the input signal, as the
feature amount.

[0027]

The feature amount calculating means may calculate a
temporal variaticen of difference between the maximum value
and minimum value of power in a predetermined frequency band,
of the_input signal, as the feature amount.

[00z28]

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

[0028]
The feature amount calculating means may calculate a

temporal variation of the slope of a power in a



- 12 - SP248477 power based on the feature amount, and the coefficient and constant for each of the
high frequency sub-bands; with the constant being calculated from a center-of-gravity vector for the
new clusters obtained by further calculating the residual vector using the coefficient for each high
frequency sub-band obtained by regression analysis with the teacher signals belonging to the cluster,
and performing clustering of the residual vector thereof to multiple new clusters. [0034]  The high
frequency sub-band power estimating means may record the coefficient for each of the high frequency
sub-bands, and a pointer that determines the coefficient for the each high frequency sub-band, in a
correlated manner, and also record multiple sets afithe pointer and the constant, and some of the
multiple sets may include a pointer having the same value. [0035]  The high fieegedey signal
generating means may generate the high frequency signal component from a low frequency sub-band
power that iseepevrerof thedmiitiiesubybaad $jgnrals tard anmstinsdiggalglue ©f the high frequency
sub-band power. [0036] A frequency band extending method according to the
feature &mount
[0030]
The high frequency sub-band power estimating means may
calculate of an estimated value of the high frequency sub-
band power based on the feature amount, and a ccocefficient
for each high freguency sub-band obtained beforehand by
learning.
[0031]
The coefficient for each high frequency sub-band may be
generated by performing clustering of the residual vector of
the high freguency signal component calculated with the
coefficient for each high frequency sub-band obtained by
regression analysis with multiple teacher signals, and
performing regression analysis, for each cluster obtained by
the clustering, using the teacher signals belonging to the
cluster.
[0032]
The residual vector may be normalized with the
dispersion value of each component of the multiple residual
vectors, and the vector after normalization may be subjected
to clustering.
[0033]

The high frequency sub-band power estimating means may

calculate an estimated value of the high frequency sub-bkand



- 13 - SP248477 first aspect of the present invention includes: a signal dividing step arranged to divide
an input signal into multiple sub-band signals; a feature amount calculating step arranged to calculate
feature amount which expresses a feature of the input signal using at least one of the multiple
sub-band signals divided by the processing in the signal dividing step, and the input signal; a high
frequency sub-band power estimating step arranged to calculate an estimated value of a high
frequency sub-band power that is the power of a sub-band signal having a higher frequency band than
the input signal based on the feature amount calculated by the processing in the feature amount
calculating step; and a high frequency signal cempdnent generating step arranged to generate a high
frequency signal component based on the multiple sub-band signals divided by &% #BdcEssing in the
signal dividing step, and the estimated value of the high frequency sub-band power calculated by the
processing pctherhigh $retjuencyisul-bandysowarestimatng ster witle fife fregueneydand of the input
signal being extended using the high_frequency signal component generated by the Erocessing in the

high frequer T SiGRAF coboRRE gRher&fng' S8h. I66SFE SR SrdarRirasiortidita-tH first aspect of
the present inyentiopdngludes: a.signal.dividing sien,apanged 10 - 14 5, 3R9484 L divide an input

signal into multiple sub-band signals; a feature amount calculating step arranged to calculate feature
amount whicleexphesseswa featare of thd putsigitgl USIng: At least boeleftthegnuliple sub-band
signals divided by the processing in the signal dividing step, and the input signal; a high frequency

sub-band p&REF8EGrhatifG Stép AFrdihed B CARAIEIE HirdstiitetARiuB dta high frequency
sub-band pg\@@ﬁﬁ@;@t%gog@ﬁ@f@D%légalp@@db?gg@bl%\ggg@nhiggggIgggye‘pgglpag}gethan the input

signal based on the feature amount calculated by the processing in the Teature amount calculating
step; and a higirfrequerigysignabedbmponent gensnating stepearraagddie generatega high frequency
signal component based on the multiple sub-band signals divided by the processing in the signal
dividing ste;i%lr?d:ﬁrel@&tirﬂﬁtéﬂ%tﬁ%%ﬁfﬁ%lhi&ﬁ?@%eﬁ%@%b&ﬁd%ﬁ%ﬁ&ac&%‘kd by the
processing igythehigh frequency sub-band power estimating step; causing a computer to execute
processing for extending the frequency band of the input signal using the high frequency signal
component générated by the processing in the high frequency signal component generating step.
[0038]  With the first aspect of the present invention, divide an input signal is divided into multiple

sub-band signals, TE&tute B diRWRRAYe SHTRSEEE R RANFE FFThdTHidtggRgrns may

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

f0035]

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

[0036]

A freguency band extending method according fto the



- 15 - SP248477 is calculated with at least one of the multiple divided sub-band signals and the input
signal, an estimated value of a high frequency sub-band power that is the power of a sub-band signal
having a higher frequency band than the input signal is calculated based on the calculated feature
amount, a high frequency signal component is generated based on the multiple divided sub-band
signals, and the estimated value of the calculated high frequency sub-band power, and the frequency
band of the input signal is generated with the generated high frequency signal component. [0039]

An encoding device according to a second aspect of the present invention includes: sub-band dividing
means configured to divide an input signal into-muftiple sub-bands, and to generate a low frequency
sub-band signal made up of multiple sub-bands at a low frequency side and a hégiz &regurency
sub-band signal made up of multiple sub-bands at a high frequency side; feature amount calculating
means configuret tescadeulateffedgtereoamart thatexpresses adealiye .0fdheigput signal, using at
least one of the low frequency sub-band signal generated by the sub-band dividing means, and the
input signaldpEeddd higH FRqBEREPSEB-HanE POiis Gllcutaivg nfdaiséorfiditred to calculate a

pseudo high freguency sy-hand pow ttfgt is agggggg ower f.the high frequency, sub-band signal
based on the feaﬁﬁgre amount - 16 - 8(2[26148477acalcuIateé3 b?/t e Ea&%%r%getu%? gal%ﬁ?aﬁing means;
pseudo high: fregpgagy stibsadnrch paver tiifferencesealadtating imaaascesfigueedcito calculate a high
frequency sub-band power that is the power of the high frequency sub-band signal from the high

frequency stBIATE sRjhaF gBnéPREE BB Subbehdl dividked ffe&e aid feh€alculate pseudo high
frequency S#\E)]-_ c?%(} 510}94% %%%Qﬁ%%?#ﬁgi'ss gi{f%r%ré%e gg t%tlkée 1Qseudo hii%h frerg% ncy sub-band

power calculate e pseu equency sub-band power cra?ccuﬁgtsl’ng %wéans; igh frequency
encoding meagsLondiguied i escege thadseauslo:hightresuangy sub-hagd povwey.difetence
calculated by the pseudo high frequency sub-band power difference calculating means to generate
high frequefitfPehésde@ et DR iBaléRey ehebdmerrieand configatediabhcale a low frequency

signal that ig a low frequenay signal of the input signal to gselﬁ)e“[giéenl W fég gegg)égncoded data; and

S
. i : h
multiplexing means conflguregto mt?ltlplle%< the'lo ﬁgagency encoded dafa generatlea by the low

frequency etiedingmeans, angiibedigh feaquencyrencasdedadaiaggenerated hy.the high frequency
encoding means to obtain an output code string. [0040]  The encoding device may further include

low frequene§tiechbiftiy feansestifiguretad decoue v 15hefrégadnceentodad data generated by

the low frequency, needing, means 1o Jenerale alow reauency signal; with the sub-band
calculating step; and a high freguency signal component
generating step arranged to generate a high frequency signal
component based on the multiple sub-band signals divided by
the processing in the signal dividing step, and the
estimated value of the high frequency sub-band power
calculated by the processing in the high frequency sub-band
power estimating step; with the freguency band o¢f the input
signal being extended using the high freqguency signal
component generated by the processing in the high frequency
signal compcnent generating step.
[0037]

A program according to the first aspect of the present

invention includes: a signal dividing step arranged to



- 17 - SP248477 dividing means generating the low frequency sub-band signal from the low frequency
signal generated by the low frequency decoding means. [0041]  The high frequency encoding
means may calculate similarity between the pseudo high frequency sub-band power difference, and a
representative vector or representative value in predetermined plurality of pseudo high frequency
sub-band power difference space to generate an index corresponding to a representative vector or
representative value of which the similarity is the maximum, as the high frequency encoded data.
[0042] The pseudo high frequency sub-band power difference calculating means may calculate an
evaluated value based on the pseudo high frequenty-sub-band power of each sub-band, and the high
frequency sub-band power for every multiple coefficients for calculating the psea@d4ighi frequency
sub-band power; with the high frequency encoding means generating an index indicating the
coefficient atileé éwvahratédmatue ilgatad thethighesttevraleatedbrabaedas themhighy frequency encoded
data. [0043] The pseudo high frequency sub-band power difference calculating means may calculate
theevaMaﬂﬁ?@éRﬁPb&ﬁﬂPBﬁ calculating step arranged to calculate

feature amount which expresses a feature cf the input signal
using at least one of the multiple sub-band signals divided
by the processing in the signal dividing step, and the input
signal; a high frequency sub-band power estimating step
arranged to calculate an estimated value of a high frequency
sub-band power that is the power of a sub-band signal having
a higher freguency band than the input signal based on the
feature amount calculated by the processing in the feature
amount calculating step; and a high freguency signal
cemponent generating step arranged to generate a high
frequency signal component based on the multiple sub-band
signals divided by the processing in the signal dividing
step, and the estimated value of the high frequency sub-band
power calculated by the processing in the high frequency
sub-band power estimating step; causing a computer to
execute processing for extending the freguency band of the
input signal using the high frequency signal component
generated by the processing in the high frequency signal
component generating step.
[6038]

With the first aspect of the present invention, divide
an input signal is divided into multiple sub-band signals,

feature amount which expresses a feature of the input signal



- 18 - SP248477 at least any of sum of squares of the pseudo high frequency sub-band power
difference of each sub-band, the maximum value of the absolute value of the pseudo high frequency
sub-band power of the sub-band, or the mean value of the pseudo high frequency sub-band power
difference of each sub-band. [0044]  The pseudo high frequency sub-band power difference
calculating means may calculate the evaluated value based on the pseudo high frequency sub-band
power difference of different frames. [0045]  The pseudo high frequency sub-band power difference
calculating means may calculate the evaluated value using the pseudo high frequency sub-band
power difference multiplied by weight that is weightfor each sub-band such that the lower frequency
side the sub-band is, the greater weight thereof is. [0046]  The pseudo high friegRiefhéy Sub-band
power difference calculating means may calculate the evaluated value using the pseudo high
frequency siiB-bEndr powbee differbhca ndkipiied tewefyHt Hearis Wdighefotisdstesulswand such that

e o g YO R A e han g ReL O 1 U Ra0g S e oot hereotis. - 19-

high frequency sub-band power that is the power of a sub-
band signal having a higher frequency band than the input
signal is calculated based on the calculated feature amount,
a high frequency signal component is generated based on the
multiple divided sub-band signals, and the estimated wvalue
of the calculated high frequency sub-band power, and the
frequency band of the input signal is generated with the
generated high frequency signal component.

[0039]

An encoding device according to a second aspect of the
present invention includes: sub-band dividing means
configured to divide an input signal into multiple sub-bands,
and to generate a low freguency sub~band signal made up of
multiple sub-bands at a low frequency side and a high
frequency sub-band signal made up of multiple sub-bands at a
high frequency side; feature amount calculating means
configured to calculate feature amount that expresses a
feature of the input signal, using at least one of the low
frequency sub-band signal generated by the sub-band dividing
means, and the input signal; pseudo high frequency sub-band
power calculating means configured to calculate a pseudo
high frequency sub-band power that is a pseudo power of the

high frequency sub-band signal based on the feature amount



[0047]  An encoding method according to the second aspect of the present invention includes: a
sub-band dividing step arranged to divide an input signal into multiple sub-bands, and to generate a
low frequency sub-band signal made up of multiple sub-bands at a low frequency side and a high
frequency sub-band signal made up of multiple sub-bands at a high frequency side; a feature amount
calculating step arranged to calculate feature amount that expresses a feature of the input signal,
using at least one of the low frequency sub-band signal generated by the processing in the sub-band
dividing step, and the input signal; a pseudo high frequency sub-band power calculating step arranged
to calculate a pseudo high frequency sub-band-pdwer that is a pseudo power of the high frequency
sub-band signal based on the feature amount calculated by the processing in th&Ffeéfdré’amount
calculating step; a pseudo high frequency sub-band power difference calculating step arranged to
calculate a ArRyhcirégtiedcp sulbiantiepdwee tiratastite polvet lof thadigle reguensy sib-band signal
from the high,frequency sub-band signal generated by _the processing in the sub-band dividing step,
and to Ca|C%}éi%%p§é:& %?g%fr%?%é#@f} dUBBEHd %6%%?%%%8 Ezf?réftliitdiﬁgré?wecaenés to the pseudo
high frequeney: subhangd pewes calculated by the, pracassino-i thedaseude highdrequgncy sub-band
power - 20 - SP248477 calculating step; a high frequency encoding step arranged to encode the
pseudo high fretiueneyvseb-band pewer diffénermeccalpulstéd bytke prgeessidg imthérpseudo high
frequency sub-band gower difference calculatingoivtep to generate hi%?é[requency encoded data; a low

frequency entBaing SEFATINGEH 16 3hdots D iow FERREALS Sighal i§ PoRffequency signal of
the input signa} {a generatelow kgduency.encedad data.ard afnylipiexing step arranged to multiplex
the low frequency encoded data generated by the processing in the low frequency encoding step, and
the high fregpaedcyreneoddd tifta generdtedby: thedpriotessimeinahe tigh fre geemeyencoding step to
obtain an output code string. [0048 A program accordin%%o the second aspect causing a computer

]
to execute %gsgiﬁﬁqwéfb gD s OB HARPERTiNG ST ahafgRd thtiviaE S hpit Sgnal into
multiple subrbagdsrapd tageneraien low fregueney subsbard siongl made-yp gfdpulliple sub-bands

at a low frequency side and a high frequency sub-band signal made up of multiple sub-bands at a high
frequency side;@ifesdureeampurtcélculatiny stepearadgediie cplaelate featire amount that expresses

a feature of the input signal, using at least one of the low frequency sub-band signal generated by the

processing M &SI haRdaiviny BRE it theShpRt Signat W péésdo RigH heqaeRtySub-band
power calculaling 24 SR2AAI_siepAranged f ealcilatea psswdq high freguency sub-band

power that is a pseudo power of the high frequency sub-band signal based on the feature amount
calculated bystheeprecessingiioihéfeaiuregmeunbdaldutiding ;stépwa psegderugh frequency -
sub-band power difference calculating step arranged to calculate a high frequency sub-band power

that is the pOWer B e G freGRRhEG SuBhdtd SRR Froin H& higheREgaENCy $6B%and signal
generated by the piocessing ia,ibe sub-hand ddingestep, an o calculate psepdo high frequency

sub-band power difference that is difference as to the pseudo high frequency sub-band power
calculated byethermproee$singiindhegrsewdenhighidregisercy sulatband powerxdalgulatiagsstep; a high
frequency encoding step arranged to encode the pseudo high frequency sub-band power difference

calculated ByREIFOERLsiHG MYAE PRERHoHRGh IR ISR SRS BaRB§RARS difiGfence calculating step
to generate high frequgncy encoded. fata. a.law frequency: encading step giyanged; 1o gncode a low

frequency signal that is a low frequency signal of the input signal to generate low freqiiency encoded
data; and a fmeltipkexing steprarrdnded 40 gauléipteethestpwtitequenty eneedechdata generated by the
processing in the low frequency encoding step, and the high frequency encoded data generated by the

processing fiFFRRDR FEGiehdPefbding tap 0 bBEtinhf6uthtt £B8e string. [0049]
(0040}

The encoding device may further include low frequency
decoding means cenfigured to deccde the low frequency
encoded data generated by the low frequency encoding means

to generate a low frequency signal; with the sub-band



- 22 - SP248477  With the second aspect of the present invention, an input signal is divided into
multiple sub-bands, a low frequency sub-band signal made up of multiple sub-bands at a low
frequency side and a high frequency sub-band signal made up of multiple sub-bands at a high
frequency side are generated, feature amount that expresses a feature of the input signal is calculated
with at least one of the generated low frequency sub-band signal and the input signal, a pseudo high
frequency sub-band power that is a pseudo power of the high frequency sub-band signal is calculated
based on the calculated feature amount, a high frequency sub-band power that is the power of the
high frequency sub-band signal is calculated fromlthe-generated high frequency sub-band signal,
pseudo high frequency sub-band power difference that is difference as to the caf®Hdfed/gseudo high
frequency sub-band power is calculated, the calculated pseudo high frequency sub-band power
difference isléNésHewtaganaraenvgh fretfichiey eroodadedntan avow fretpaatyssignal that is a low

frequency signal of the input signal is encoded to generate low frequency encoded data, and the
frg ot o Pr(%e%lggt%yaﬁ& e geﬁ%rrlé?tlé%lﬁahl?r\éqffé céoe"hc%]a%‘au&élt%yare

generated low frequency enco
multiplexed @ eb&ainaedtt code string. [0050] A decoding device according to a third aspect of the
- 23 - SP248477 present invention includes: demultiplexing means configured to demultiplex input
encoded dafihé ht least low frequency encoded data and an index; low frequency decoding means
configured to dec%d?eeti}lell%‘w Pequenc encoded data to generate a low fre%uency signal; sub-band

0

dividing means configured to ahvide the BaRt SHHHE foli et ety Sign&intd-fultiple low frequency
sub-bands te;genesate g Igw:freanendesyhband siggal foreaghoffhe lpwfrequency.sub-bands; and

generating means configured to generate the high frequency signal based on the index and the low
frequency sdbifmrksighal.and a representative vector or representative

value in predetermined plurality of pseudo high frequency

sub-band power difference space to generate an index

corresponding to a representative vector or representative

value of which the similarity is the maximum, as the high

frequency encoded data.

10042]

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

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

calculating means may calculate the evaluated value based on



[0051] The index may be obtained, at a device which encodes an input signal and outputs the
encoded data, based on the input signal before encoding, and the high frequency signal estimated
from the input signal. [0052] The index may have not been encoded. [0053] The index may be
information indicating an estimating coefficient used for generation of the high frequency signal. [0054]
The generating means may generate the high frequency signal based on, of the multiple estimating
coefficients, the estimating coefficient indicated by the index. - 24 - SP248477 [0055] The
generating means may include feature amount calculating means configured to calculate feature
amount that expresses a feature of the encoded ddta-using at least one of the low frequency sub-band
signal and the low frequency signal; high frequency sub-band power calculatingSHe&R$ tonfigured to
calculate a high frequency sub-band power of a high frequency sub-band signal of the high frequency
sub-band by tafcegdttorrbgingfihefeatfresamountand thbestamtiiy ddefficitne mgarcling each of

T e e e
high frequerey sub-bandhpowss angddbe g frequengy. sul-band signal. frequency

sub-band power of the sub-band, or the mean value of the

pseuds high frequency sub-band power difference of each sub-

pand.

[0044]

The pseudo high freguency sub-band pcwer difference
calculating means may calculate the evaluated value based cn
the pseudo high freguency sub-band power difference of
different frames.
i0045]

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

[0046]

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

sub-band is, the greater weight thereof is.



[0056] The high frequency sub-band power calculating means may calculate the high frequency
sub-band power of the high frequency sub-band by linearly combining a plurality of the feature amount
using the estimating coefficient prepared for each of the high frequency sub-bands. [0057] The
feature amount calculating means may calculate a low frequency sub-band power of the low frequency
sub-and signal for each of the low frequency sub-bands as the - 25 - SP248477 feature amount.
[0058] The index may be information indicating the estimating coefficient whereby the high
frequency sub-band power most approximate to the high frequency sub-band power obtained from the
high frequency signal of the input signal beforeerddbding is obtained as a result of comparison
between the high frequency sub-band power obtained from the high frequency $i§R4Bdfthe input
signal before encoding and the high frequency sub-band power generated based on the estimating
coefficient of ¥/¢ Multiple estimating coefficients. [0059]  The index may be information indicating
the estimating co {i}ciggt ngerrlebxltr%%s m 8fc squares %f diffﬁrence bet(\]/lveen thethiggl frequency
sub-band power o taineac%rom%he%lgﬁ requency s@nalooffi 8 irslﬁﬁtoagngfﬁgfére encoding, and the
high frequengespli-bang:paweegensrateddasackon the estimatinooosfficient gbtained for each of the

high frequency sub-bands, becomes the minimum.
arranged to divide an input signal into multiple sub-bands,
and to generate a low frequency sub-band signal made up of
rmeltiple sub-bands at a low frequency side and a high
frequency sub-band signal made up of multiple sub-bands at a
high frequency side; a feature amount calculating step
arranged tc calculate feature amount that expresses a
feature of the input signal, using at least one of the low
frequency sub-band signal generated by the processing in the
sub~band dividing step, and the input signal; a pseudo high
frequency sub-band power calculating step arranged to
calculate a pseudeo high frequency sub-band power that is a
pseudo power of the high frequency sub-band signal based on
the feature amount calculated by the processing in the
feature amount calculating step; a pseude high freguency
sub-band power difference calculating step arranged to
calculate a high frequency sub-band power that is the power
of the high freguency sub-band signal from the high
frequency sub-band signal generated by the processing in the
sub-band dividing step, and to calculate pseudo high
frequency sub-band power difference that is difference as to
the pseudo high frequency sub-band power calculated by the

processing in the pseude high frequency sub-band power



[0060] The encoded data may further includes difference information indicating difference between
the high frequency sub-band power obtained from the high frequency signal of the input signal before
encoding, and the high frequency - 26 - SP248477 sub-band power generated based on the
estimating coefficient. [0061]  The difference information may have been encoded. [0062] The
high frequency sub-band power calculating means may add the difference indicated with the difference
information included in the encoded data to the high frequency sub-band power obtained by
calculation using the feature amount and the estimating coefficient; with the high frequency signal
generating means generating the high frequency 8igmal based on the high frequency sub-band power
to which the difference has been added, and the low frequency sub-band signalS F3363 ihe estimating
coefficient may be obtained by regression analysis using the least square method with the feature
amount as &% expladbiary Vrkible anditie RighdveqiehEsislbandyiereras anasedlaimed variable.

[0064] encode the pseudo high frequency sub-band power difference

calculated by the processing in the pseudo high frequency
sub—pand power difference calculating step to generate high
frequency encoded data; a low freguency enceding step
arranged to encede a leow frequency signal that is a low
frequency signal of the input signal to generate low
frequency encocded data; and a multiplexing step arranged to
multiplex the low frequency encoded data generated by the
processing in the low frequency encoding step, and the high
frequency encoded data generated by the processing in the
high frequency enceoding step tc obtain an output code string.
1604873

A program according to the second aspect causing a
computer to execute processing including: a sub-band
dividing step arranged to divide an input signal into
multiple sub-bands, and to generate a low frequency sub-band
signal made up of multiple sub-bands at a low frequency side
and a high frequency sub-band signal made up of multiple
sub-bands at a high frequency side; a feature amount
calculating step arranged to calculate feature amount that
expresses a feature cof the input signal, using at least one
of the low frequency sub-band signal generated by the
processing in the sub-band dividing step, and the input

signal; a pseudo high freguency sub-band power calculating



The decoding device may further include, with the index being information indicating a difference
vector made up of the difference for each of the high frequency sub-bands wherein difference between
the high frequency sub-band power obtained from the high frequency signal of the input signal before
encoding, and the high frequency sub-band power generated based on the estimating coefficient as an
element, - 27 - SP248477 coefficient output means configured to obtain distance between a
representative vector or representative value in feature space of the difference with the difference of
the high frequency sub-bands as an element, obtained beforehand for each of the estimating
coefficients, and the difference vector indicated-b¥ the index, and to supply the estimating coefficient of
the representative vector or the representative value whereby the distance is thé sh&8t#st, of the
multiple estimating coefficients, to the high frequency sub-band power calculating means. [0065]

The index n¥&FBeanforrrRdntifdivatingthecestirmatvgleodtiglent o euprality wf the mdtimating

coefficients whereby .as a result of comparison between the high frequency signal of the input signal
before enc:o%‘i’r‘{ggigirari%1 f3hte ﬁlsghafrg(‘qsﬁgn((:% g%‘"ﬁ%’fg%%e%%d}bﬁ%%d%ﬁq?ﬁéa %é/ m%‘f%m E3Etficient, the high
frequency signal mogtannroximatestorthechigh freguancysigeahefibe inputsignal before encoding is

obtained. [0066] The estimating coefficient may be obtained by regression analysis. [0067] The
generating BeRPSIRa}gereratecthechighrequentyt calculating step; a pseudo

high frequency sub-band power difference calculating step
arranged to calculate a high frequency sub-band power that
is the power of the high frequency sub-band signal from the
high frequency sub-band signal generated by the processing
in the sub-band dividing step, and to calculate pseudo high
frequency sub-band power difference that is difference as to
the pseudo high frequency sub-~band power calculated by the
processing in the pseudo high frequency sub-band power
calculating step; a high frequency encoding step arranged to
encode the pseudo high frequency sub-band power difference
calculated by the processing in the pseudo high frequency
sub-band power difference calculating step to generate high
frequency encoded data; a low frequency encoding step
arranged to encode a low frequency signal that is a low
freguency signal of the input signal to generate low
frequency encoded data; and a multiplexing step arranged to
multiplex the low frequency encoded data generated by the
processing in the low frequency encoding step, and the high
frequency encoded data generated by the processing in the
high frequency encoding step to obtain an output code string.

[0048]



signal based on information obtained by decoding the encoded - 28 - SP248477 index. [0068] The
index may have been subjected to entropy encoding. [0069] A decoding method or program
according to the third aspect includes: a demultiplexing step arranged to demultiplex input encoded
data into at least low frequency encoded data and an index; a low frequency decoding step arranged
to decode the low frequency encoded data to generate a low frequency signal; a sub-band dividing
step arranged to divide the band of the low frequency signal into multiple low frequency sub-bands to
generate a low frequency sub-band signal for each of the low frequency sub-bands; and a generating
step arranged to generate the high frequency sigRal based on the index and the low frequency
sub-band signal. [0070]  With the third aspect of the present invention, input éRédded data is
demultiplexed into at least low frequency encoded data and an index, the low frequency encoded data
is decoded to gerfétale &16w IRERIEhcySsigRAl, Fe PapdoteRetowfratpiericyrsighal is divided into
multiple Iow.fre%%ency su -bandg.to %%r(ljerat a low fregieenc! ul -baéld sign:illofor each of the low

frequency sb%?bandﬁsl,gfna thleshlg Vf}equeﬁ(l?y gigr?]% Fsl enerated Pased ‘on the“ihdex and the low

frequency t29quency sub-band signal made up of multiple sub-bands at a
low frequency side and a high frequency sub-band signal made
up of multiple sub-~bands at a high frequency side are
generated, feature amount that expresses a feature of the
input signal is calculated with at least one of the
generated low frequency sub-band signal and the input signal,
a pseudo high frequency sub-band power that is a pseudoc
power of the high freguency sub-band signal is calculated
based on the calculated feature amount, a high frequency
sub-band power that is the power of the high frequency sub-
band signal is calculated from the generated high frequency
sub-band signal, pseudo high frequency sub-band power
difference that is difference as to the calculated pseudo
high freguency sub-~band power is calculated, the calculated
pseudo high freguency sub-band power difference is encoded
tc generate high frequency encoded data, a low frequency
signal that is a low frequency signal of the input signal is
encoded to generate low frequency encocded data, and the
generated low freguency encoded data and the generated high
frequency encoded data are multiplexed to obtain an ocutput
code string.

[G050]

A decoding device according to a third aspect of the



SP248477 sub-band signal. [0071] A decoding device according to a fourth aspect of the present
invention includes: demultiplexing means configured to demultiplex input encoded data into low
frequency encoded data and an index for obtaining an estimating coefficient used for generation of a
high frequency signal; low frequency decoding means configured to decode the low frequency
encoded data to generate a low frequency signal; sub-band dividing means configured to divide the
band of the low frequency signal into multiple low frequency sub-bands to generate a low frequency
sub-band signal for each of the low frequency sub-bands; feature amount calculating means
configured to calculate feature amount that expregses-a feature of the encoded data using at least one
of the low frequency sub-band signal and the low frequency signal; high frequergs2<fi#band power
calculating means configured to calculate a high frequency sub-band power of the high frequency
sub-band signakehitheinighrftaque noycSulidan ddenniutitipléxmirihedeatirecambiigt:byg dhe estimating
coefficient determined by the index of the multiple estimating coefficients prepared beforehand

regarding e&éh SFRRATERYEEh Frdtitlerfyraisbafisamaking ik theeBahd Hhe high frequency signal,
and obtaining the. sua ofthe Jgalirg.Arqounliby yhigh ue esfimatipg cosffigient bas peen - 30 -

SP248477 multiplied; and high frequency signal generating means configured to generate the high

frequency sigeat sstghthisghighdreguerayoseb-fiandlpewerand ¢he {owAregiehcy=sub-band signal.
[0072] The feature amount calculating means may calculate a low frequency sub-band power of the

low frequen8FREPATEE sighial FHERGTR oY 1 RF fregBieRcy 308 -BHidCdgdhaeans

configured to divide the band of the low fregquency signal
into multiple low frequency sub-bands to generate a low
frequency sub~band signal for each of the low freguency sub-
bands; and generating means configured to generate the high
frequency signal based on the index and the low freguency
sub~pand signal.

{0051]

The index may be cktained, at a device which encodes an
input signal and outputs the encoded data, based on the
input signal before encoding, and the high frequency signal
estimated from the input signal.

[0052]

The index may have not been encoded.
[0C53]

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

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

the estimating coefficient indicated by the index.



feature amount. [0073]  The index may be information for obtaining the estimating coefficient of the
multiple estimating coefficients whereby the sum of squares of difference obtained for each of the high
frequency sub-bands, which is difference between the high frequency sub-band power obtained from
the true value of the high frequency signal, and the high frequency sub-band power generated with the
estimating coefficient, becomes the minimum. [0074]  The index may further include difference
information indicating difference between the high frequency sub-band power obtained from the true
value, and the high frequency sub-band power generated with the estimating coefficient; with the high
frequency sub-band power calculating means farthér adding the difference indicated by the difference
- 31 - SP248477 information included in the index to the high frequency sub-baritPgé®£y dbtained by
obtaining the sum of the feature amount by which the estimating coefficient has been multiplied; and
wherein the Mgty frequency signal generating means generating the high frequency signal using the
high frequency sub-band power to which the difference has been added by the high frequency

sub-band power caRSIZHY Ffars? dAEAhe [BRYreqendrsi5-bamttsigRaid075]  The index may
be"ﬁo”“3“92i%@?@@@%&h%é%ﬁgﬁﬁgﬁw%gﬂﬁg@”EO calculate feature amcunt

that expresses a feature cf the encoded data using at ieast
one of the low frequency sub-band signal and the low
frequency signal; high frequency sub-band power calculating
means configured t§ calculate a high freguency sub-kand
power of a high freguency sub-band signal ¢f the high
frequency sub-band by calculation using the feature amount
and the estimating coefficient regarding each of multiple
high fregquency sub-bands making up the band of the high
frequency signal; and high frequency signal generating means
configured to generate the high frequency signal based on
the high fregquency sub-band power and the low frequency sub-
band signal.

[005¢€]

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

[C057]

The feature amount calculating means may calculate a

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

signal for each of the low freguency sub-bands as the



[0076] The index may be information obtained by information indicating the estimating coefficient
being subjected to entropy encoding; with the high frequency sub-band power calculating means
calculating the high frequency sub-band power using the estimating coefficient indicated by
information obtained by decoding the index. [0077]  The multiple estimating coefficients may be
obtained beforehand by regression analysis using the least square method with the feature amount as
an explanatory variable and the high frequency sub-band power as an explained variable. [0078] - 32
- SP248477  The decoding device may further include, with the index being information indicating a
difference vector made up of the difference foreath of the high frequency sub-bands wherein
difference between the high frequency sub-band power obtained from the true véidé %f e high
frequency signal, and the high frequency sub-band power generated with the estimating coefficient as
an elementfesdfficieramepat-means configured to obtain distance between a representative vector or
representativ&o\é%l e in feature space of the difference with the difference of the high frequency
sub-bands as an element, obtained beforehand for each of the estimating coefficients, and the

difference vector ingicateddy the, incex; ard:tq.supply thesestimating ceeflicientafthe yepresentative
vector or the representative value whereby the distance is the shortest, of the multiple estimating

coefficients¢teethel bigkrfre qphemep sulbtzard. gbwér egloetatingsmizapsn f0%8ler Aakscoding method or
program accordiral% to the fourth aspect of the present invention includes: a demultiplexing step

arranged to HEHORIBIE apth entd et RatabiRtE N HretiBRR BAcBAEa W’ St &t index for
obtaining ar estimaling-cogffieiant used,for gengiation oha highfrequeney signat.a low frequency

decoding step arranged to decode the low frequency encoded data to generate a low
encoding is obtained as a result of comparison between the
high frequency sub-band power obtained from the high
frequency signal of the input signal before encoding and the
high frequency sub-band power generated based on the
estimating coefficient of the multiple estimating
coefficients.
[6059]

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

[0060]

The encoded data may further includes difference
information indicating difference between the high frequency
sub-band power cbtained from the high freguency signal of

the input signal before encoding, and the high frequency



- 33 - SP248477 frequency signal; a sub-band dividing step arranged to divide the band of the low
frequency signal into multiple low frequency sub-bands to generate a low frequency sub-band signal
for each of the low frequency sub-bands; a feature amount calculating step arranged to calculate
feature amount that expresses a feature of the encoded data using at least one of the low frequency
sub-band signal and the low frequency signal; a high frequency sub-band power calculating step
arranged to calculate a high frequency sub-band power of the high frequency sub-band signal of the
high frequency sub-band by multiplexing the feature amount by the estimating coefficient determined
by the index of the multiple estimating coefficients2repared beforehand regarding each of multiple
high frequency sub-bands making up the band of the high frequency signal, andsel2ta@iig the sum of
the feature amount by which the estimating coefficient has been multiplied; and a high frequency
signal genersatipigestag arrriyeditngendrate tae diglrfreghen@ssitmat iisingdhe high fregriency
sub-band poveé%rﬁ?d the low frequency sub-band signal. [0080]  With the fourth aspect of the
present inve% 10N, input encoded data is demultiplexed into low frequency encoded data and an index

for obtaining an esfiraating sgefficientusertfor.genietation:of adhigh Jequency signal, the low - 34 -

SP248477 frequency encoded data is decoded to generate a low frequency signal, the band of the low
frequency sigadisldivided into multiple low frequency sub-bands to generate a low frequency
sub-band signal for each of the low frequency sub-bands, feature amount that expresses a feature of

the encoded data &°Calttfted VAt &R fRast URetor A elB e difer i - &i-Banasagaaraid the low
frequency signal..abiaks freguency suband pgwer of the bigh fregyeney syk-hand signal of the high

frequency sub-band is calculated by multiplexing the feature amount by the estimating
included in the enceded data to the high frequency sub-band
pewer obtained by calculation using the feature amount and
the estimating ccefficient; with the high frequency signal
generating means generating the high freguency signal based
on the high frequency sub-band power tc which the difference
has been added, and the low freguency sub-band signal.
{0063}

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

[0064]

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

generated based on the estimating coefficient as an element,



coefficient determined by the index of the multiple estimating coefficients prepared beforehand
regarding each of multiple high frequency sub-bands making up the band of the high frequency signal,
and obtaining the sum of the feature amount by which the estimating coefficient has been multiplied,
and the high frequency signal is generated with the high frequency sub-band power and the low
frequency sub-band signal. Advantageous Effects of Invention [0081]  According to the first aspect
through fourth aspect of the present invention, music signals can be played with higher sound quality
due to the extension of frequency bands. Brief Description of Drawings [0082] - 35 - SP248477
[Fig. 1] Fig. 1 is a diagram illustrating an exampleZof a low frequency power spectrum after decoding,
serving as an input signal, and an estimated high frequency envelope.  [Fig. 2} F§. 4 & a diagram
illustrating an example of an original power spectrum of an attack-type music signal which
accompaniex g iémporally sudeen chapge. confrigudpRigh S isktblbekdiagrrr dlustrating a functional
configuratiog %ﬁamgle ofra frequergcgtbiand exteQding ge\éice accorq:ing toa firs{ embhodiment of the
present invention. - TFlg?afle—'?ge. k53 owcHarb deSribin ra%sée%an%pfevgf ?fg‘qll}een(:ff/1 band extending
processing by 1he fiequency hand-gxtending device iR:Rig. 3he difference of the

high frequency sub-bands as an element, obtained beforehand

for each of the estimating coefficients, and the difference

vector indicated by the index, and to supply the estimating

coefficient of the representative vector or the

representative value whereby the distance is the shortest,

of the multiple estimating coefficients, to the high

frequency sub-band power calculating means.

[0065]

The index may be information indicating the estimating

coefficient of a plurality of the estimating coefficients

whereby as a result of comparison between the high freguency

signal of the input signal before encoding, and the high

frequency signal generated based on the estimating

coefficient, the high frequency signal most approximate to

the high frequency signal of the input signal before

encoding is obtained.

0066}

The estimating coefficient may be obtained by
regression analysis,
[0067]

The generating means may generate the high frequency

signal based on information obtained by decoding the encoded



[Fig. 5] Fig. 5 is a diagram illustrating the power spectrum of the signal input in the frequency band
extending device in Fig. 3 and the positioning on the frequency axis of the bandpass filter. [Fig. 6]
Fig. 6 is a diagram illustrating an example of the frequency feature of a vocal segment and the
estimated high frequency power spectrum. [Fig. 7] Fig. 7 is a diagram illustrating an example of the
power spectrum of the signal input in the frequency band extending device in Fig. 3. [Fig. 8] Fig. 8
is a diagram illustrating an example of a power spectrum after liftering of the input signal in Fig. - 36 -
SP248477 7.  [Fig. 9] Fig. 9 is a block diagram illustrating a functional configuration example of a
coefficient learning device to perform learning of @®fficients used in a high frequency signal
generating circuit of the frequency band extending device in Fig. 3.  [Fig. 10] Bieg 484i37a flowchart
describing an example of coefficient learning processing by the coefficient learning device in Fig. 9.
[Fig. 11] Figi1ddeg a block diagram illustrating a functional configuration example of an encoding
device according to a second embodiment of the present invention.  [Fig. 12] Fig. 12 is a flowchart
describing an’d gr}]ple of encoding processing by the encoding device in Fig. 11.

The index may have been subjected to entropy enceding.
[0069]

A decoding method or program according to the third
aspect includes: a demultiplexing step arranged to
demultiplex input encoded data into at least low frequency
encoded data and an index; a low frequency decocding step
arranged to decode the low frequency encoded data to
generate a low frequency signal; a sub-band dividing step
arranged to divide the band of the low frequency signal into
multiple low frequency sub-bands to generate a low freguency
sub-band signal for each of the low frequency sub-bands; and
a generating step arranged to generate the high frequency
signal based on the index and the low frequency sub-band
signal.

[0070]

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

signal is generated based on the index and the low frequency



[Fig. 13] Fig. 13 is a block diagram illustrating a functional configuration example of the decoding
device according to the second embodiment of the present invention. [Fig. 14] Fig. 14 is a
flowchart describing an example of decoding processing by the decoding device in Fig. 13.  [Fig. 15]
Fig. 15 is a block diagram illustrating a functional configuration example of a coefficient learning device
to perform learning of representative vectors used in the high frequency encoding circuit of the
encoding device in Fig. 11 and of decoded high frequency sub-band power estimating coefficients
used in the high frequency decoding - 37 - SP248477 circuit of the decoding device in Fig. 13.

[Fig. 16] Fig. 16 is a flowchart describing an examb®e of coefficient learning processing by the
coefficient learning device in Fig. 15. [Fig. 17] Fig. 17 is a diagram illustrating anS@Z#8plE’ of a code
string output by the encoding device in Fig. 11. [Fig. 18] Fig. 18 is a block diagram illustrating a
functional cé&ifiglratien Tigmidle of an encoding device. [Fig. 19] Fig. 19 is a flowchart describing
encoding [0071]

A deccding device according to a fourth aspect of the
present invention includes: demultiplexing means configured
to demultiplex input encoded data into low freguency enccded
data and an index for cbtaining an estimating coefficient
used for generation of a high frequency signal; low
frequency decocding means configured to decode the low
frequency encoded data to generate a low frequency signal;
sub-band dividing means configured to divide the band of the
low frequency signal into multiple low frequency sub-bands
to generate a lew frequency sub~band signal for each of the
low frequency sub-bands; feature amount calculating means
configured to calculate feature amount that expresses a
feature of the enccded data using at least one of the low
frequency sub-band signal and the low frequency signal; high
frequency sub-band power calculating means configured to
calculate a high freguency sub-band power of the high
frequency sub-band signal of the high freguency sub-band by
multiplexing the feature amount by the estimating
coefficient determined by the index of the multiple
estimating coefficients prepared beforehand regarding each
of multiple high freguency sub-bands making up the band of
the high frequency signal, and obtaining the sum of the

feature amount by which the estimating coefficient has been



processing. [Fig. 20] Fig. 20 is a block diagram illustrating a functional configuration example of a
decoding device. [Fig. 21] Fig. 21 is a flowchart describing decoding processing. [Fig. 22] Fig. 22 is

a flowchart describing encoding processing. [Fig. 23] Fig. 23 is a flowchart describing decoding
processing. [Fig. 24] Fig. 24 is a flowchart describing encoding processing. [Fig. 25] Fig. 25is a
flowchart describing encoding processing. [Fig. 26] Fig. 26 is a flowchart describing encoding

processing. [Fig. 27] Fig. 27 is a flowchart describing encoding - 38 -

- 30 -
Spz248477

multiplied; and high frequency signal generating means
configured to generate the high frequency signal using the
high freguency sub-band power and the low freguency sub-band
signal.

[G072]

The feature amcunt calculating means may calculate a
low frequency sub-band power of the low frequency sub-band
signal for each of the low freguency sub-bands as the
feature amcunt.

[0073]

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

[0074]

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

further adding the difference indicated by the difference



SP248477 processing. [Fig. 28] Fig. 28 is a diagram illustrating a configuration example of a coefficient
learning device. [Fig. 29] Fig. 29 is a flowchart describing coefficient learning processing. [Fig.
30] Fig. 30 is a block diagram illustrating a configuration example of computer hardware that executes
processing to which the present invention has been applied, by a program. Description of
Embodiments [0083] Embodiments of the present invention will be described with reference to the
appended diagrams. Note that description will be given in the following order. 1. First Embodiment (in
case of applying the present invention to a frequency band extending device) 2. Second Embodiment
(in case of applying the present invention to amrefléoding device and decoding device) 3. Third
Embodiment (in case of including coefficient index in high frequency encoded datz)y8477

information included in the index to the high fregquency sub-
band power obtained by cbtaining the sum of the feature
amount by which the estimating coefficient has been
multiplied; and wherein the high frequency signal generating
means generating the high frequency signal using the high
frequency sub-band power'to which the difference has been
added by the high frequency sub-band power calculating means,
and the low frequency sub-band signal.

[0075]

The index may be information indicating the estimating
cocefficient.
[0076]

The index may be information obtained by information
indicating the estimating coefficient being subjected to
entropy encoding; with the high fregquency sub-band power
calculating means calculating the high frequency sub-band
power using the estimating coefficient indicated by
information cbtained by decoding the index.

(0077} |

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

[G078]



4. Fourth Embodiment (in case of including coefficient index and pseudo high frequency sub-band
power difference in the high frequency encoded data) 5. Fifth Embodiment (in case of selecting a
coefficient index using an evaluation value) - 39 - SP248477 6. Sixth Embodiment (in case of sharing
a portion of coefficients) [0084] CI. First Embodiment>  According to a first embodiment, processing
to extend a frequency band (hereafter called frequency band extending processing) is performed as to
low frequency signal components after decoding which are obtained by decoding encoded data with a
high frequency deleting encoding method. [0085] [Functional Configuration Example of Frequency
Band Extending Device]  Fig. 3 shows a functictal configuration example of a frequency band
extending device to which the present invention is applied. [0086] SP248477

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

[0079]

A decoding method or program according to the fourth
aspect of the present invention includes: a demultiplexing
step arranged to demultiplex input encoded data into low
frequency encoded data and an index for obtaining an
estimating coefficient used for generation of a high
frequency signal; a low frequency decoding step arranged to

decode the low frequency encoded data to generate a low



With low frequency signal components after decoding as an input signal, the frequency band
extending device 10 performs frequency band extending processing as to the input signal thereof, and
outputs the signal after frequency band extending processing obtained as a result thereof as an output
signal. [0087] A frequency band extending device 10 is made up of a low-pass filter 11, delay circuit
12, bandpass filter 13, - 40 - SP248477 feature amount calculating circuit 14, high frequency
sub-band power estimating circuit 15, high frequency signal generating circuit 16, high-pass filter 17,
and signal adding unit 18. [0088]  The low-pass filter 11 filters the input signal with a predetermined
cutoff frequency, and supplies the low frequency Signal components which are signal components of a
low frequency to the delay circuit 12 as a post-filtering signal. [0089]  In order&&&3féhronize in the
event of adding together the low frequency signal components from the low-pass filter 11 and the high
frequency sigfREEBRTIOMEIEad bead Ssdtiternthter the tetnystiesuie L2 dedays thwe low frequency signal
[ i ' the signal adding unit 18. [0090
components,for 3,certain amoynt of delay time and then supRlies to the,sianal agding [0020]
low frequency sub-bands to generate a low fregquency sub-band
signal for each of the low frequency sub-bands; a feature
amount calculating step arranged to calculate feature amount
that expresses a feature of the encoded data using at least
one of the low frequency sub-band signal and the low
frequency signal; a high frequency sub-band power
calculating step arranged to calculate a high frequency sub-
band power of the high frequency sub-band signal of the high
frequency sub-band by multiplexing the feature amount by the
estimating coefficient determined by the index of the
multiple estimating coefficients prepared beforehand
regarding each of multiple high fregquency sub-bands making
up the band of the high frequency signal, and obtaining the
sum of the feature amount by which the estimating
coefficient has been multiplied; and a high frequency signal
generating step arranged to generate the high freguency
signal using the high fregquency sub-band power and the low
frequency sub-band signal.
[0080C]
With the fourth aspect of the present invention, input
encoded data is demultiplexed into low frequency encoded

data and an index for obtaining an estimating coefficient

used for generation of a high frequency signal, the low



The bandpass filter 13 is made up of bandpass filters 13-1 through 13-N which each have different
passbands. The bandpass filter 13-i (1 5i 5 N) allows a predetermined passband signal of the input
signal to pass through, and as one of the multiple sub-band signals, supplies this to the feature
amount calculating circuit 14 and high frequency signal generating circuit 16. - 41 - 3P2 48477 [0091]
The feature amount calculating circuit 14 uses at least one of multiple sub-band signals from the
bandpass filter 13 and the input signal to calculate one or multiple feature amounts, and supplies this
to the high frequency sub-band power estimating circuit 15. Now, the feature amount is information
indicating a signal feature of the input signal. [0092] — The high frequency sub-band power estimating
circuit 15 calculates an estimated value of a high frequency sub-band power wht&# {34 pbwer of a high
frequency sub-band signal, for each high frequency sub-band, based on the one or multiple feature
amounts frohi IHEERNrE APREGRT cAEalatifgtarReMeHs, tehdsappliRdsetheséas the high frequency

signal generating_circuit 16, [0093]. .. . The high freque signal generating circuit 16 generates high
frequency s%ﬁéﬁ%%ﬁoﬁé&%a\%hicﬁhaeregﬁaéaloc%r%%gr?g%ﬁ %Eae |g%nﬁ¥q5%ﬁ8ﬁfn&ssed on the multiple

sub-band signalsiram: thesbandpass fltex13 arshihenestinatedwalyes of the fayltiple sub-band
powers from the high frequency sub-band power estimating circuit 15, and supplies these to the
high-pass filter 17 prooa) Theshigtpass filkena? fifters srchighffrédgedsyw frequency

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

Advantageous Effects of Invention

[ooe1]

According to the first aspect through fourth aspect of
the present invention, music signals can be played with
higher scund gquality due to the extension of frequency bands.
Brief Description of Drawings

[0082]



- 42 - SP248477 signal components from the high frequency signal generating circuit 16 with a cutoff
frequency corresponding to the cutoff frequency in the low-pass filter 11, and supplies this to the signal
adding unit 18. [0095]  The signal adding unit 18 adds a low frequency signal component from the
delay circuit 12 and a high frequency signal component from the high-pass filter 17, and outputs this
as the output signal. [0096]  Note that according to the configuration in Fig. 3, the bandpass filter 13
is used to obtain a sub-band signal, but the configuration is not restricted to this, and for example, a
band dividing filter such as disclosed in PTL 1 may be used. [0097]  Also, similarly, according to the
configuration in Fig. 3, the signal adding unit 18 is8sé&d to synthesize the sub-band signals, but the
configuration is not restricted to this, and for example, a band synthesizing filter3Rrch4d disclosed in
PTL 1 may be used. [0098]]
[Fig. 1} Fig. 1 is a diagram illustrating an example of
a low frequency power spectrum after decoding, serving as an
input signal, and an estimated high frequency envelope.
[Fig. 2] Fig. 2 is a diagram illustrating an example of
an original power spectrum of an attack-type music signal
which accompanies a temporally sudden change.
[Fig. 3] Fig. 3 is a block diagram illustrating a
functional cenfiguration example of a frequency band
extending device according to a first emboediment of the
present invention.
[Fig. 4] Fig. 4 is a flowchart describing an example of
frequency band extending processing by the freguency band
extending device in Fig. 3.
(Fig. 5] Fig. 5 is a diagram illustrating the power
spectrum of the signal input in the frequency band extending .
device in Fig. 3 and the positioning on the frequency axis
of the bandpass filter,
[Fig. 6] Fig. 6 is a diagram illustrating an example of
the frequency feature of a vocal segment and the estimated
high frequency power spectrumn.
[Fig. 7} Fig. 7 is a diagram illustrating an example of
the power spectrum of the signal input in the fregquency band
extending device in Fig. 3.

[Fig. B8] Fig. B is a diagram illustrating an example of

a power spectrum after liftering of the input signal in Fig.



[Frequency Band Extending Processing of Frequency Band Extending Device] Next, the frequency
band extending processing with the - 43 - SP248477 frequency band extending device in Fig. 3 will be
described with reference to the flowchart in Fig. 4. [0099]  In step Si, the low-pass filter 11 filters the
input signal with a predetermined cutoff frequency, and supplies the low frequency signal component
serving as a post-filtering signal to the delay circuit 12. [0100]  The low-pass filter 11 can set an
optional frequency as the cutoff frequency, but according to the present embodiment, with a
predetermined band as the extension starting band to be described later, a cutoff frequency is set
corresponding to the frequency of the lower end cftthe extension starting band. Accordingly, the
low-pass filter 11 supplies to the delay circuit 12 the low frequency signal compé&r@rts4Which are
signal components of a band lower than the extension starting band, as the post-filtering signal. [0101]
Also, the loW-pass filter 11 can also set an optimal frequency as the cutoff frequency, according to
encoding parameters such.as the high,frequency deleting encodjng method and bit rate and so forth of
the input signal. T e dde T fosgrjﬁ%tiog dde b%if%%a%da %eaﬁndiﬁ%q%gﬁ%’d—'ﬁpﬁﬁ 1, for example, can

be used as the enceding RARMEBIEF-[0102] example of a coefficient learning
device to perform learning of coefficients used in a high
frequency signal generating circuit of the frequency band
extending device in Fig. 3.

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

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

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

[Fig. 131 Fig. 13 is a block diagram illustrating a
functiconal configuration example of the decoding device
according to the second embodiment of the present invention.

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

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

estimating coefficients used in the high frequency decoding



- 44 - SP248477 In step S2, the delay circuit 12 delays the low frequency signal components from
the low-pass filter 11 by just a certain amount of delay time, and supplies this to the signal adding unit
18.[0103] In step S3, the bandpass filter 13 (bandpass filters 13-1 through 13-N) divides the input
signal into multiple sub-band signals, and supplies each of the post-dividing multiple sub-band signals
to a feature amount calculating circuit 14 and high frequency signal generating circuit 16. Note that
details of the processing to divide the input signal with the bandpass filter 13 will be described later.
[0104] In step S4, the feature amount calculating circuit 14 uses at least one of multiple sub-band
signals from the bandpass filter 13 and the inpat dignal to calculate one or multiple feature amounts,
and supplies this to the high frequency sub-band power estimating circuit 15. N6&2t# tHe details of
the processing to calculate the feature amount with the feature amount calculating circuit 14 will be
described 1&eFT01B5P GhestdpBikAe KGN Feryubhchistib-Band power estimating circuit 15

f:z;I(F:)uZIZ;edfs;stlmatieﬁdi%e}lu%]ofﬁtgtge _mlilélpl% hgghfqgaggg%s%%-sb&nl l%"gve?ﬁ bea}g,aergpqré the one or - 45

of coefficient learning processing by the coefficient
learning device in Fig. 15.

[Fig. 17]) Fig. 17 is a diagram illustrating an example
of a code string output by the encoding device in Fig. 11.

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

[Fig. 19} Fig. 19 is a flowchart describing encoding
processing.

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

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

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

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

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

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

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

[Fig. 27] Fig. 27 is a flowchart describing encoding



multiple feature amounts from the feature amount calculating circuit 14, and supplies these to the high
frequency signal generating circuit 16. Note that details of the processing to calculate the estimated
values of the high frequency sub-band powers with the high frequency sub-band power estimating
circuit 15 will be described later. [0106)  In step S6, the high frequency signal generating circuit 16
generates high frequency signal components, based on the multiple sub-band signals from the
bandpass filter 13 and the estimated values of the multiple high frequency sub-band power from the
high frequency sub-band power estimating circuit 15, and supplies these to the high-pass filter 17. The
high frequency signal components here are signa&omponents of a higher band than the extension
starting band. Note that details of the processing to generate the high frequency Bt édmponents
with the high frequency signal generating circuit 16 will be described later. [0107]  In step 37, the
high-pass fiRgpE#itErg the high frequency signal components from the high frequency signal
generating circuit 9 theré-:‘g) r;movna% n0|se from re eatlnf com onents to the low frequency
included in the hlgr11’| rgquen y S|gc+|al componen 5237 The fik8; sShd sup%lles the high frequency signal

components: i theysighed agdingupit e 46 -SRA4EE18ni0108l rning device.

[Fig. 29] Fig. 29 is a flowchart describing coefficient
learning processing.

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

Description of Embodiments
[G083]

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

1. First Embodiment (in case of applying the present
inventicn teo a frequency band extending device)

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

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

4, Pourth Embodiment (in case of including cocefficient index
and pseudo high frequency sub-band power difference in the
high freguency encoded data)

5. Fifth Embodiment (in case of selecting a ccefficient

index using an evaluation wvalue)



In step S8, the signal adding unit 18 adds the low frequency signal components from the delay circuit
12 and the high frequency signal components from the high-pass filter 17, and outputs this as an

output signal. [0109]

According to the processing above, the frequency band can be extended as to

the post-decoding low frequency signal components after decoding. [0110] Next, details of the
processing for each of the steps S3 through S6 in the flowchart in Fig. 4 will be described. [0111]
[Details of Processing by Bandpass Filter]  First, details of the processing by the bandpass filter 13
in step S3 of the flowchart in Fig. 4 will be described. [0112] Note that for ease of description,
hereafter, the number N of bandpass filters 13 wiff HeN = 4. [0113]

SP248477

6. Sixth Embodiment (in case of sharing a portion of

coefficients)

[C084]

<1l. First Embodiment>

According to a first embodiment, processing to extend a

frequency band (hereafter called frequency rand extending

processing) is performed as to low freguency signal

components after decoding which are obtained by decoding

encoded data with & high freguency deleting encoding methed.

[0085]

[Functional Configuration Example of Freguency 2and

Extending Device]

Fig. 3 shows a functicnal configuration example of a

frequency band extending device to which the present

invention is applied.

[0086]

With low fregquency signal components after decoding as

an input signal, the frequency band extending device 10

performs frequency band extending processing as to the input

signal thereof, and cutputs the signal after freguency band

extending processing obtained as a result thereof as an

cutput signal.

100871

A freguency band extending device 10 is made up of a

low-pass filter 11, delay circuit 12, bandpass filter 13,



For example, one of the 16 sub-bands obtained by dividing the Nyquist frequency of the input signal
into 16 equal parts may be set as the extension starting band, and of the 16 sub-bands, each of 4
sub-bands of a band lower - 47 - SP248477 than the extension starting band are set as passbands of
the bandpass filters 13-1 through 13-4, respectively. [0114]  Fig. 5 shows the position of each of the
passbands of the bandpass filters 13-1 through 13-4 on the frequency axis of each. [0115] As
shown in Fig. 5, if the first sub-band index from the high frequency of the frequency band (sub-band)
that is a band lower than the extension starting band is represented as sb, and second sub-band index
as sb-1, and the I'th sub-band index as sh-(I-1);-ed4éh -of the bandpass filters 13-1 through 13-4 are
assigned to be passbands for each of the sub-bands having an index of sb throwgtZ 4843, out of the

sub-bands lower than the extension starting band.
feature amount calculating circuit 14, high frequency sub-

band power estimating circuit 15, high frequency signal
generating circuit 16, high-pass filter 17, and signal
adding unit 18,

(0088}

The low-pass filter 11 filters the input signal with a
predetermined cutoff freguency, and supplies the low
frequency signal components which are signal components of a
low frequency to the delay c¢ircuit 12 as a post—filﬁering
signal.

[00B9]

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

{0050}

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

signal generating circuit le6.



[0116] Note that according to the present embodiment, each of the passbands of the bandpass
filters 13-1 through 13-4 are described as being a predetermined four out of the 16 sub-bands
obtained by dividing the Nyquist frequency of the input signal into 16 equal parts, but unrestricted to
this, the passbands may be a predetermined four out of 256 sub-bands obtained by dividing the
Nyquist frequency of the input signal into 256 equal parts. Also, the bandwidth of each of the bandpass
filters 13-1 through 13-4 may each be - 48 - SP248477 different. [0117] [Details of Processing by
Feature Amount Calculating Circuit] ~ Next, details of the processing by the feature amount
calculating circuit 14 in step S4 of the flowchartinFig-4 will be described. [0118]  The feature
amount calculating circuit 14 uses at least one of the multiple sub-band signals &paythe;handpass

[0091]

The feature amount calculating circuit 14 uses at least
one of multiple sub-band signals from the bandpass filter 13
and the input signal to calculate one or nmultiple feature
amounts, and supplies this to the high freguency sub-band
power estimating circuit 15. Now, the feature amount is
information indicating a signal feature of the input signal.
[G092]

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

[0CS3]

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

[0084]

The high-pass filter 17 filters the high frequency



filter 13 and the input signal, and calculates one or multiple feature amounts that the high frequency
sub-band power estimating circuit 15 uses for calculating the high frequency sub-band power
estimating values. [0119]  More specifically, the feature amount calculating circuit 14 calculates, as
feature amounts, the power of the sub-band signal (sub-band power (hereafter, also called low
frequency sub-band power)) for each sub-band, from the four sub-band signals from the bandpass
filter 13, and supplies these to the high frequency sub-band power estimating circuit 15. [0120] That is
to say, the feature amount calculating circuit 14 finds a low frequency sub-band power in a certain -
49 - SP248477 predetermined time frame, called ppwer (ib,J), from the four sub-band signals x(ib,n)
supplied from the bandpass filter 13, with Expression (1) below. Here, ib representsahesub-band
index and n represents the dispersion time index. Note that the sample size of one frame is FSIZE and
the power isexpeessearpdtaeathelsFiRdhe high frequency signal generating

circuit 16 with a cutoff frequency corresponding to the
cutoff frequency in the low-pass filter 11, and supplies
this to the signal adding unit 18.

[0095]

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

[0096]

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

[G097]

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

[0098]
[Frequency Band Extending Preocessing of Freguency Band
Extending Device]

Next, the frequency band extending processing with the



[Expression 1] (J+1)FSIZE-1 power ( b, J) =10 log10{(x( ib, n) 2 ) /HE 1} n=J*FSIZE (sb-3<ib<sb)
[0122]  Thus, the low frequency sub-band power, power (ib,J), found with the feature amount
calculating circuit 14, is supplied as a feature amount to the high frequency sub-band power estimating
circuit 15. [0123] [Details of Processing with High frequency Sub-Band Power Estimating Circuit]

Next, details of the processing with the high frequency sub-band power estimating circuit 15 in step S5
of the flowchart in Fig. 4 will be described. [0124]

- 43 -
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frequency band extending device in Fig. 3 will be described
with reference to the flowchart in Fig. 4.
[C089]

In step S1, the low-pass filter 11 filters the input
signal with a predetermined cutoff frequency, and supplies
the low frequency signal component serving as a post-
filtering signal to the delay circuit 12.

[G100]

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

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

[0102]



-50-SP248477  The high frequency sub-band power estimating circuit 15 calculates the estimated
value of the sub-band power (high frequency sub-band power) of the band to be extended (frequency
extending band) beyond the sub-band of which the index is sb+1 (extension starting band), based on
the four sub-band powers supplied from the feature amount calculating circuit 14. [0125] Thatis to
say, if we say that the sub-band index of the highest band of the frequency extending band is eb, the
high frequency sub-band power estimating circuit 15 estimates (eb-sb) numbers of the sub-band
powers for the sub-bands wherein the index is sb+1 through eb. [0126]  The estimating value of the
sub-band power in the frequency extending band yherein the index is ib, powerest(ib,J), uses the four
sub-band powers, power(ib,j), supplied from the feature amount calculating circgit24gand can be
expressed with Expression (2) below, for example. [0127] [Expression 2] sb POWerest ( b,=I fAib ( kb)
POWer (kb, J)} +Bih kibsep-32, the delay circuit 12 delays the low

frequency signal components from the low-pass filter 11 by
just a certain amount of delay time, and supplies this to
the signal adding unit 1iB8.
10103]

In step $3, the bandpass filter 13 (bandpass filters
13-1 through 13-N) divides the input signal into multiple
sub-band signals, and supplies each of the post-dividing
multiple sub-band signals to a feature amount calculating
circuit 14 and high frequency signal generating circuit 16.
Note that details of the processing to divide the input
signal with the bandpass filter 13 will be described later.
[01043

In step 54, the feature amount calculating circuit 14
uses at least one of multiple sub-band signals from the
bandpass filter 13 and the input signal to calculate one or
multiple feature amounts, and supplies this to the high
frequency sub-band power estimating circuit 15. Note that
the details of the processing to calculate the feature
amount with the feature amount calculating circuit 14 will
be described later.
01053

In step 85, the high freguency sub-band power
estimating circuit 15 calculates estimated values of the

multiple high fregquency sub-band powers, based on the cne or



(J*FSIZE, n < (J+1) FSIZE-1, sb+1 <ib<eb) -51-SP248477[0128] Now, in Expression (2), the
coefficients Am(kb) and Bib are coefficients having values that differ for each sub-band ib. The
coefficients Am(kb) and Bab are coefficients set appropriately so that favorable values can be obtained
as to various input signals. Also, the coefficients Am(kb) and Bib are changed to optimal values by the
change of the sub-band sb. Note that yielding of the coefficients Am(kb) and Bib will be described
later. [0129]  In Expression (2), the high frequency sub-band power estimating values are calculated
with a linear combination using the power for each of multiple sub-band signals from the bandpass
filter 13, but the arrangement is not restricted to thjs, and for example, calculation may be performed
using linear combination of multiple low frequency Sub-band powers of several f Jagore and after
a time frame J, or using non-linear functions. [0130]  Thus, the high frequency sub-band power
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circuit 14, and supplies these to the high freguency signal
generating circuit 16. Note that details of the processing
to calculate the estimated values of the high frequency sub-
band pecwers with the high frequency sub-band power
estimating circuit 15 will be described later,.

[0106]

In step 86, the high frequency signal generating
circuit 16 generates high frequency signal components, based
on the multiple sub-band signals from the bandpass filter 13
and the estimated values of the multiple high frequency sub-
band power from the high frequency sub-band powér-estimating
circuit 15, and supplies these to the high-pass filter 17.
The high freguency signal components here are signal
components of a higher band than the extension starting band.
Note that details of the processing to generate the high
frequency signal components with the high frequency signal
generating circuit 16 will be described later.

[6107]

In step 87, the high-pass filter 17 filters the high
frequency signal compenents from the high freguency signal
generating circuit 16, thereby removing noise from repeating
components tc the low freguency included in the high
freguency signal components, and the like, and supplies the

high frequency signal compcnents to the signal adding unit



[0131] [Details of Processing by High frequency Signal Generating - 52 - SP248477 Circuit] Next,
details of processing by the high frequency signal generating circuit 16 in step S6 of the flowchart in
Fig. 4 will be described. [0132] The high frequency signal generating circuit 16 calculates a low
frequency sub-band power, power(ib,J), of each sub-band from the multiple sub-band signals supplied
from the bandpass filter 13, based on Expression (1) described above. The high frequency signal
generating circuit 16 uses the calculated multiple low frequency sub-band powers, power(ib,J), and the
high frequency sub-band power estimated values, powerest(ib,J), which are calculated based on the
above-described Expression (2) by the high frequegcy sub-band power estimating circuit 15 to find a
gain amount G(ib,J), according to Expression (3) below. [0133] [Expression 3] G{rizdxs) 7 10
{(powe(ib,J)-power(sbnap(ib),J))./20) (J*FSIZE<(J+1 ) FSIZE-1, sb+1 < i b<eb)

18.

[0108]

In step S8, the signal adding unit 18 adds the low
frequency signal components from the delay circuit 12 and
the high freguency signal components from the high-pass
filter 17, and ocutputs this as an output signal.
f0159]

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

{02101

Next, details of the processing for each of the steps
S3 through 86 in the flowchart in Fig. 4 will be described.
{0111
[Details of Processing by Bandpass Filter]

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

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

[0113]

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

of the 16 sub-bands, each of 4 sub-bands of a band lower



[0134] Now, in Expression (3), sbmap(ib) represents a sub-band index of an image source in the
case that the sub-band ib is - 53 - SP248477 the sub-band of an image destination, and is expressed
in Expression (4) below. [0135] [Expression 4] sbmap( ib) = ib-4INT ib-iisb-1 +1 (sb+1.ib<eb) [0136]
Note that in Expression (4), INT(a) is a function to round down below the decimal point of a value a.
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than the extension starting band are set as passbands of the
bandpass filters 13-1 through 13-4, respectively.
f0114]

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

[0115]

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

[0116]

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

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



[0137]  Next, the high frequency signal generating circuit 16 calculates a post-gain-adjustment
sub-band signal x2(ib,n), by multiplying gain amount G(ib,J) found with Expression (3) by the output of
the bandpass filter 13, using Expression (5) below. [0138] [Expression 5] x2( b, n) = G ( Ib, J) x
(sbmap (Ib). n) (J*FSIZE_<_n_(J+1) FSIZE-1,b_<_eb) [0139] Further, the high frequency signal
generating circuit - 54 - SP248477 16 calculates, using Expression (6) below, a post-gainadjustment
sub-band signal x3(ib,n) that has been subjected to cosine transform, from the post-gain-adjustment
sub-band signal x2(ib,n), by performing cosine adjustment to the frequency corresponding to a
frequency on the upper end of the sub-band havinggan index of sb, from a frequency corresponding to
a frequency on the lower end of the sub-band having an index of sb-3. [0140] sp24g5477

different.

f0117]

[Details of Processing by Feature Amcunt Calculating
Circuit]

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

[0118]

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

{0119}

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

[0120Q]
That is to say, the feature amount calculating circuit

14 finds a low freguency sub-band power in a certain



[Expression 6] x3( ib, n) = x2( ib, n)*2cos(n)*f40b+1) 7r/32J (sb+1 [0141]  Note that in Expression
(6), represents the circumference ratio. Expression (6) herein means that the post-gain-adjustment
sub-band signal x2(ib,n) is shifted toward the high frequency side frequency, by four bands worth
each. [0142] The high frequency signal generating circuit 16 then calculates high frequency signal
components xhigh(n) from the post-gain-adjustment sub-band signal x3(ib,n) shifted toward the high
frequency side, with the Expression (7) below. - 55 - SP248477 [0143] [Expression 7] eb
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predetermined time frame, called power (ibk,J), from the four
sub-band signals x(ib,n) supplied from the bandpass filter
13, with Expressicn (1} below. Here, ib represents the sub-
band index and n represents the dispersion time index. Note
that the sample size of one frame is FSIZE and the power is
expressed in decibels.

[0121]

[Expression 1)

(J+1)ESIZE-1

power (ib, J) =10 log10 >  x(ib,n2 ) FSIZE
n=J«FSIZE

(sh—3<ib<sh)

[0122]

Thus, the low fregquency sub-band power, power (ibk,J},
foundrwith the feature amount calculating circuit 14, is
supplied as a feature amount to the high freguency sub-band
power estimating circuit 15.

[0223]
[Details of Processing with High frequency Sub-Band Power
Estimating Circuit]

Next, details of the processing with the high frequency
sub-band power estimating circuit 15 in step 85 of the
flowchart in Fig. 4 will be described.

[0124)



Xhigh(fl) =1 x3(ib, n) i b=sb +1 (7) [0144] Thus, high frequency signal components are generated
by the high frequency signal generating circuit 16, based on the four low frequency sub-band powers
calculated based on the four sub-band signals from the bandpass filter 13, and on the high frequency
sub-band power estimated value from the high frequency sub-band power estimating circuit 15, and
are supplied to the high-pass filter 17. [0145] According to the above processing, as to an input
signal obtained after decoding of the encoded data by a high frequency deleting encoding method,
using the low frequency sub-band power calculated from multiple sub-band signals as the feature
amount, based on this and an appropriately set-caeffieient, a high frequency sub-band power
estimated value is calculated, and high frequency signal components are appropgatetyd generated from
the low frequency sub-band power and high frequency sub-band power estimated value, whereby the
frequency extendifigdanthsulitEandepowes carieneastimated withhigh precistorsahe maisic signals
can be -56 - SP248477 played with higher sound quali% [0146]

calculates the estimated value of the sub-band pewer (high

frequency sub-band power) of the band %o be extended

(frequency extending band) beyond the sub-band of which the

index is sb+l (extension starting band), based on the four

sub-band powers supplied from the feature amcunt calculating

circuit 14.

[0125]

That is to say, if we say that the sub-band index of

the highest band of the frequency extending band is eb, the

high frequency sub-band power estimating circuit 15

estimates (eb-sb) numbers of the sub-band powers for the

sub~bands wherein the index is sb+l through eb.

[0126]

The estimating value of the sub-band power in the

fregquency extending band wherein the index is ib,

pOWerest (ib,J}, uses the four sub-band powers, power{ib,i),

supplied from the feature amount calculating circuit 14, and

can be expressed with Expression (2) below, for example.

[0127]

[Expression 2]

sh
power .. (ib, J) =( bZ {A;, (kb) power (kb, -J)}>+Bib
kb=sb—3
(JAFSIZE<n < (J+1) FSIZE—1, sh+1<ib<eb)

L (2)



Descriptions have been given above of an example wherein the feature amount calculating circuit 14
calculates only the low frequency sub-band power calculated from the multiple sub-band signals as the
feature amount, but in this case, depending on the type of input signal, the sub-band power of the
frequency extending band may not be able to be estimated with high precision. [0147]  Thus, the
feature amount calculating circuit 14 calculates a feature amount having a strong correlation with the
form of the frequency extending band sub-band power (form of high frequency power spectrum),
whereby estimating the frequency extending band sub-band power at the high frequency sub-band
power estimating circuit 15 can be performed withgiigher precision. [0148] [Other Example of Feature
Amount Calculated by Feature Amount Calculating Circuit] ~ Fig. 6 shows, withsgegayg-te a certain
input signal, an example of a frequency feature in a vocal segment which is a segment wherein the
vocal takes yp gplgrge portion thereof, and a high frequency power spectrum obtained by calculating
the low frequency sub-band power solely as a feature amount - 57 - SP248477 to estimate the high
frequency sub-bantbpewen. D246} ssiks shdwn inHeige 6¢ inftheifregquerqy fRaturerid Bypcal segment,
the estimated high frequency power spectrum is )

are~coefricieénts having values that differ for each sub-band

ib. The coefficients A;p(kb) and B:, are coefficients set

appropriately so that favorable values can be obtained as to

various input signals. Also, the coefficients Ay (kb) and Biy

are changed to optimal values by the change of the sub-band

sb. Note that yielding of the ceoefficients A:;r(kb} and By,

will be described later,

[(0129]

In Expression (2), the high freguency sub-band power

estimating values are calculated with a linear combination

using the power for each of multiple sub-band signals from

the bandpass filter 13, but the arrangement is not

restricted to this, and for example, calculation may be

performed using linear combination of multiple low frequency

sub-band powers of several frames before and after a time

frame J, or using non-linear functions.

[0130]

Thus, the high frequency sub-band power estimating
values calculated with the high frequency sub-band power
estimating circuit 15 is supplied to the high freguency

signal generating circuit 16.

[G131]

[Details of Processing by High freguency Signal Generating



often positioned higher than the high frequency power spectrum of the original signal. Discomfort of a
singing voice of a person is readily sensed by the human ear, so the high frequency sub-band power
estimating needs to be particularly precisely performed in a vocal segment. [0150]  Also, as shown
in Fig. 6, in the frequency feature in a vocal segment, one large recess is often seen between 4.9 kHz
and 11.025 kHz. [0151] Now, an example will be described below of an example to apply the degree of
recess between 4.9 kHz and 11.025 kHz in the frequency region, serving as the feature amount used
to estimate the high frequency sub-band power in a vocal segment. Note that the feature amount that
indicates the degree of recess will hereafter be-cdlled-dip. [0152] A calculation example of the dip,
dip(J), in time frame J will be described below. [0153] First, 2048-point FFT (FasttRd@rAg7Transform) is

Circuit]

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

[0132]

The high freguency signal generating circuit 16
calculates a low frequency sub-band power, power{ib,J), of
each sub-band from the multiple sub-band signals supplied
from the bandpass filter 13, based on Expression (1)
described above. The high frequency signal generating
circuit 16 uses the calculated multiple low frequency sub-
band powers, power{ib,J), and the high frequency sub-band
power estimated values, powerest({ib,J), which are calculated
based on the above-described Expression (2) by the high
freguency sub-band power estimating circuit 15 to find a
gain amount G{ib,J), according to Expression (3) belcw,
f0133]

[Expression 3]

G(ib. J) = I0{{pmmerest(Eb.d)w-{mm\r&r(sb,m,i,(ib).ui))/:ai}]

(JKFSIZESn< (J+1) FSIZE~1, sh+1< ib<eb)
ce s (3)

10134]
Now, in Expression (3), sbnap(ib) represents a sub-band

index of an image source in the case that the sub-band ib is



- 58 - SP248477 performed as to signals in 2048 sample segments included in a range of several
frames before and after, including time frame J, of the input signal, and coefficients on the frequency
axis are calculated. A power spectrum is obtained by performing db transform on the absolute values
of the various calculated coefficients. [0154]  Fig. 7 shows an example of a power spectrum
obtained as described above. Now, in order to remove fine components of the power spectrum,
liftering processing is performed so as to remove components that are 1.3 kHz or less, for example.
According to the liftering processing, the various dimensions of the power spectrum are viewed as
time-series, and filtering processing is performed &y applying a low-pass filter, thereby smoothing the
fine components of the spectrum peak. [0155]  Fig. 8 shows an example of agmer4sprectrum of a
postliftering input signal. In the post-liftering power spectrum in Fig. 8, the difference between the

minimum value anebraxiauPvalie efihe prwer spectaHY included iaganga-eonagspondingto 4.9
kHz to 11.025 kHz is set as the dip, dip(J). [0156] Thus, a feature amount having a feature amount that
is - 59 - SPE¥BygFsion (4) below.

[0135]

[Expression 4]

Sbyap (D) = ib—4TNT (i‘lf%:iﬂ)

(sb+1<ib<eb)
(4)

[0136]

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

[0137]

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

[0138]

[Expression 5]
x2(ib, n) =G(ib, J) x (sbyg, (ib), n)
(JHFSIZESn < (J+1) FSIZE—1, sb+1<ib<eh)
(5)

[0139]

Further, the high fregquency signal generating circuit



strongly correlated with the sub-band power of a frequency extending band is calculated. Note that the
calculation example of dip dip(J) is not restricted to the above-described example, and may use
another method. [0157]  Next, another example of calculating a feature amount having a strong
correlation with the sub-band power of a frequency extending band will be described. [0158] [Yet
Another Example of a Feature Amount Calculated with Feature Amount Calculating Circuit]  For a
frequency feature of an attack segment, which is a segment including an attack-type music signal, the
high frequency side power spectrum is often approximately flat in a certain input signal, as described
with reference to Fig. 2. With the method to caleulate solely the low frequency sub-band power as the
feature amount, the frequency extending band sub-band power is estimated witlz@utagsing the feature
amount showing a temporal variation unique to the input signal that includes the attack segment, so
estimating ahéaprrbximateds flatkegueasy extending bandsul-hand payer-sichas seen in an attack
segment, with high precision, is difficult. [0159] Thus, an example of applying a low frequency
sub-band _@61Q§§§&g§7?ub—band signal x3{ib,n) that has been subjected

to cosine transform, from the post-gain-adjustment sub-band

signal x2(ib,n), by performing cosine adjustment to the

frequency corresponding to a freguency on the upper end of

the sub-band having an index of sb, from a freguency

corresponding tec a fregquency on the lower end of the sub-

band having an index of sb-3.

{0140]

[Expression 6]
x3 (ib, n) = x2(ib, n)*2cos(n)*{4(ib+1) 732}
(sb+1<ib<eb)

(6)

[0141]

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

[0142]

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

the high frequency side, with the Expression (7) below.



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

[0143]

[Expression 7]
eb

xhigh(n) = Z x3(§b,n)
ib=sb+1 ,
(7)
[0144]

Thus, high frequency signal components are generated by
the high fregquency signal generating circuit 1§, based on
the four low frequency sub-band powers calculated based on
the four sub-band signals from the bandpass filter 13, and
on the high freguency sub-band power estimated value from
the high fregquency sub-band power estimating cireuit 15, and
are supplied to the high-pass filter 17.

[0143]

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

estimated with high precision, and music signals can be



- 61 - SP248477 [0163] Also, comparing a statistically average power spectrum shown in Fig. 1
and a power spectrum in an attack segment (attack-type musical signal) shown in Fig. 2, the power
spectrum in the attack segment rises to the right in a medium frequency. This sort of frequency feature
is often shown in attack segments. [0164] Now, an example of applying a slope in the medium
frequency will be described below, as a feature amount used to estimate the high frequency sut_)-bfalnd
power in an attack segment. [0165] The slope, slope(J), in the medium frequency of a certain time
frame J is obtained with Expression (9) below, for example. [0166] [Expression 1] sb(J+1 ) FSIZE-1
- 56 —
SP248477

played with higher sound quality.
[0146]

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

[0147]

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

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

Fig. 6 shows, with regard to a certain input signal, an
example of a frequency feature in a vocal segment which is a
segment wherein the vocal takes up a large portion thereof,
and a high frequency power spectrum obtained by calculating

the low frequency sub-band power solely as a feature amount



slope (J) =0V(ib)*x(ib, n)2)} ib=sb-3 n=J*FSIZE sb(J+1)FSIZE-1 /I(x( ib, n)2) b=sb-3 n=J*FSIZE (9) -
62 - SP248477  In Expression (9), the coefficient w(ib) is a weighted coefficient that is adjusted to
be weighted by the high frequency sub-band power. According to Expression (9), the slope(J)
expresses the ratio between the sum of the four low frequency sub-band powers weighted by the high
frequency and the sum of the four low frequency sub-band powers. For example, in the case that the
four low frequency sub-band powers become a power corresponding to a medium frequency
sub-band, the slope(J) takes a greater value when the medium frequency power spectrum rises to the
right, and a smaller value when falling to the rights[0168]  Also, in many cases the m_edium
frequency slope varies widely before and after an attack segment, whereby the slopgitemporal
variation, sloped(J), expressed with Expression

to estimate the high frequency sub-band power.
[0149]

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

[0150]

Also, as shown in Fig. 6, in the frequency feature in a
vocal segment, one large recess is often seen between 4.9
kHz and 11.025 kEz.

[0151]

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

[0152]

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

{0153]

First, 2048-point FFT (Fast Fourier Transform) is



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

- 58 -
Sp248477

performed as to signals in 2048 sample segments included in
a range of several frames before and after, including time
frame J, of the input signal, and coefficients con the
frequency axis are calculated. A power spectrum is obtained
by performing db transform on the absolute values cof the
varicus calculated coefficients.

[0154]

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

[0155]

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

[0156]

Thus, a feature amount having a feature amount that is



(J*FSIZEn(J+1) FSIZE-1) [0172] According to the method above, a feature amount having a strong
correlation with the frequency extending band sub-band power is calculated, so by using these,
estimation of the frequency extending band sub-band power with the high frequency sub-band power
estimating circuit 15 can be performed with higher precision. [0173]  An example to calculate a
feature amount having a strong correlation with the frequency extending band sub-band power is
described above, but an example of estimating a high frequency sub-band power using the feature
amount thus calculated will be described below. [0174] [Details of Processing with High Frequency
Sub-Band Power - 64 - SP248477 Estimating Cirgyit].

SP248477
strongly correlated with the sub-band power of a freguency
extending band is calculated. DNcte that the calculation
example of dip dip(J) is not restricted to the above-
described example, and may use another method.

[0157]

Hext, another example of calculating a feature amocunt
having a strong correlation with the sub-band power of a
freguency extending band will be described.
f0158]

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

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

[0159]

Thus, an example of applying a low freguency sub-band



Now, an example of estimating the high frequency sub-band power, using the dip described with
reference to Fig. 8 and the low frequency sub-band power as the feature amounts, will be described.
[0175] Thatis to say, in step 34 in the flowchart in Fig. 4, the feature amount calculating circuit 14
calculates a low frequency sub-band power and dip as feature amounts for each sub-band, from the
four sub-band signals from the bandpass filter 13, and supplies these to the high frequency sub-band
power estimating circuit 15. [0176] In step 35, the high frequency sub-band power estimating circuit 15
calculates an estimating value of the high frequency sub-band power, based on the four low frequency
sub-band powers from the feature amount calculagimg-circuit 14 and the dip. [0177]  Now, with the
sub-band power and dip, since the range (scale) of the values that can be takersaiffes,athe high
frequency sub-band power estimating circuit 15 performs transform of the dip values as shown below,
for examplep 3] ddeobighl frequeney. suband pogwes estimadingraircuitcls - 8&ed in

the estimation of high frequency sub-band power in an attack
segment will be described below.
[0160]

The temporal variation powers{J) of the low frequency
sub-band power in a certain time frame J is found with
Expression (8) below, for example.

[0lel]

[Expression 8]

sb (J+HESIZE-T

powery(J) = X > (x(ib,m?)
ib=sb~3  n=J4FSIZE
sb JHFSIZE-1
2 > (x(ib,m?)

ib=sb—3 n=@Q-1)FSIZE
(8)

[0162]

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

signal included in time frame J.



SP248477 calculates the maximum frequency sub-band power of the four low frequency sub-band
powers, and the dip values, for a large number of input signals beforehand, and finds average values
and standard deviations for each. Now, the average value of the sub-band powers is represented by
powers", the standard deviation of the sub-band powers as powerstd, the average value of the dips as
din - ave and the standard deviation of the dips as dipfld. [0179]
The high frequency sub-band power estimating circuit 15 transforms the dip value dip(J) as shown in
Expression (12) below, using these values, and obtains a post-transform dip, dips(J). [0180]
[Expression 12] dip(J) -diPave dips(J) :powers_hrggouwersve dipstd (1 2)[0181]

SP248477
[0163]

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

[0164]

Now, an example cf applying 2 slope in the medium
frequency will be described below, as a feature amount used
to estimate the high freguency sub-band power in an attack
segment,

[0165]

The slcope, slope(J), in the medium fregquency of a
certain time frame J is obtained with Expression (%) below,
for example.

[0166]

[Expressioh 1]

sb {(J+1)FSIZE-1

slope(J) = Y > (W(ib)*x (ib, M%)}
ib=sh-3  n=JHFSIZE

sb (J+1FSIZE-1

(x(ib, n)?)
ib=sh=3 n=J#FSI7F

e (9)

[Cle7]



By performing the transform shown in Expression (12), the high frequency sub-band power estimating
circuit 15 can transform the dip value dip(J) into variables (dips) dips(J) equivalent to the statistical
average and dispersion of the low frequency sub-band powers, and can cause the range of values that
can be taken of the dips to be approximately the - 66 - SP248477 same as the range of values that
can be taken of the sub-band powers. [0182] An estimated value powerest (ib,J)of the sub-band
power having an index of Ib in the frequency extending band is expressed with Expression (13) below,
for example, using a linear combination of the four low frequency sub-band powers, power(ib,J), from
the feature amount calculating circuit 14 and the djps,.dips(J), shown in Expression (12). [0183]
[Expression 13] powerest ( b, J) =I Nib (kb) power (kb, J)1)+Dibdi Ps (J)-FEib klazshrd {I*FSIZE<n_
(J+1) FSIZE-1, sb+1 < | b<eb) (13)

In Expression (9}, the coefficient w{ib) is a weighted
coefficient that is adjusted to be weighted by the high
frequency sub-band power. According to Expression (9), the
slope (J) expresses the ratic between the sum of the four low
frequency sub-band powers weighted by the high frequency and
the sum of the four low frequency sub-band powers. F¥For
exampie, in the case that the four low frequency sub-band
powers become a power corresponding to a medium frequency
sub-kand, the slope(J) takes a greater value when the medium
freguency power spectrum rises to the right, and a smaller
value when falling to the right.

[01e8]

Also, in many cases the medium frequency slope varies
widely before and after an attack segment, whereby the slope
temporal variation, slopeg(J), expressed with Expression
{10) below may be set as the feature amount used to estimate
the high freguency sub-band power of an attack segment.
[0169]

[Expression 10]
slopey(J) = slope(J) ~slope(J-1)
(JRFSIZE<n< (J+1) FSIZE-1).
< (10)

[0170]

Also, similarly, the temporal variation, dipg(J), of the



[0184] Now, in Expression (13), the coefficients Cth(kb), Dth, and Eth are coefficients having
values that differ for each sub-band Ib. The coefficients Cth(kb), Dth, and Eth are coefficients
appropriately set so that favorable values can be obtained as to various input signals. Also, depending
on the variation of the sub-band sb, the coefficients Cth(kb), Dth, and Eth can also be varied to be
optimal values. Note that yielding the coefficients Cth(kb), Dth, and Eth will be - 67 - SP248477
described later. [0185]  In Expression (13), the high frequency sub-band power estimating value is
calculated with a linear combination, but unrestricted to this, may be calculated using a linear
combination of multiple feature amounts of severg)frames before and after the time frame J, or may
be calculated using a non-linear function, for example. [0186]  According to the-prgressing above,
the dip value unique to the vocal segment is used as a feature amount in the estimation of the high

frequency subdiancipewer naRershy, thes presjsion af high kgquaney. subang, peyer estimating of the
vocal segment can be improved, as compared to the case wherein solely the low frequency sub-band
power is theffgzrgresamount, land Biscopsfoserteatily Sensédanithe lkamviantears eehitle is generated by a

high frequency,_power spectrum beipg estimated tq be greater than the high frequency power spectrum
of the origing%%nﬁ%ﬁ?vit Efﬁeiﬁ{rﬁ o%%av 8 &Cr:rysﬁé%/"t ‘gr}gwlzf?é”é&lfen‘%/ Su%-%%%%lcﬁe‘ower is the feature
amount, is redggedrwhereby music signals can be played with greater sound quality. [0187] Now,
regarding the dips (degree of recess in a vocal segment frequency feature) calculated as feature
amounts  [01711

[Expression 11]
dipg(J) = dip(J) =dip(J—=1)
(JMFSIZE<n< (J+1) FSIZE-1)
(11)

[0172]

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

[0173]

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

[0174]

[Details of Processing with High Freguency Sub-Band Power



- 68 - SP248477 with the above-described method, in the case that the number of sub-band divisions
is 16, frequency resolution is low, so the degree of recess herein cannot be expressed solely with the
low frequency sub-band power. [0188]  Now, by increasing the number of sub-band divisions (e.g.
by 16 times, which is 256 divisions), increasing the number of band divisions with the bandpass filter
13 (e.g. by 16 times, which is 64), and increasing the number of low frequency sub-band powers (e.g.
by 16 times, which is 64) calculated with the feature amount calculating circuit 14, frequency resolution
can be improved, and the degree of recessing herein can be expressed solely with the low frequency
sub-band power. [0189] Thus, it can be thou_gh&he_lt a high frequency sub-band power can be
estimated with approximately the same precision as estimation of a high frequeg%ﬁ Q nd power
using the above-described dip as a feature amount, using solely the low frequency sub-band power.
[0190]  Hoyye \&g{agxrilncrga?inlgi h]e number of sub-band divisions, number of band divisions, and
number of low frequency sub-band powers, the amount of calculations increase. If we consider that

high frequency sultdignd:poweseande-esiReled 569 -the high frequency sub-
band power, using the dip described with reference to Fig. 8
and the low frequency sub-band power as the feature amounts,
will be described.
[0175]

That is to say, in step S4 in the flowchart in Fig. 4,
the feature amount calculating circuit 14 calculates a low
frequency sub-band power and dip as feature amounts for each
sub-band, from the four sub-band signals from the bandpass
filter 13, and supplies these to the high freguency sub-band
power estimating circuit 15. |
[0176]

In step S5, the high frequency sub-band power
estimating circuit 15 calculates an estimating value of the
high freguency sub-band power, based on the four low
frequency sub-band powers from the feature amount
calculating circuit 14 and the dip.

[0177]

Now, with the sub-band power and dip, since the range
(scale) of the values that can be taken differ, the high
freguency sub-band power estimating circuit 15 performs
transform of the dip values as shown below, for example.
[0178]

The high frequency sub-band power estimating circuit 15



SP248477 with similar precision for either method, the method that does not increase the number of
sub-band divisions and that uses the dip as a feature amount to estimate the high frequency sub-band
power is more efficient from the perspective of calculation amounts. [0191]  The description above
has been given about a method to estimate a high frequency sub-band power using the dip and the
low frequency sub-band power, but the feature amount used in the estimation of a high frequency
sub-band power is not restricted to this combination, and one or multiple of the above-described
feature amounts (low frequency sub-band power, dip, low frequency sub-band power temporal
variation, slope, temporal variation of slope, and temporal variation of dip), may be used. Thus,
precision of estimating the high frequency sub-band power can be further improvegl4 fa92]  Also, as
described above, in an input signal, by using parameters unique to a segment wherein estimation of
the high frequarey aub-barttkpawet is:difffaudtas tae fealtre ambyiwseddor gséinfadion of the high
frequency sub-band power, the estimation precision of the segment thereof can be improved. For
example, lon edd@RAPEGE- TR BoREr Bsiipofal vithtionesbbe, Yérhperal Viftatin of slope, and
temporal vayiafin of giparepAGlers LRIQUG 10,1, 10, 82484 7Zallack seyment., and by using
these parameters as feature amouﬁts, the &stimation precision of the hlgjh requency%ub-band power
in the attack-segeeni cansie itaptayesk 10:%3lon s Noje thaldn thenease ehpedosningestimation of the
high frequency sub-band power using the feature amount other than the low frequency sub-band

powerand(mﬁ}ﬁé.ﬁﬁnﬁhe sub-band powers is represented by poweraw, the

standard deviaticn of the sub-band powers as powergqg, the
average value of the dips as dipave, @and the standard
deviation ¢f the dips as dipsts.
[0179]

The high frequency sub-band power estimating circuit 15
transforms the dip wvalue dip{(J} as shown in Expression (12)
belcw, using these wvalues, and cbtains a post~transform dip,
dips (J).
[0180}

[Expression 12]

_ dip(J) —dip,e

dipg(J) diPore

DOWET g1 q+POWET 50

- (12)
[0181]

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

values that can be taken of the dips to ke approximately the



low frequency sub-band power temporal variation, slope, temporal variation of slope, and temporal
variation of dip, the high frequency sub-band power can be estimated with the same method as
described above. [0194] Note that each of the calculating methods of the feature amounts shown here
are not restricted to the methods described above, and that other methods may be used. [0195]
[Method of Finding Coefficients Cib(kb), Dlb, EJAD]  Next, a method to find the coefficients Cbb(kb),
Dib, and Fib in Expression (13) above will be described. [0196] As a method to find the coefficients
C,b(kb), Dib, and Eib, a method is used whereby learning is performed beforehand with a teacher
signal having a wide band (hereafter called wide ls@nd teacher signal), so that, in estimating the
frequency extending band sub-band power, the - 71 - SP248477

same as the range of values thaf can be taken of the sub-~
band powers.
[0182]

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

[0183]

[Expression 13]

sb

power . (ib, J) = (kb Zb 3{Cib(kb) power (kb, J)})+Dibdi;)s(J)+Eib
=g~

(JHFSIZESn<(J+1) FSIZE—1, sh+1<ib<eb)

- (13)

[0184)]

Now, in Expression (13), the coefficients Ciy(kb}, Din,
and Eiy are coefficients having values that differ for each
sub-band ib. The coefficients Ci,{kb), Dip, and Eiy are
coefficients appropriately set so that favcorable values can
be obtained as to various input signals. Also, depending on
the variaticn of the sub-band sb, the coefficients Cjy{kb),
Din, and Ejp can also be varied to be optimal values. Note

that yielding the coefficients Ci(kbk), Dip, and E:ip will be



SP248477 coefficients Cib(kb), Dib, Eih, can be favorable values as to various input signals, and can
be determined based on the learning results thereof. [0197]  In the event of performing learning of
the coefficients Cib(kb), Eib, and Eib, a coefficient learning device which positions a bandpass filter
having a passband width similar to the bandpass filters 13-1 through 13-4 described above with
reference to Fig. 5, with a higher frequency than the extension starting band, is used. Upon a wide
band teacher signal being input, the coefficient learning device performs learning. [0198] [Functional
Configuration Example of Coefficient Learning Device]  Fig. 9 shows a functional configuration
example of a coefficient learning device to performearning of the coefficients Cib(kb), Dib, and Eib
[0199]  With regard to the signal components of a frequency lower than the extgngiopstarting band
of the wide band teacher signal input to the coefficient learning device 20 in Fig. 9, it is favorable for a
band-restricted. input signal £hat is input into the frequency band extending device 10 in Fig. 3 to be a
signal encoded with the same - 72 - SP248477

[0185]

In Expression (13}, the high freguency sub-band power
estimating value is calculated with a linear combination,
but unrestricted to this, may be calculated using a linear
combination of multiple feature amounts of several frames
before and after the time frame J, or may be calculated
using a non-linear function, for example.
f018e]

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

[(0187]
Now, regarding the dips (degree of recess in a vocal

segment Ifrequency feature) calculated as feature amounts



format as the encoding format performed in the event of encoding. [0200]  The coefficient learning
device 20 is made up of a bandpass filter 21, high frequency sub-band power calculating circuit 22,
feature amount calculating circuit 23, and coefficient estimating circuit 24. [0201]  The bandpass
filter 21 is made up of bandpass filters 21-1 through 21-(K+N), each of which have different
passbands. The bandpass filter 21-i(1K+N) allows a predetermined passband signal of the input signal
to pass through, and supplies this as one of the multiple sub-band signals to the high frequency
sub-band power calculating circuit 22 or feature amount calculating circuit 23. Note that the bandpass
filters 21-1 through 21-K, of the bandpass filters 23g1 through 21-(K+N), allows signals of a frequency
higher than the extension starting band to pass through. [0202] The high frequepey sgibstzand power
calculating circuit 22 calculates the high frequency sub-band power for each sub-band for each certain

time frame as tmintipledugl feeguenayesub-band sjignalsdrm the bapdpassHiltes 2 and supplies
these to the coefficient estimating circuit 24. [0203] - 73 - SP248477  The feature amount

calculating Elfcuit23 eardlaiesis femtare amdunt igaisethe Barss asuhédrature l@mounbcalculated by
the feature %@ougt calculatijpgrcircu 4 of the frequency band extendin ice 10 n Fig. 3, for each
t Q

time frame that is the Same as ﬁ%aglér%g%rt%% f?g%réocalgﬁaﬁe}épfoﬁﬁg i§k$ ree]qﬁe‘%ic/ﬁub-band
power by therhigh dkeqeeasysubyband powyer galedlating circuit 22. That is to say, the feature amount
calculating circuit 23 uses at least one of the multiple sub-band signals from the bandpass filter 21 and
wide band té8éR&rsignal to calculate one or multiple feature amounts, and supplies this to the
Coeﬁkﬂentegﬂnaw%%?“ggtgééreasing the number of sub-band divisions

(e.g. by 16 times, which is 256 divisions), increasing the

number of band divisions with the bandpass filter 13 {(e.g.

by 16 times, which is 64}, and increasing the number of low

frequency sub-band powers (e.g. by 16 times, which is 64)

calculated with the feature amount calculating circuit 14,

frequency resolution can be improved, and the degree of

recessing herein can be expressed solely with the low

frequency sub-band power.

[0189]

Thus, it can be thought that a high frequency sub-band

power can be estimated with approximately the same precision

as estimation of a high frequency sub-band power using the

above-described dip as a feature amount, using solely the

low frequency sub-band power.

[0190]

However, by increasing the number of sub-band divisions,
number of band divisions, and number of low freguency sub-

band powers, the amount of calculations increase. If we

consider that high frequency sub-band power can be estimated



[0204]  The coefficient estimating circuit 24 estimates a coefficient used with the high frequency
sub-band power estimating circuit 15 of the frequency band extending device 10 in Fig. 3, based on
the high frequency sub-band power from the high frequency sub-band power calculating circuit 22 and
the feature amount from the feature amount calculating circuit 23 each certain time frame. [0205]
[Coefficient Learning Processing of Coefficient Learning Device]  Next, the coefficient learning
processing by the coefficient learning device in Fig. 9 will be described with - 74 - SP248477
reference to the flowchart in Fig. 10. [0206] In step Sll, the bandpass filter 21 divides the input
signal (wide band teacher signal) into (K+N) numbhgy of sub-band signals. The bandpass filters 21-1
through 21-K supply the multiple sub-band signals having a frequency higher thag g £xtension
starting band to the high frequency sub-band power calculating circuit 22. Also, the bandpass filter 21-

(K+1) through 2-(KN)supply dbe sultiple. sub-band,signals having 2 frequencylower than the

extension starting band to the feature amount calculating circuit 23.
does not increase the number of sub-band divisions and that

uses the dip as a feature amount tc estimate the high
frequency sub-band power is more efficient from the
perspective of calculation amounts.

[0191]

The description above has been given about a method to
estimate a high fxéquency sub-band power using the dip and
the low frequency sub-band power, but the feature amount
used in the estimation of a high frequency sub-~band power is
not restricted to this combination, and cne or multiple of
the above-described feature amounts {low freguency sub-band
powef, dip, low frequency sub-band power temporal variation,
slope, temporal variation of slcpe, and temporal wvariation
cf dip), may be used. Thus, precision of estimating the
high freguency sub-band power can be further improved.
[0192]

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

temporal variation of dip, are parameters unigue to the



[0207] In step S12, the high frequency sub-band power calculating circuit 22 calculates the high
frequency sub-band power, power(ib,J) for each sub-band, for each certain time frame, as to the
multiple high frequency sub-band signals from the bandpass filter 21 (bandpass filters 21-1 through
21-K). The high frequency sub-band power, power(ib,J), is found with Expression (1) described above.
The high frequency sub-band power calculating circuit 22 supplies the calculated high frequency
sub-band power to the coefficient estimating circuit 24. [0208]  In step S13, the feature amount
calculating circuit 23 calculates the feature amount for each time frame thatis - 75 - SP248477 the
same as the certain time frame calculated for the high frequency sub-band power by the high
frequency sub-band power calculating circuit 22. [0209]  Note that in the feature-arpgynt calculating
circuit 14 of the frequency band extending device 10 in Fig. 3, it is assumed that the four low frequency

caloulating Sy 53 of ot Ren b douce 20, e o G Eelow a6 calouiatg the
four low freguentytsyb-baadegzowerscand the i 02405 f the high frequency sub-

band power in the attack segment can be improved.

[0193]

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

(0194}

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

[0195]
[Method of Finding Coefficients Cip(kb}, Dip, Ein]

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

[0196]

As a method to find the coefficients Cin{kb), D:ip, and
Eip, & method is used whereby learning is performed
beforehand with a teacher signal having a wide band
{hereafter called wide band teacher signal}, so that, in

estimating the frequency extending band sub-band power, the



That is to say, the feature amount calculating circuit 23 uses four sub-band signals, each having the
same band as the four sub-band signals input in the feature amount calculating circuit 14 of the
frequency band extending device 10, from the bandpass filter 21 (bandpass filters 21- (K+1) through
21-(K+4), to calculate the four low frequency sub-band powers. Also, the feature amount calculating
circuit 23 calculates a dip from the wide band teacher signal, and calculates the dip, dips(J) based on
Expression (12) described above. The feature amount calculating circuit 23 supplies the calculated
four low frequency sub-band power and dip, dips(J), as feature amounts to the - 76 - SP248477
coefficient estimating circuit 24. [0211]  In step-514, the coefficient estimating circuit 24 performs
estimation of the coefficients Cm(kb), Dm, and Ethf based on multiple combinations,afsthe (eb-sb)
number of high frequency sub-band powers supplied to the same time frame from the high frequency

sub-band pewet galotlating elrcuitd2 and feature amaunt ealeulaging cirgyil 28 and pf the feature

amounts (four low frequency sub-band powers and dip dips(J)). For example, for one certain high
frequency subtiand themwoeffidigntéstimatidgaarcUite? 4 setsrfivienfehtbresamhoomts four low frequency
sub-band powers and the dip dips(J)) as explanatory variables, and the high frequency sub-band
power powertD -y d¥an BXpldifed Varadhe, and performs regression analysis using a least square
method, theyghygietermining the coefficients Cm(kb), Dm, and Em in Expression (13). [0212]  Note
that, as it goes without saying, the estimation method of the coefficients Cm(kb), Dib, and Ebb is not
restricted to the abovéideserbed méthod; andniagous typesref geherakparssieter idemtification
methods macy be used. [0213] o
in (Kb}, Diy, ahd Eip, a coefficient learning device which
positions a bandpass filter having a passband width similar
to the bandpass filters 13-1 through 13-4 described above
with reference to Fig. 5, with a higher frequency than the
extension starting band, is used. Upon a wide band teacher
signal being input, the coefficient learning device performs
learning.
[0198]
[Functional Configuration Example of Coefficient Learning
Device]
Fig. 9 shows a functiocnal configuration example of a
coefficient learning device to perform learning of the
coefficients Cip(kb), Dip, and Eiy.
[0199]
With regard to the signal components of a frequency
lower than the extension starting band of the wide band
teacher signal input to the coefficient learning device 20
in Fig. 9, it is favorable for a band-restricted input

signal that is input intec the frequency band extending

device 10 in Fig. 3 to be a signal encoded with the same



According to the processing described above, learning of coefficients used to estimate the high
frequency sub-band - 77 - SP248477 power is performed using a wide band teacher signal
beforehand, whereby favorable output results can be obtained as to various input signals input in the
frequency band extending device 10, and therefore, music signals can be played with greater sound
quality. [0214]  Note that the coefficients A,b(kb) and Bib in Expression (2) described above can

also be obtained with the coefficient learning method described above. [0215]

A coefficient learning

processing is described above, having the premise that in the high frequency sub-band power
estimating circuit 15 of the frequency band exte_nd% g device 10, each of the estimating values of the
high frequency sub-band powers are calculated with a linear combination of thegglégilé)x\ef{equency
sub-band powers and the dip. However, the high frequency sub-band power estimating method in the

high frequency, sy band awer,esmAlng it 15 Isgtiesticled g the gxampe described above,

and for example, the feature amount calculating circuit 14 may calcu

ate one or multiple feature

amounts othetdhdn:ihe dip (low frequency sub-band power temporal variation, slope, slope temporal
variation, and digp;[emporal variation) to calculate the high frequency sub-band power, or linear

combination5%t i]JItipIe feature amounts of the multiple frames before and

The coefficient learning device 20 is made up of a

bandpass filter 21, high frequency sub-band power

calculating circuit 22, feature amount calculating circuit

23, and coefficient estimating circuit 24.

[0201]

The bandpass filter 21 is made up of bandpass filters

21-1 through 21-(X+N), each of which have different

passbands. The bandpass filter 21-i (1£i<K+N) allows a

predetermined passband signal of the input signal to pass

through, and supplies this as one of the multiple sub-band

signals to the high frequency sub-band power calculating

circuit 22 or feature amount calculating circuit 23.

KNote

that the bandpass filters 21-1 through 21-K, of the bandpass

filters 21-1 through 21-(K+N), allows signals of a fregquency

higher than the extension starting band to pass through.

[0202]

The high frequency sub-bkand power calculating circuit

22 calculates the high frequency sub-band power for each

sub-band for each certain time frame as to multiple high

frequency sub-band signals from the bandpass filter 21, and

supplies these to the coefficient estimating circuit 24.

[0203]



- 78 - SP248477 after the time frame J may be used, or non-linear functions may be used. That is to
say, in coefficient learning processing, the coefficient estimating circuit 24 should be able to calculate
(learn) the coefficients, with similar conditions as the conditions for the feature amounts, time frames,
and functions used in the event of calculating the high frequency sub-band power with the high
frequency sub-band power estimating circuit 15 of the frequency band extending device 10. [0216] <2.
Second Embodiment>  With a second embodiment, encoding processing and decoding processing
is performed with a high frequency feature encoding method, with an encoding device and decoding
device. [0217] [Functional Configuration Example.of Encoding Device]  Fig. 11 shows a functional
configuration example of the encoding device to which the present invention is i 18] An
encoding device 30 is made up of a low-pass filter 31, low frequency encoding circuit 32, sub-band

O IR, sy S pover
feature amount that is the same as the feature amount
calculated by the feature amount calculating circuit 14 of
the frequency band extending device 10 in Fig. 3, for each
time frame that is the same as the certain time frame
calculated for the high fregquency sub-band power by the high
freguency sub-band power calculating circﬁit 22. That is to
say, the feature amount calculating circuit 23 uses at least
cne of the multiple sub-band signals from the bandpass
filter 21 and wide bkand teacher signal to calculate one or
multiple feature amounts, and supplies this to the
coefficient estimating circuit 24.

[0204]

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

Next, the coefficient learning processing by the

cocefficient learning device in Fig. 2 will be described with



- 79 - SP248477 36, high frequency encoding circuit 37, multiplexing circuit 38, and low frequency
decoding circuit 39. [0219]  The low-pass filter 31 filters the input signal with a predetermined cutoff
frequency, and supplies signals having a lower frequency than the cutoff frequency (hereafter called
low frequency signals) to the low frequency encoding circuit 32, sub-band dividing circuit 33, and
feature amount calculating circuit 34, as a post-filtering signal. [0220]  The low frequency encoding
circuit 32 encodes the low frequency signal from the low-pass filter 31, and supplies the low frequency
encoded data obtained as a result thereof to the multiplexing circuit 38 and low frequency decoding
circuit 39. [0221]  The sub-band dividing circuit33 divides the low frequency signal from the input
signal and low-pass filter 31 into equal multiple sub-band signals having a predejgpiieg;bandwidth,
and supply these to the feature amount calculating circuit 34 or pseudo high frequency sub-band

power differeage calcidating eleui 86, Marerspecificglly, the sub-band dividing circuit 33 supplies the
multiple sub-band signals obtained with low frequency signals as the input (hereafter called low

frequency sul§24€80 - SP248477
In step 811, the bandpass filter 21 divides the input

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

[0207]

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

[0208]
In step 813, the feature amcunt calculating circuit 23

calculates the feature amount for each time frame that is



band signals) to the feature amount calculating circuit 34. Also, the sub-band dividing circuit 33
supplies the sub-band signals having a frequency higher than the cutoff frequency set by the low-pass
filter 31 (hereafter called high frequency sub-band signals), of the multiple sub-band signals obtained
with the input signal as the input, to the pseudo high frequency sub-band power difference calculating
circuit 36. [0222]  The feature amount calculating circuit 34 uses at least one of the multiple
sub-band signals of the low frequency sub-band signals from the sub-band dividing circuit 33 or low
frequency signals from the low-pass filter 31 to calculate one or multiple feature amounts, and supplies
this to the pseudo high frequency sub-band povyeggal_culating circuit 35. [0223]  The pseudo high
frequency sub-band power calculating circuit 35 generates a pseudo high frequengcy, syk-pand power,
based on the one or multiple feature amounts from the feature amount calculating circuit 34, and

supplies thisaMeseydo figh frequengy subcband powel filfarenice calauiating,cligy! 36. 10224 The

pseudo high frequency sub-band power difference - 81 - SP248477 calculating circdit 36 calculates .
the later-destrizecepssudabighafreqpeney sub-hard pover tiffeyeaseybasedvinihe high frequency
sub-band signals from the sub-band dividing circuit 33 and the pseudo high frequency sub-band power
from the pséiRi& RigfPfredbendy Subiitower calculating circuit 35, and supplies this to the high
frequency engadigg circuit 37. [0225]

Note that in the feature amount calculating circuit 14
of the frequency band extending device 10 in ¥Fig. 3, it is
assumed that the four loﬁ fregquency sub-band powers and the
dip are calculated as the feature amounis, and similar to
the feature amount calculating circuit 23 of the ccefficient
learning device 20, description is given belcw as
calculating the four low fregquency sub-band powers and the
dip.

[0210]

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

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



The high frequency encoding circuit 37 encodes the pseudo high frequency sub-band power difference
from the pseudo high frequency sub-band power difference calculating circuit 36, and supplies the
high frequency encoded data obtained as a result thereof to the multiplexing circuit 38. [0226] The
multiplexing circuit 38 multiplexes the low frequency encoded data from the low frequency encoding
circuit 32 and the high frequency encoded data from the high frequency encoding circuit 37, and
outputs this as an output code string. [0227]  The low frequency decoding circuit 39 decodes the low
frequency encoded data from the low frequency encoding circuit 32 as appropriate, and supplies the
decoded data obtained as a result thereof to the spyb-band dividing circuit 33 and feature amount
calculating circuit 34. - 82 - SP248477 [0228] [Encoding Processing of Encoding f2gygel;Next,
encoding processing with the encoding device 30 in Fig. 11 will be described with reference to the

flowchart in Fig.£%2.J0229] estimating circuit 24.
[0211]

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

[0212]

Note that, as it goes without saying, the estimation
method of the coefficients Cui{kb), D, and Eji is not
restricted to the above-described methed, and various typés
of general parameter identification methods may be used.
[0213]

According to the processing described above, learning

of ccefficients used to estimate the high frequency sub-band



In step S111, the low-pass filter 31 filters the input signal with a predetermined cutoff frequency, and
supplies the low frequency signal serving as a post-filtering signal to the low frequency encoding circuit
32, sub-band dividing circuit 33, and feature amount calculating circuit 34. [0230] In step 5112, the
low frequency encoding circuit 32 encodes the low frequency signal from the low-pass filter 31, and
supplies the low frequency encoded data obtained as a result thereof to the multiplexing circuit 38.
[0231] Note that as for encoding of the low frequency signal in step S112, it is sufficient that an
appropriate encoding format is selected according to the circuit scope to be found and encoding
efficiency, and the present invention does not depgfd_on this encoding format. [0232] = In step S113,
the sub-band dividing circuit 33 equally divides the input signal and low frequengy,siggah into

power is performed using a wide band teacher signal
beforehand, whereby favorable output results can be obtained
as to various input signals input in the frequency band
extending device 10, and therefore, music signals can be
played with greater sound quality.

[0214]

Note that the coefficients Aj;n(kb) and Bj, in Expression
(2} described above can also be cbtained with the
cocefficient learning method described above.

[6215]

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

multiple feature amounts of the multiple frames before and



- 83 - SP248477 multiple sub-band signals having a predetermined bandwidth. The sub-band dividing
circuit 33 supplies the low frequency sub-band signals, obtained with the low frequency signal as input,
to the feature amount calculating circuit 34. Also, of the multiple sub-band signals obtained with the
input signal as input, the sub-band dividing circuit 33 supplies the high frequency sub-band signals
having a band higher than a band-restricted frequency set by the low-pass filter 31 to the pseudo high
frequency sub-band power difference calculating circuit 36. [0233]  In step S114, the feature amount
calculating circuit 34 uses at least one of the multiple sub-band signals of the low frequency sub-band
signals from the sub-band dividing circuit 33 or th g)v!frequency signal from the low-pass filter 31 to
calculate one or multiple feature amounts, and supplies this to the pseudo high fg%(ﬂ%ll%sub-band
power calculating circuit 35. Note that the feature amount calculating circuit 34 in Fig. 11 has basically

the same copfi tion and functjonality as_the,feature amount calcylating cirguit 14 in Fig. 3, so the
processing |§Ps%§ga S%%l % m;ési?éfl?%g& s§ran% gsg tr%sggce%%irt{éofﬁ gtlg%eéf 0 ‘f%lé: %\c/)v%ﬁart in Fig. 4,
so detailed @esgripiondbareofrwikbe onmittes=10234] <84 £ SR248477 carnistgp 5115, the pseudo
high frequency sub-band power calculating circuit 35 generates a pseudo high frequency sub-band
power, baseffGIFBf& Brdnuliipfe FeRbFd ahtints Fotiahe feattte aniduritcadddatifgSrcuit 34, and

supplies thisaggﬁthetpéega Cr&i%pgéeqli%g%wgﬁbeang | power, gg%enc% Jgg%iulatinqgilgcuit 36. Note that
the pseudo hig e%requency sub- cu

and power calculating circuit it Fig. ﬁérsmbasmally the same

configuratior-and functien ok the.bighfteguessy sebhantkpewet estimatingRigcuit154n Fig. 3, and the
processing in step 3115 is basically the same as the processing in step S5 in the flowchart in Fig. 4, so
detailed desERPI&T wilkbe diitlet pp235Fed in the event of calculating the

high frequency sub-band power with the high freguency sub-
band power estimating circuit 15 of the frequency band
extending device 10,

[021e6]

<2. Second Embodiment>

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

[0217]
[Functional Configuration Example of Encoding Device]

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

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

high frequency sub-band power difference calculating circuit



In step 5116, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
the pseudo high frequency sub-band power difference, based on the high frequency sub-band signal
from the sub-band dividing circuit 33 and the pseudo high frequency sub-band power from the pseudo
high frequency sub-band power calculating circuit 35, and supplies this to the high frequency encoding
circuit 37. [0236]  More specifically, the pseudo high frequency sub-band power difference
calculating circuit 36 calculates the (high frequency) sub-band power, power(ib,J), in a certain time
frame J, of the high frequency sub-band signal from the sub- - 85 - SP248477 band dividing circuit 33.
Note that according to the present embodiment, ajl,of the sub-bands of the low frequency sub-band
signal and sub-bands of the high frequency sub-band signal are identified usinggthe,iggex ib. The
calculating method of the sub-band power can be a method similar to the first embodiment, i.e. the

method UseﬁiefPfEﬁ?ﬁe%S&Qa&é%E?” de-aaplied. 02371 . Next,the-pzguda figh fegyency sub-band

power difference calculating circuit 36 finds the difference (pseudo high frequéncy sub-band power
difference) peweraft{ily, dwbetreegr the highr frefueney subdangepower, power(ib,J), and the pseudo
high frequency sub-band power, powerth(ib,J), from the pseudo high frequency sub-band power
calculating difcfi®35 in the time frame J. The pseudo high frequency sub-band power difference,

powerdsfe(ib,J), isfoungwith Fxpression (14) helow, [9238] [Exprassian 14l poyergin,(J) = power (ib,
J) -power ih ( b, J) (J*FSIZE__ (J+1) FSIZE-1, sb+1 < b<eb)

predetermined cutoff frequency, and supplies signals having
a lower frequency than the cutoff freqguency {hereafter
called low freguency signals) to the low freguency encoding
circuit 32, sub-band dividing circuit 33, and feature amount
calculating circuit 34, as a post-filtering signal.

{02207

The low frequency encoding circuit 32 encodes the low
frequency signal from the low-pass f£ilter 31, and supplies
the low frequency encoded data obtained as a result thereof
to the multiplexing circuit 38 and low freguency decoding
circuit 39.

[0221]

The sub-band dividing circuit 33 divides the low
frequency signal from the input signal and low-pass filter
31 into egual multiple sub-band signals having a
predetermined bandwidth, and supply these to the feature
amount calculating circuit 324 or pseudo high frequency sub-
band power difference calculating circuit 36. More
specifically, the sub-band dividing circuit 33 supplies the
multiple sub-band signals cobtained with low frequency

signals as the input (hereafter called low frequency sub-



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

[0242] 59248477
band signals) to the feature amount calculating circuit 34.
Also, the sub-band dividing circuit 33 supplies the sub-band
signals having a frequency higher than the cutoff frequency
set by the low-pass filter 31 (hereafter called high
frequency sub-band signals), of the multiple sub-band
sigrals cbtained with the input signal as the input, to the
pseudo high frequency sub-band power difference calculating
circuit 36.

[0222]

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

[0223]

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

[0224]

The pseudo high frequency sub-band power difference



More specifically, the high frequency encoding circuit 37 determines to which cluster, of multiple
clusters in a feature space of a preset pseudo high frequency sub-band power difference, should the
vectorized pseudo high frequency sub-band power difference from the pseudo high frequency
sub-band power difference calculating circuit 36 (hereafter called pseudo high frequency sub-band
power difference vector) belong. Now, a pseudo high frequency sub-band power difference vector in a
certain time frame J - 87 - SP248477 indicates an (eb-sb) dimension of vector which has values of
pseudo high frequency sub-band power differences powerdiff(ib,J) for each index ib, as the elements
for the vectors. Also, the feature space for the pseudo high frequency sub-band power difference
similarly has an (eb-sb) dimension space. [0243] ~ In the feature space for the%&g&)? igh
frequency sub-band power difference, the high frequency encoding circuit 37 measures the distance

between the yarioys representative vectors of multiple preset clusters and the pseudo high frequency
sub-band pgwer differen?e vector,land find an in é)% %)PC t % CEfl?SE[gF W%%Stﬁa%eoertéjssfedfs%%gnce

(hereafter catlegh pseudadighy freguenersuli-hand powvendiffieenasd)¢apd suppliesdhis to the
multiplexing circuit 38 as high frequency encoded data. [0244] In step S118, the multiplexing circuit 38
multiplexes H#5& R HreyuBHeYATS detEdataso G fions tia v redudhty €Frdding circuit 32 and the

gitiglj;ec%‘aee‘&gt%ggg%d%‘% data, opfputirom fhe, figh frequency encoging cirquit 37, angd,utputs an
the pseudo high frequency sub-band power calculating circuit
35, and supplies this to the high frequency enceding circuit
37.
[0225]

The high frequency encoding circuit 37 encodes the
pseudo high frequency sub-band power difference from the
pgseudo high frequency sub-band power difference calculating
circuit 36, and supplies the high freguency encoded data
obtained as a result thereof to the multiplexing circuit 38.
[022¢%]

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

[0227]

The low freguency decoding circuit 38 decodes the low
frequency encoded data from the low frequency encoding
circuit 32 as appropriate, and supplies the decoded data

obtained as a result thereof to the sub-band dividing

circuit 33 and feature amount calculating circuit 34.



[0245] Now, regarding an encoding device for the high frequency feature encoding method, a
technique is disclosed - 88 - SP248477 in Japanese Unexamined Patent Application Publication No.
2007-17908 in which a pseudo high frequency sub-band signal is generated from a low frequency
sub-band signal, the pseudo high frequency sub-band signal and high frequency sub-band signal
power are compared for each sub-band, power gain for each sub-band is calculated to match the
pseudo high frequency sub-band signal power and the high frequency sub-band signal power, and this
is included in a code string as high frequency feature information. [0246]  On the other hand,
according to processing described above, in the nt of decoding, only the pseudo high frequency
sub-band power difference ID has to be included In the output code string as mfg?ygggg or estimating
the high frequency sub-band power. That is to say, in the case that the number of preset clusters is 64
for example @%réfgrmatlon for decoding the high frequency signal with a decoding device, only 6-bit
information has to be added to a code string for one time frame, and compared to the method

disclosed in [JapasnesegUpesasurad B atenteApplicaliipmBukkeation No. 2007-17908, information
amount to be included in the code string can be reduced, encoding efficiency can be improved, and

therefore, music sitftige cBIsE! bR cRMRRR Y éatkersouhdqralrpqesiny Byice 30

in Fig. 11 will be described with reference to the flowchart
in Fig. 12.
[0229]

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

In step S112, the low frequency encoding circuit 32
encedes the low freguency signal from the low-pass filter 31,
and supplies the low frequency encoded data cbtained as a
result therecf to the multiplexing circuit 38.

[0231]

Note that as for encoding of the low frequency signal
in step 5112, it is sufficient that an appropriate encoding
format is selected according to the circuit scope tc be
found and enceoding efficiency, and the present invention
does ndt depend on this encoding format.

[6232]
In step S113, the sub-band dividing circuit 33 equally

divides the input signal and low frequency signal into



SP248477  Also, with the above-described processing, if there is leeway in the calculating amount,
the low-frequency decoding circuit 39 may input the low frequency signal obtained by decoding the low
frequency encoded data from the low frequency encoding circuit 32 into the sub-band dividing circuit
33 and the feature amount calculating circuit 34. For the decoding processing by the decoding device,
the feature amount is calculated from the low frequency signals obtained by having decoded the low
frequency encoded data, and high frequency sub-band power is estimated based on the feature
amount thereof. Therefore, with the encoding processing also, including the pseudo high frequency
sub-band power difference ID that is calculated based on the feature amount calculated from the
decoded low frequency signal in the code string enables estimation of high freqtéeﬂbcy %t}-band power
with higher precision in the decoding processing with the decoding device. Accordingi3 , music signals

can be playel v Greaie saund auaily. 9248 [ryncional Conliowation Exaple,ef Decoding

Device]  Next, a functional configuration example of the decoding device corresponding to the
encoding dettice 3QnRTHedl kit derdeseribediwith 3eferepee ée Fighel 3. {R249E Fhedagoding device
40 is made up of a demultiplexing - 90 - SP248477 circuit 41, low frequency decoding circuit 42,
sub-band diFidiid REuis 430 Fddtur@ ARfodtftt afdtiativg TirkQH 42: $ratebard teteaiing gircuit 45,

oo G B B o o e D o e e

generating circuit 47, and synthesizing circuit 48. emui'tllp exing circlit 41 demultiplexes

the input code striig #ie high dreguensy-encotecdatacand ovedreguencyencogeddata, and supplies
the low frequency encoded data to the low frequency decoding circuit 42 and supplies the high
frequency efi¢Gd8d dafa tGEE highfregubnépadcBdinglémclicdsJeb51P3 supplies

the high frequency sub-band signals having a band higher
than a band-restricted fregquency set by the low-pass filter
31 to the pseudo high frequency sub-band power difference
calculating circuit 36.

[0233]

In step 8114, the feature amount calculating circuit 34
uses at least one of the multiple sub-band signals of the
low freguency sub-band signals from the sub-band dividing
circuit 33 cor the low frequency signal from the low-pass
filter 31 to calculate one or multiple feature amounts, and
supplies this to the pseudo high frequency sub-band power
calculating circuit 35. Note that the feature amount
calculating circuit 34 in Fig. 11 has basically the same
configuraticn and functionality as the feature amount
calculating circuit 14 in Fig. 3, so the processing in step
S1i4 is basically the same as the processing in step S4 of
the flowchart in Fig. 4, so detailed description thereof
will be omitted.

[G234]



The low frequency decoding circuit 42 performs decoding of the low frequency encoded data from the
demultiplexing circuit 41. The low frequency decoding circuit 42 supplies the low frequency signals
obtained as a result of the decoding (hereafter called decoded low frequency signals) to the sub-band
dividing circuit 43, feature amount calculating circuit 44, and synthesizing circuit 48. [0252] The
sub-band dividing circuit 43 equally divides the decoded low frequency signal from the low frequency
decoding circuit 42 into multiple sub-band signals having a predetermined bandwidth, and supplies the
obtained sub-band - 91 - 3P248 477 signals (decoded low frequency sub-band signal) to the feature
amount calculating circuit 44 and decoded highfreguency signal generating circuit 47. [0253]  The
feature amount calculating circuit 44 uses at least one of multiple sub-band signaisyafgthedecoded low
frequency sub-band signals from the sub-band dividing circuit 43 and the decoded low frequency

signal from the lowrfieguepcy despding:Ciseldtdd ta Ltalcutatepnre oF mufipleteatyeamounts, and

supplies this to the decoded high frequency sub-band power calculating circuit 46. [0254]
calculating circuit 35 generates a pseudo high frequency
sub-band power, based on one or multiple feature amounts
from the feature amount calculating circuit 34, and supplies
this to the pseudo high frequency sub-band power difference
calculating circuit 36. Note that the pseudo high frequency
sub-band power calculating circuit 35 in Fig. 11 has
basically the same configuraticon and function of the high
frequency sub-band power estimating circuit 15 in Fig. 3,
and the processing in step S115 is basically the same as the
processing in step 55 in the flowchart in Fig. 4, so
detalled description will be omitted.
[0235]

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

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

frame J, of the high frequency sub-band signal from the sub-



The high frequency decoding circuit 45 performs decoding of the high frequency encoded data from
the demultiplexing circuit 41, and uses the pseudo high frequency sub-band power difference 1D
obtained as a result thereof to supply the coefficient (hereafter called decoded high frequency
sub-band power estimating coefficient) for estimating the high frequency sub-band power prepared
beforehand for each ID (index) to the decoded high frequency sub-band power calculating circuit 46.
[0255] The decoded high frequency sub-band power calculating circuit 46 calculates the decoded
high frequency sub-band power, based on one or multiple feature amounts from the - 92 - SP248477
feature amount calculating circuit 44 and the decaged high frequency sub-band power estimating
coefficient from the high frequency decoding circuit 45, and supplies this to the decoded high
frequency signal generating circuit 47. [0256]  The decoded high frequency signal generating circuit

47 generatgs.a degeded high frequency signalBased on the decoded low freguency sub-band signal
from the sub-band dividing Circuit 43 and the decoded high frequency sub-band power from the
decoded higirfreqoeneyisubibend powel catfculating cirenih46s and sippliesthis to the

frequency sub-band signal and sub-bands of the high

frequency sub-band signal are identified using the index ib.

The calculating method of the sub-band power can be a method

similar to the first embodiment, i.e. the method used for

Expression {1) can be applied.

[G237]

Next, the pseudo high freguency sub-band power

difference calculating circuit 36 finds the difference

(pseudo high frequency sub-bkband power difference)

powergise(ib, J) between the high frequency sub-band power,

power {(ib, J), and the pseudo high frequency sub-band power,

powerin (ib, J}, from the pseudo high frequency sub-band power

calculating circuit 35 in the time frame J. The pseudo high

frequency sub-band power difference, powerg:ss{ibk,J}, is |

found with Expressicn (14) below.

[0238]

[Expression 14]
power ;¢ (b, J) = power (ib, J) —power |, (ib, J)
(J¥FSIZE<n < (J+1) FSIZE-1, sb+1<ib<eb)

v (14)

[G239]

In Expression {14), index sb+l represents a minimum



synthesizing circuit 48. [0257]  The synthesizing circuit 48 synthesizes the decoded low frequency
signal from the low frequency decoding circuit 42 and the decoded high frequency signal from the
decoded high frequency signal generating circuit 47, and outputs as an output signal. [0258] [Decoding
Processing of Decoding Device]  Next, decoding processing with the decoding device in Fig. 13 will
be described with reference to the flowchart in Fig. 14. [0259] In step 3131, the demultiplexing circuit
41 - 93 - SP248477 demultiplexes the input code string into high frequency encoded data and low
frequency encoded data, supplies the low frequency encoded data to the low frequency decoding
circuit 42, and supplies the high frequency encoded data to the high frequency decoding circuit 45.
Sp248477

frequency sub-band index in the high fregquency sub-band
signal. Also, index eb represents a maximum freguency sub-
band index encoded in the high frequency sub-band signal.
[0240]

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

[0241]

In step 5117, the high frequency encoding circuit 37
encodes the pseudo high frequency sub-band power difference
from the pseudo high frequency sub-band power difference
calculating circuit 36, and supplies the high freguency
encoded data obtained as a result thereof to the
multiplexing circuit 38.

[0242]

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

sub-band power difference vector in a certain time frame J



[0260] In step 5132, the low frequency decoding circuit 42 performs decoding of low frequency
encoded data from the demultiplexing circuit 41, and supplies the decoded low frequency signal
obtained as a result there to a sub-band dividing circuit 43, feature amount calculating circuit 44, and
synthesizing circuit 48. [0261] In step S133, the sub-band dividing circuit 43 divides the decoded
low frequency signal from the low frequency decoding circuit 42 equally into multiple sub-band signals
having predetermined bandwidths, and supplies the obtained decoded low frequency sub-band signal
to the feature amount calculating circuit 44 and decoded high frequency signal generating circuit 47.
[0262] In step S134, the feature amount calculgting circuit 44 calculates one or multiple feature
amounts from at least one of the multiple sub-band signals of the decoded low frgegugycy;sub-band
signals from the sub-band dividing - 94 - SP248477 circuit 43 and the decoded low frequency signals
from the lowt fregueney desoding-eisquiti4Reand supplies shisde the decoded highfeaguency sub-band
power calculating circuit 46. Note that the feature amount calculating circuit 44 in Fig. 13 has basically
the same caifiRjiftation ahdfonetenaity adtieafsatevamotht Egketati®y circuit 14 in Fig. 3, and the

processing in step S1 455 sically the same as the processing in step S4 ip the flowchart in Fig. 4,
so detailed Hgggrl%ﬁgr?%hérggfvgv?ﬁb%agrlrlwitf'&%ex 15, PaS RneYelendh s’ Tor ehe

vectors. Alsc, the feature space for the pseudo high
frequency sub-band power difference similarly has an (eb-sb)
dimension space.

[0243]

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

[0244]

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

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

frequency feature encoding method, a technique is disclosed



[0263] In step S135, the high frequency decoding circuit 45 performs decoding of the high
frequency encoded data from the demultiplexing circuit 41, and using the pseudo high frequency
sub-band power difference ID obtained as a result thereof, supplies the decoded high frequency
sub-band power estimating coefficients that are prepared for each ID (index) beforehand to the
decoded high frequency sub-band power calculating circuit 46. [0264]  In step 3136, the decoded
high frequency sub-band power calculating circuit 46 calculates the decoded high frequency sub-band
power, based on the one or multiple feature amounts from the feature amount calculating circuit 44
and decoded high frequency sub-band power estigiating coefficient from the high frequency decoding
circuit 45. Note that the - 95 - SP248477 decoded high frequency sub-band power,galgykating circuit
46 in Fig. 13 has basically the same configuration and functionality as the high frequency sub-band

power estimafing Glreui s ifLEigh 35 204 heduecessing:in ster 51536, /5.0asically fie same as the

processing in step S5 in the flowchart in Fig. 4, so detailed description thereof will be omitted. [0265]
In step S137 GAe-detdigdimghtfiequengyssigdal génaratingmirouityd A abiplisda deeadad high
frequency signal, based on the decoded low frequency sub-band signal from the sub-band dividing

circuit 43 andth8sFeSaiethifhdredueity LasBrRYowEPTBAT thed886ded Rith frequency sub-band
bower caleujating A6 ate.hatghe dedoded abteausney;sighalagneraling cireul 47 in Fig.
r

13 has basically the same configuration and functionality as the high frequency signal generating
circuit 16 in Figh-handl thisgproressingrinste paildaisdonsieallyethensame-as: the, prasessing in step S6
of the flowchart in Fig. 4, so detailed descriptions thereof will be omitted. [0266]

gain for each sub-band is calculated to match the pseudc

high frequency sub-band signal power and the high frequency

sub-band signal power, and this is included in a code string

as high freguency feature information.

[0246]

On the other hand, according to processing described
above, in the event of deccding, only the pseudo high
frequency sub-band power difference ID has to be included in
the output code string as information for estimating the
high frequency sub-band power. That is to say, in the case
that the number of preset clusters is 64 for example, as
information for decoding the high frequency signal with a
decoding device, cnly 6-bit information has tc be added to a
code string for one time frame, and compared to the method
disclosed in Japanese Unexamined Patent Application
Publication No. 2007-17908, information amount to be
included in the code string can be reduced, encoding
efficiency can be improved, and therefore, music signals can
be played with greater sound quality.

[0247]



In step S138, the synthesizing circuit 48 synthesizes the decoded low frequency signal from the low
frequency decoding circuit 42 and the decoded high frequency signal from the decoded high frequency
signal generating circuit 47, - 96 - SP248477 and outputs this as an output signal. [0267]

According to the processing described above, by using a high frequency sub-band power estimating
coefficient in the event of decoding that corresponds to the features of the difference between the
pseudo high frequency sub-band power calculated beforehand in the event of encoding and the actual
high frequency sub-band power, precision of estimating the high frequency sub-band power in the
event of decoding can be improved, and conseguggtly, music signals can be played with greater
sound quality. [0268]  Also, according to the processing described above, thegnly ¢nfesmation for
generating the high frequency signals included in a code string is the pseudo high frequency sub-band

power difference I, whicl is ot uich, s.degading pracessing can e pegormed effigiently. [0269]

The above description has been made regarding encoding processing and decoding processing to
which the presentinventiones apptietla bitre presentgtivehve clers-for eachrofithegauliipie; clusters in a
feature space of the pseudo high frequency sub-band power difference that is preset with the high

frequency gﬁ&S&i‘ﬁbtcir?’c%if@?’ of tR& EnEBRing e iEE BPRTYigS 197 aRd PEAEBRAINGYMethod of the
deCOdEdr"@%coding the low frequency encoded data from the low

frequency encoding circuit 32 into the sub-band dividing
circuit 33 and the feature amount calculating circuit 34.
For the decoding processing by the decoding device, the
feature amount is calculated from the low freguency signals
obtained by having decoded the low frequency encoded dats,
and high frequency sub-band power is estimated based on the
feature amount thereof. Therefore, with the encoding
processing alsc, including the pseudo high freguency sub-
band power difference ID that is calculated based on the
feature amcunt calculated from the decoded low fregquency
signal in the code string enables estimation of high
fregquency sub-band power with higher precision in the
decoding processing with the decoding device. BAccordingly,
music signals can be played with greater scund quality.
[0248]

[Functicnal Configuration Example cf Decoding Device]

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

[0249]

The decoding device 40 is made up of a demultiplexing



- 97 - SP248477 frequency sub-band power estimating coefficient output by the high frequency
decoding circuit 45 of the decoding device 40 in Fig. 13 will be described below. [0270]
[Representative Vector of Multiple Clusters in Feature Space of Pseudo High Frequency Sub-Band
Power Difference, and Calculating Method of Decoded High Frequency Sub-Band Power Estimating
Coefficient Corresponding to Each Cluster]  As a method to find representative vectors of multiple
clusters and the decoded high frequency sub-band power estimating coefficients of each cluster,
coefficients that can precisely estimate the high frequency sub-band power in the event of decoding,
according to the pseudo high frequency sub-band power difference vector calculated in the event of
encoding, need to be prepared. Therefore, a technique is applied wherein learnigg.is peyfprmed
beforehand with a wide band teacher signal, and these are determined based on the learning results

thereof. [02¢L}{Eunctignal Gopiiguation Example,of Goefficientleaming evice];  Fig. 15 shows a

functional configuration example of a coefficient learning device that performs learning of the
representatitéwittors efimoltipte ¢h)stéeszand thedeanded high: frequagcy seb-hand ppwer estimating
coefficients for - 98 -

high band decoding circuit 45, decoded high frequency sub-

band power calculating circuit 46, decoded high frequency

signal generating circuit 47, and synthesizing circuit 48.

[0250]

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

[0251]

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

[0252]

The sub-band dividing circuit 43 equally divides the

decoded low frequency signal from the low frequency decocding

circuit 42 into multiple sub-band signals having a

predetermined bandwidth, and supplies the obtained sub-band



SP248477 each cluster. [0272]  The signal components below a cutoff frequency set by the
low-pass filter 31 of the encoding device 30, of the wide band teacher signal input in the coefficient
learning device 50 in Fig. 15 is favorable when the input signal to the encoding device 30 passes
through the low-pass filter 31 and is encoded by the low frequency encoding circuit 32, and further is a
decoded low frequency signal decoded by the low frequency decoding circuit 42 of the decoding
device 40. [0273]  The coefficient learning device 50 is made up of a low-pass filter 51, sub-band
dividing circuit 52, feature amount calculating circuit 53, pseudo high frequency sub-band power
calculating circuit 54, pseudo high frequency sub-pand power difference calculating circuit 55, pseudo
high frequency sub-band power difference clustering circuit 56, and coefficient egthmating circuit 57.
[0274]  Note that each of the low-pass filter 51, sub-band dividing circuit 52, feature amount

calculating gireit 3, and psgudorhigh frequency,subshand powarsaleylatipg girguit 54 of the

coefficient learning device 50 in Fig. 15 have basically the same configuration and functionality as the
respective |dweaprasssfiltarc3h, tsule-bantl=divicing: circuit 834 4 36h& SR2ABATT tendttre amount calculating
circuit 34, and pseudo high frequency sub-band power calculating circuit 35 in the encoding device 30

in Fig. 11, s BR8N THERGor WS Bintfigd G555 rbphdte.
[02533

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

[0254)

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

[0255]

The decoded high freguency sub-band power calculating

circuit 46 calculates the decoded high fregquency sub-band

power, based oh cone or multiple feature amounts from the



[0275]  That is to say, the pseudo high frequency sub-band power difference calculating circuit 55
has similar configuration and functionality as the pseudo high frequency sub-band power difference
calculating circuit 36 in Fig. 11, but the calculated pseudo high frequency sub-band power difference is
supplied to the pseudo high frequency sub-band power difference clustering circuit 56, and the high
frequency sub-band power calculated in the event of calculating the pseudo high frequency sub-band
power difference is supplied to the coefficient estimating circuit 57. [0276]  The pseudo high
frequency sub-band power difference clustering circuit 56 clusters the pseudo high frequency
sub-band power difference vectors obtained framdhe pseudo high frequency sub-band power
difference from the pseudo high frequency sub-band power difference computingsisguit,55, and
calculates representative vectors for each cluster. [0277] The coefficient estimating circuit 57

caleulates high, 00 5 3R2A84%A [igauenny subshand pewer estmating.cagfigents for each cluster

that has been clustered with the pseudo high frequency sub-band power difference Clustering circuit

56, based ohrtheudgh frefulerisyrsulpband panventiaimthecpesifio:-high:fregqueney:sub-band power
difference circuit 55, and the one or multiple feature amounts from the feature amount calculating

circuit 53. [0278} [EBBRRIOTILERTR BF0CESSHE bf CoeffiGEnt EBRMIRG Ddvigere Nkt, coefficient
learning pro&ggg@g&/\/g%ge fP@H@ﬁ@&'eé‘{Bﬂgld%’éﬁ%?Qﬂ”ilﬁjg-c]ﬁ will be described with reference to

the flowchart in Fig. 16.
10256]

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

[0257]

The synthesizing circuit 48 synthesizes the decoded low
frequency signal from the low frequency decoding circuit 42
and the deccded high frequency signal from the decoded high
frequency signal generating circuit 47, and outfputs as an
cutput signal.

[0288]
[Decoding Processing of Decoding Device]

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

[0259]

In step 8131, the demultiplexing circuit 41



[0279]  Note that the processing in steps S151 through S155 in the flowchart in Fig. 16 is similar to
the processing in steps 3111 and 3113 through S116 in the flowchart in Fig. 12, other than the signal
being input in the coefficient learning device 50 being a wide band teacher signal, so description
thereof will be omitted. [0280]  That is to say, in step 3156, the pseudo high frequency sub-band
power difference clustering circuit 56 clusters multiple (a large amount of time frames) pseudo high
frequency sub-band power difference vectors obtained from - 101 - SP248477 the pseudo high
frequency sub-band power difference from the pseudo high frequency sub-band power difference
calculating circuit 55 into 64 clusters, for example gand calculates representative vectors for each
cluster. An example of a clustering method may be to use clustering by k-means; oy gxample. The
pseudo high frequency sub-band power difference clustering circuit 56 sets a center-of-gravity vector

for each clusigghichis.abiained s gesull ol nertorming clisterlng byJegeans, as the

representative vector for each cluster. Note that the method of clustering and number of clusters is not
restricted to¢hedésdrightas abhdvepandrthgt:ethey methodisdndy be, useghjD284] theAlso, the pseudo
high frequency sub-band power difference clustering circuit 56 uses a pseudo high frequency

sub-band powd&r difEFITEE Ve Eibr YHtEIndu o thENSselrld KipRIrEqueh &PSaSRMd power difference
from the pseuda-high fiequency subsbandpewer diffarencs caloulating, ciigull 53.p.a fime frame J to

measure the distance from the 64 representative vectors, and detérmines an index CID(J) for the
cluster to whitk tie gip résentativey vdetos diaving-the-shiartest distance belongs. Note that the index
CID(J) takes integer values from 1 to the number of clusters (64 in this example). The pseudo high
frequency s power difference clustering circuit 56 thus outputs the

In step 85132, the low frequency decoding circuit 42
performs deccding of low freguency encoded data from the
demultiplexing circuit 41, and supplies the decoded low
frequency signal obtained as a result there to a sub-band
dividing circuit 43, feature amount calculating circult 44,
and synthesizing circuit 48.

[0261]

In step S133, the sub-band dividing circuit 43 divides
the decoded low frequency signal from the low freguency
decoding circuit 42 equally into multiple sub-band signals
having predetermined bandwidths, and supplies the obtained
decoded low frequency sub-band signal to the feature amount
calculating circuit 44 and decoded high freguency signal
generating circuit 47.

[0262]

In step 8134, the feature amount calculating circuit 44
calculates cne or multiple feature amounts from at least one
of the muitiple sub-band signals of the decocded low

freguency sub-band signals from the sub-band dividing



- 102 - SP248477 representative vector, and supplies the index CID(J) to the coefficient estimating
circuit 57. [0282]  In step 3157, the coefficient estimating circuit 57 performs calculating of a
decoded high frequency sub-band power estimating coefficient for each cluster, for each group having
the same index CID(J) (belonging to the same cluster), of multiple combinations of the feature amount
and (eb-sb) number of high frequency sub-band power supplied to the same time frame from the
pseudo high frequency sub-band power difference calculating circuit 55 and feature amount
calculating circuit 53. Note that the method for calculating coefficients with the coefficient estimating
circuit 57 is similar to the method of the coefficieng gstimating circuit 24 of the coefficient learning
device 20 in Fig. 9, but it goes without saying that another method may be useds $3283]77 According
to the processing described above, learning is performed for the representative vectors for each of

multiple clugters:in hesfeature spRCE oE &g aseydo highrequenscy sHhand pewer difference preset
in the high frequency encoding circuit 37 of the encoding device 30 in Fig. 11, and for the decoded

high frequeney sabdrarehoowee estinratineicosffitieh? ougnd byuthelligh fréduerncy déeoding - 103 -
SP248477 cjrcuit 45 of the decoding device 40 in Fig. 13 using a wide band teacher signal
beforehand SWReFESy) favdrabit it H?Veﬁﬁﬂ%‘gﬁb‘j\/é’r‘?&’&ringﬁ%gib%aat@ﬂ?atcdréqﬁﬁﬁt if%he encoding

device 30 afdyariousdnpUECceds sfingsinputin the deegding device. 40.camy bepbiaiped, and
therefore, music signals can be played with greater sound quality.

13 has basically the same configuration and functionality as
the.feéture amount calculating circuit 14 in Fig. 3, and the
processing in step 5134 i1s basically the same as the
processing in step S4 in the flowchart in Fig. 4, so
detailed description therecf will be omitted.

[0263]

In step 8135, the high fregquency decoding cirquit 45
performs decoding of the high frequency encoded data from
the demultiplexing circuit 43, and using the pseudo high
freguency sub-band power difference ID cobtained as a result
therecf, supplies the deccded high freqguency sub-band power
estimating coefficients that are prepared for each ID
(index) beforehand to the decoded high fregquency sub-band
power calculating circuit 46.

[0z264]

In step 8136, the decoded high frequency sub-band power
calculating circuit 46 calculates the decoded high frequency
sub~band pecwer, based on the one or multiple feature amounts
from the feature amount calculating circuit 44 and decoded
high frequency sub-band power estimating coefficient from

the high freguency decoding circuit 45. Note that the



[0284]  Further, the coefficient data for calculating high frequency sub-band power in the pseudo
high frequency sub-band power calculating circuit 35 of the encoding device 30 and the decoded high
frequency sub-band power calculating circuit 46 of the decoding device 40 can be handled as follows
with regard to signal encoding and decoding. That is to say, by using coefficient data that differs by the
type of input signal, the coefficient thereof can be recorded at the beginning of the code string. [0285]
For example, by modifying the coefficient data according to signals for a speech or jazz and so forth,
encoding efficiency can be improved. [0286]  Fig. 17 shows a code string obtained in this way.
[0287]  The code string A in Fig. 17 is that of ag encoded speech, and coefficient data a, optimal for
a speech, is - 104 - SP248477 recorded in the header. [0288] SpP248477

decoded high frequency sub-band power calculating circuit 46
in Fig. 13 has basically the same configuration and
functicnality as the high frequency sub-band power
estimating circuit 15 in Fig. 3, and the processing in step
5136 is basically the same as the processing in step S5 in
the flowchart in Fig. 4, so detailed description thereof
will be omitted.

[6265]

In step $137, the decoded high frequency signal
generating circuit 47 outputs a decoded high freguency
signal, based on the decoded low frequency sub-band signal
from the sub-band dividing circuit 43 and the decoded high
frequency sub-band power from the decoded high freguency
sub-band power calculating circuit 46. Note that the
decoded high frequency signal generating circuit 47 in Fig.
13 has basically the same configuration and functionality as
the high frequency signal generating circuit 16 in Fig. 3,
and the processing in step S137 is basically the same as the
processing in step 86 of the flowchart in Fig. 4, so
detailed descriptions thereof will be cmitted.

[0266] |

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

from the decoded high frequency signal generating cirxcuit 47,



Conversely, the code string B in Fig. 17 is that of encoded jazz, and coefficient data p, optimal for jazz,
is recorded in the header. [0289]  Such multiple types of coefficient data may be prepared by
learning with similar types of music signals beforehand, and coefficient data may be selected by the
encoding device 30 with the genre information such as that recorded in the header of the input signal.
Alternatively, the genre may be determined by performing waveform analysis of the signal, and thus
select the coefficient data. That is to say, such genre analysis method for signals is not restricted in
particular. [0290]  Also, if calculation time permits, the learning device described above may be built
into the encoding device 30, processing performegigusing the coefficients of a dedicated signal thereof,
and as shown in the code string C in Fig. 17, finally, the coefficient thereof may bgxgggtded in the
header. [0291] Advantages of using this method will be described below. [0292] - 105 - SP248477

There are many lacatigns inQNs inpuLsionat wherginsthe forms of high frequency sub-band powers
are similar. Using this feature which many input signals have, learning the coefficient for estimating the

high frequenéy Siib-band power, individually for each input signal, enables redundancy caused by the
existence of similar locations of high frequency sub-band power to be reduced, and enables encoding

efficiency to be iInCIEasEd Asd high Fretf e Sul bART Pottsi e g R¥n'BE Perfdrmed with
higher preciﬁmth@bgj@@@nMCg%ﬁigi%%Qr @%tymgﬁgxl?égkboefficient in the

event of decoding that corresponds to the features of the
difference between the pseudo high frequency sub-band power
calculated beforehand in the event of encoding and the
actual high frequency sub-band power, precision of
estimating the high frequency sub-band power in the event of
decoding can be improved, and consequently, music signals
can be played with greater scound gquality.

[0268]

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

[0269]

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

in Fig. 11, and a calculating method of the decoded high



frequency sub-band power statistically with multiple signals. [0293]  Also, as shown above, an
arrangement may be made wherein coefficient data learned from the input signal in the event of
encoding is inserted once into several frames. [0294] <3. Third Embodiment> [Functional
Configuration Example of Encoding Device]  Note that according to the above description, the
pseudo high frequency sub-band power difference ID is output as high frequency encoded data, from
the encoding device 30 to the decoding device 40, but the coefficient index for obtaining the decoded
high frequency sub-band power estimating coefficient may be set as the high frequency encoded data.
- 106 - SP248477 [0295]  In such a case, the eggoding device 30 is configured as shown in Fig. 18,
for example. Note that in Fig. 18, the portions corresponding to the case in Fig. 33-hasthe same
reference numerals appended thereto, and description thereof will be omitted as appropriate. [0296]

The encodig-deyise-30 #uFig L&differs fran the enceding.device 304 fge Jddnthat the low
frequency decoding circuit 39 is not provided, and in other points is the same.
the high frequency decoding circuit 45 of the decoding
device 40 in Fig. 13 will be described below.
[0270] |
[Representative Vector of Multiple Clusters in Feature Space
of Pseudoc High Fregquency Sub-Band Power Difference, and
Calculating Method of Decoded High Frequency Sub-Band Power
Estimating Coefficient Corresponding to Each Cluster]

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

102711
{Functional Configuration Example of Coefficient Learning
Device]

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

high frequency sub-band power estimating coefficients for



[0297]  With the encoding device 30 in Fig. 18, the feature amount calculating circuit 34 uses the
low-frequency sub-band signal supplied from the sub-band dividing circuit 33 to calculate the low
frequency sub-band power as feature amount, and supplies this to the pseudo high frequency
sub-band power calculating circuit 35. [0298]  Also, multiple decoded high frequency sub-band
power estimating coefficients found by regression analysis beforehand and the coefficient indices that
identify such decoded high frequency sub-band power estimating coefficients are correlated and
recorded in the pseudo high frequency sub-band power calculating circuit 35. - 107 - SP248477
[0299]  Specifically, multiple sets of the coefficiegat A,b(kb) and coefficient Bib for the various
sub-band used to compute the above-described Expression (2) are prepared beggrehginst; as decoded
high frequency sub-band power estimating coefficients. For example, these coefficients A,b(kb) and
coefficient Bih a@re founra beforehand with regression analysis using a least square method, with the
low frequency sub-band power as explanatory variables, and the high frequency sub-band power as
an explained Yaridble. In the regression analysis, an input signal made up of low frequency sub-band

signals and high figguency,sub-band sianals are wsec,as the wide,band teacher siopal. 0300)

the low-pass filter 31 of the enccding device 30, of the
wide band teacher signal input in the cocefficient learning
device 50 in Fig. 15 is favorable when the input signal to
the encoding device 30 passes through the low-pass filter 31
and is encoded by the low frequency encoding circuit 32, and
further is a decoded low frequency signal decoded by the low
frequency decoding circuit 42 of the decoding device 40.
[0273]

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

[0274]

Nete that each of the low-pass filter 51, sub-band
dividing circuit 52, feature amount calculating circuit 53,
and pseudo high frequency sub-band power calculating circuit
34 of the coefficient learning device 5C in Fig. 15 have
basically the same configuration and functionality as the

respective low-pass filter 31, sub-band dividing circuit 33,



The pseudo high frequency sub-band power calculating circuit 35 uses the decoded high frequency
sub-band power estimating coefficient and the feature amount from the feature amount calculating
circuit 34 for each recorded decoded high frequency sub-band power estimating coefficient to
calculate the pseudo high frequency sub-band power of each high frequency side sub-band, and
supplies these to the pseudo high frequency sub-band power difference calculating circuit 36. [0301]
The pseudo high frequency sub-band power difference - 108 - SP248477 calculating circuit 36
compares the high frequency sub-band power obtained from the high frequency sub-band signal
supplied from the sub-band dividing circuit 33 anddgbe pseudo high frequency sub-band power from
the pseudo high frequency sub-band power calculating circuit 35. [0302]  As & tesidiofthe
comparison, of the multiple decoded high frequency sub-band power estimating coefficients, the

pseudo highdfeequercysidh-banshpewes difference salgulating &H@UH&%}&PQ{%&NO the high frequency

encoding circuit 37, a coefficient index of the decoded high frequency sub-ban

power estimating

coefficient haVipg sHai et pscudeirgh freioehey sub-lrbdmt pbwe? heamestthe high frequency

sub-band power. (I:p othe(::{ words,

ex of the decqded high frequency sub-band power

caefficient i ,
estimating coefficilent> for WHIch gaﬂiglhnfrgﬁﬂén%y sighal BF 5% ifput Vg S0 B rédlized at time of
decoding, i.- grceded high fieguepsey signal nearest the true value is obtained, is selected. [0303]
[Encoding Processing of Encoding Device]  Next, encoding processing performed by the encoding
device 30 in lg§.7$8 will be described with reference to the flowchart in Fig. 19. Note that the
processing in step?;}‘18l throgath step 3]1?3 |sss(é[t’r11| ar to step_ 3111 through step S113 in Fig. 12, so

description thereo wﬁltbé i

power difference calculating circuit 55 has similar

egfyr the p

¢ high freguency sub—gand

configuration and functionality as the pseudo high frequency

sub-band power difference calculating circuit 36 in Fig. 11

’

but the calculated pseudo high frequency sub-band power

difference is supplied to the pseudo high freguency sub-band

power difference clustering circuit 56, and the high
frequency sub-band power calculated in the event of
calculating the pseudo high frequency sub-band power

difference is supplied to the coefficient estimating

57.

[0276]

circuit

The pseudo high frequency sub-band power difference

clustering circuit 56 clusters the pseudo high frequency

sub-band power difference vectors cbtained from the pseudo

high frequency sub-band power difference from the pseudo

high frequency sub-band power difference computing circuit

55, and calculates representative vectors for each cluster.

[0277]

The ccefficient estimating circuit 57 calculates high



- 109 - SP248477 [0304] In step 5184, the feature amount calculating circuit 34 uses the low
frequency sub-band signal from the sub-band dividing circuit 33 to calculate the feature amount, and
supplies this to the pseudo high frequency sub-band power calculating circuit 35. [0305]

Specifically, the feature amount calculating circuit 34 performs the computation in Expression (1)
described above to calculate, as the feature amount, the low frequency sub-band power, power(ib,J),
of frame J (where 0J) for each sub-band ib (where sb-3ibsb) at the low frequency side. That is to say,
the low frequency sub-band power, power(ib,J), is calculated by taking the root mean square of the
sample values for each sample of the low frequengyysub-band signals making up the frame J as a
logarithm. [0306] SP248477

frequency sub-band power estimating coefficients for each
cluster that has been clustered with the pseudo high
frequency sub-band power difference clustering circuit &6,
based on the high fregquency sub-band power from the pseudo
high frequency sub-band power difference circuit 55, and the
cne or multiple feature amounts from the feature amount
calculating circuit 53.

[0278]

[Coefficient Learning Processing of Coefficient Learning
Device]

Next, coefficient learning processing with the
coefficient learning device 50 in Fig. 15 will be described
with reference to the flowchart in Fig. 16.

[062783]

Note that the processing in steps 5151 through 8155 in
the flewchart in Fig. 16 is similar to the processing in
steps S111 and S113 through Si16 in the flowchart in Fig. 12,
other than the signal being input in the coefficient
learning device 50 being a wide band teacher signal, so
description thereof will be cmitted.

[0280]

That is toc say, in step 5156, the pseudo high frequency
sub-band power difference clustering circuit 56 clusters
multiple (a large amount of time frames) pseudo high

fregquency sub-band power difference wectors cbtained from



In step S185, the pseudo high frequency sub-band power calculating circuit 35 calculates a pseudo
high frequency sub-band power, based on the feature amount supplied from the feature amount
calculating circuit 34, and supplies this to the pseudo high frequency sub-band power difference
calculating circuit 36. [0307] For example, the pseudo high frequency sub-band power - 110 - 5P248
477 calculating circuit 35 uses the coefficient Am(kb) and coefficient Bib that are recorded beforehand
as decoded high frequency sub-band power estimating coefficient and the low frequency sub-band
power, power (kb,J) (where sb-3kb sb), to perform the computation in Expression (2) described above,
and calculates the pseudo high frequency sub-barghpewer, powerest(ib,J). [0308]  That is to say,
the coefficient Am(kb) for each sub-band is multiplied by the low frequency sub-papd powver,
power(kb,J), for each low frequency side sub-band, supplied as the feature amount, and further the
coefficient Bilhés adeeddo thelsunt ofithetop fiasiensy subweand pewers madltiphieg by:ibe
coefficients, and becomes the pseudo high frequency sub-band power, powerest(ib,J). The pseudo

high frequefSP3dR bahdpowerieERuRiEd Fsrsadtrhh Féddarsnsidecai-baat imgerein the index

is sb+1 through eb, [03Q9]; | @I ,th%%sce@urdso hi hrfre uency sutgggnd OW%r calculating circuit 35

performs calculation of pseudo hig ?requency’su “Ban %zgﬁ/e?‘for &acky det Sa%figh frequency

sub-band paweirestimating-eseflicienttecnsded heforehande For exanapleyjatdis.gay that the
coefficient index is 1 through K (where 2 K), and K decoded high frequency sub-band power
estimating COBfRIEHRSEI SrEpefeddefbehamdise clustering by k-means, for

example. The pseudo high frequency sub-band power
difference clustering circuit 56 sets a center-of-gravity
vecteor for each cluster, which is obtained as a result of
performing clustering by k-means, as the representative
vector for each cluster. Note that the method of clustering
and number of clusters is not restricted to the descriptions
above, and that other methods may be used.

[C281]

Also, the pseude high freguency sub-band power
difference clustering circuit 56 uses a pseudo high
frequency sub-band power difference vector obtained from the
pseudo hich frequency sub-band power difference from the
pseudo high frequency sub-band power difference calculating
circuit 55 in a time frame J to measure the distance from
the 64 representative vectors, and determines an index
CID(J) forxr the cluster to which the representative vector
having the shortest distance belongs. Note that the index
CID(J) takes integer values from 1 to the number of clusters
(€4 in this example). The pseudo high frequency sub-band

power difference clustering circuit 56 thus outputs the



SP248477 In this case, for each of K decoded high frequency sub-band power estimating coefficients,
the pseudo high frequency sub-band powers are calculated for each sub-band. [0310] In step
S186, the pseudo high frequency sub-band power difference calculating circuit 36 calculates the
pseudo high frequency sub-band power difference, based on the high frequency sub-band signal from
the sub-band dividing circuit 33 and the pseudo high frequency sub-band power from the pseudo high
frequency sub-band power calculating circuit 35. [0311]  Specifically, the pseudo high frequency
sub-band power difference calculating circuit 36 performs computation similar to that in Expression (1)
described above for the high frequency sub-band; gignals from the sub-band dividing circuit 33, and
calculates the high frequency sub-band power, power(ib,J) in frame J. Note thatgccosding to the
present embodiment, all of the sub-bands of the low frequency sub-band signals and sub-bands of the

high frequenepsel-brpgisigaalscareddentifiad 4isina andndexib: {8312k-1p Nextthe.pseudo high
frequency sub-band power difference calculating circuit 36 performs calculation similar to that in
Expression ¢P&fddstitet slsovaadndfinds thedifférénce between the high frequency sub-band - 112
- SP248477 Q)%vg%r, power(ib,J) in frame J, and the pseudo high frequency sub-band power,
power"t(ib,Jf. hué, for each decoded high frequency sub-band power estimating coefficient, a pseudo

high frequency sulprband-powes djfference, pewesdifiib, O is;aRtaingd for.each high frequency side

sub-band wherein the index is sb+1 through eb.
performs calculating of a decoded high fregquency sub-band
power estimating coefficient for each cluster, for each
group having the same index CID{J) (belonging to the same
cluster), of multiple combinations of the feature amount and
(eb-sb) number of high freguency sub-band power supplied to
the same time frame from the pseudc high freguency sub-band
power difference calculating circuit 55 and feature amount
calculating circuit 53. Note that the method for
calculating coefficients with the coefficient estimating
circuit 57 is similar to the methed of the coefficient
estimating circuit 24 of the coefficient learning device 20
in Fig. 9, but it goes without saying that another method
may be used.
[0283]

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

Fig. 11, and for the decoded high frequency sub-band power

estimating coefficient output by the high frequency decoding



[0313] In step S187, the pseudo high frequency sub-band power difference calculating circuit 36
calculates the following Expression (15) for each decoded high frequency sub-band power estimating
coefficient, and calculates the square sum of the pseudo high frequency sub-band power difference.
[0314] [Expression 15] eb E(J, id) =E(powerdiff( ib,J, id)12 (15) ib=sb+1 [0315] Note that in
Expression (15), the sum of squared differences E(J, id) shows the square sum of the pseudo high
frequency sub-band power difference of frame J, found for the decoded high frequency sub-band
power estimating coefficient wherein the coefficient index is id. Also, in Expression (15), powerf(ib,J,id)
represents the pseudo high frequency sub-band pgwet difference powerdiff(ib,J) of frame J of the
sub-band wherein the index is ib, which is - 113 - SP248477 found for the decoglegsighfrequency
sub-band power estimating coefficient wherein the coefficient index is id. The sum of squared

differences E{Jdd} is ealculatethéorraduohi desaded highsfrequency sub-band poyepgstimating
coefficients.

band teacher signal beforehand, whereby favorable ocutput

results as to various input signals that are input in the

encoding device 30 and various input code strings input in

the decoding device 40 can be obtained, and therefore, music

signals can be played with greater sound quality.

[0284] |

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

[0285]

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

[0zg¢é]

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

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

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



[0316] The sum of squared differences E(J, id) thus obtained shows the degree of similarity
between the high frequency sub-band power calculated from the actual high frequency signal and the
pseudo high frequency sub-band power calculated using the decoded high frequency sub-band power
estimating coefficient wherein the coefficient index is id. [0317]  That is to say, the error of
estimation values as to the true value of the high frequency sub-band power is indicated. Accordingly,
the smaller the sum of squared differences E(J, id) is, the closer to the actual high frequency signal is
the decoded high frequency signal obtained by the computation using the decoded high frequency
sub-band power estimating coefficient. In other wigygs,-the decoded high frequency sub-band power
estimating coefficient having a minimal sum of squared differences ER, id) can ke $aiQ te; be the
optimal estimating coefficient for frequency band extending processing that is performed at the time of
decoding an-egHiLOAeSHRG. ekl » SP248477 [0318]  Thus, the pseudo high frequency
sub-band power difference calculating circuit 36 selects the sum of squared differences of the K sums
of squared diffe¥érices E(J,id) of which the value is the smallest, and supplies the coefficient index
indicating the decgorged hi%h requency sué)-band ower estimating coefficient corresponding to the
nve CEﬁ

sum of squared dHETSREES therebf-%o igh Fratfiehcyenicoding dirddit 373foF0]  In step S188,

the high fregueneansading Glruit-3¢ encedes the cogfiicientjpdex supplied from the pseudo high
frequency sub-band power difference calculating circuit 36, and supplies the high frequency encoded
data obtain&g esriessuinthereotwatthemmultiplexing circuit 38. [0320]

{0289}

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

{0290]

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

[0291]
Advantages of using this method will be described below.

[0292]



For example, in step S188, entropy encoding or the like is performed as to the coefficient index. Thus,
the information amount of high frequency encoded data output to the decoding device 40 can be
compressed. Note that the high frequency encoded data may be any sort of information as long as the
information can obtain an optimal decoded high frequency sub-band power estimating coefficient, and
for example, the coefficient index may be used as high frequency encoded data, without change. -
115 - SP248477 [0321] In step 5189, the multiplexing circuit 38 multiplexes the low frequency
encoded data supplied from the low frequency encoding circuit 32 and the high frequency encoded
data supplied from the high frequency encoding Gifgiit.37, outputs the output code string obtained as a
result thereof, and ends the encoding processing. [0322]  Thus, by outputtingdbe 41ighfrequency
encoded data, obtained by encoding the coefficient index, as output code string, together with the low

frequency encodeg:data, the:desegdingslavice 49 that seeeives.the input of this Quipyt code string can
obtain the decoded high frequency sub-band power estimating coefficient that is optimal for frequency

band extendihg pfocassing. Thab, digaalewith grebterssolinpoysality zaa beiobiamed. [0323]
[Functional onfi%u%%i]ho%n xample of Decoding Device]  Also, the decoding device 40 to input, as
mg

an input code str SEdE ThEBUTHUFESHe ST oStheR Fbfn B Encodf dedice 30 in Fig. 18,
is configured s shaye inFig, 20 Jer example.iNgte: thatrn kig. 20 4he poytians, cggsponding to the

case in Fig. 13 have the same reference numerals appended thereto, and description thereof will be
omitted. power, individually for each input signal, enables

redundancy caused by the existence of similar leccations of

high frequency sub-band power to ke reduced, and enables

encoding efficiency to be increased. Also, high freguency

sub-band power estimating can be performed with higher

precision than can learning coefficients for estimating high

frequency sub-band power statistically with multiple signals.

[0293]

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

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

encoded data.



- 116 - SP248477 [0324] The decoding device 40 in Fig. 20 is the same as the decoding device 40
in Fig. 13, from the point of being made up of the demultiplexing circuit 41 through the synthesizing
circuit 48, but differs from the decoding device 40 in Fig. 13 from the point that the decoded low
frequency signal from the low frequency decoding circuit 42 is not supplied to the feature amount
calculating circuit 44. [0325] At the decoding device 40 in Fig. 20, the high frequency decoding circuit
45 records beforehand the same decoded high frequency sub-band power estimating coefficient as
the decoded high frequency sub-band power estimating coefficient recorded by the pseudo high
frequency sub-band power calculating circuit 35 inggg-18. That is to say, a set of the coefficient
Ath(kb) and coefficient Bth serving as the decoded high frequency sub-band powes gstimating
coefficient found by the regression analysis beforehand is correlated to the coefficient index and
recorded. [0B26$57 The high frequency decoding circuit 45 decodes the high frequency encoded data
supplied from the demultiplexing circuit 41, and supplies the decoded high frequency sub-band power
estimating coefficient sheWwnavith siee cbbfficierciddey oistaihed aa fesylvtifsreof taitkes decoded high
- 117 - SP248dr 1t in Fig. 18, for example. Note that in Fig. 18, the
portions corresponding to the case in Fig. 11 has the same
reference numerals appended thereto, and description thereof
will be omitted as appropriate.

102861

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

[0297]

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

[0298]

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

coefficients are correlated and recorded in the pseudo high

freguency sub-band power calculating circuit 35.



frequency sub-band power calculating circuit 46. [0327] [Decoding Processing of Decoding Device]
Next, decoding processing performed with the decoding device 40 in Fig. 20 will be described with
reference to the flowchart in Fig. 21. [0328]  The decoding processing is started upon the output
code string output from the encoding device 30 being supplied as an input code string to the decoding
device 40. Note that the processing in step 3211 through step 3213 is similar to the processing in step
3131 through step S133 in Fig. 14, so description thereof will be omitted. [0329]  In step 3214, the
feature amount calculating circuit 44 uses the decoded low frequency sub-band signal from the
sub-band dividing circuit 43 to calculate the featuyg-amount, and supplies this to the decoded high
frequency sub-band power calculating circuit 46. Specifically, the feature amoungcaleyiating circuit 44
performs computation of the above-described Expression (1), and calculates the low frequency
sub-band pqweg gaower(ib,J) of the frame J (where 0 5 J) as the feature amount, for the various low
frequency side sub-bands ib. [0330] - 118 - SP248477

Specifically, multiple sets of the ccefficient Ai,(kb)

and coefficient Bipy for the various sub-band used to compute
the above-described Expression (2) are prepared beforehand,
as decoded high frequency sub-band power estimating
coefficients. For example, these coefficieﬁts Aip(kb) and
coefficient By, are found beforehand with regression analysis
using a least sqguare method, with the low freguency sub-band
power as explanatory variables, and the high frequency sub-
band power as an explained variable. In the regression
analysis, an input signal made up of low freguency sub-band
signals and high frequency sub-band signals are used as the
wide band teacher signal.

[0300]

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

[03C1]

The pseude high freguency sub-band power difference



In step S215, the high frequency decoding circuit 45 performs decoding of the high frequency encoded
data supplied from the demultiplexing circuit 41, and supplies the decoded high frequency sub-band
power estimating coefficient shown by the coefficient index obtained as a result thereof to the decoded
high frequency sub-band power calculating circuit 46. That is to say, of the multiple decoded high
frequency sub-band power estimating coefficients recorded beforehand in the high frequency decoding
circuit 45, the decoded high frequency sub-band power estimating coefficient shown in the coefficient
index obtained by decoding is output. [0331] In step 3216, the decoded high frequency sub-band
power calculating circuit 46 calculates decoded higfy frequency sub-band power, based on the feature
amount supplied from the feature amount calculating circuit 44 and the decodedsighdreguency
sub-band power estimating coefficient supplied from the high frequency decoding circuit 45, and
supplies this.n the: degeded high freasgneysjanal geyﬁéa@ﬂgéﬁir%@é {332 p-Lhalls to say, the
decoded high frequency sub-band power calculating circuit 46 uses the coéfficients A,b(kb) and Bib
serving as thewecodetdighdretuencyrsulibghd oweren d i 9suSPR4847 % eptimiating coefficients, and
the low frequency sub-band power, power(kb,J), (where sb-3 5 kb 5 sb) as the feature amount, to

perform the TS0 TTThé AP ovBEdeeHb e A Fredicht & dhd Tl @Rtdteds e decoded high

frequency spbhand pawer.sPaus.a decadsd high fregiency syb-hand powes is gbtained for each high
frequency side sub-band wherein the index is sb+1 through eb. [0333] ~ In step S217, the decoded

high frequertyesigaatgenetatbrndireuid? genbratestd decoded high f®quency signal, based on the
decoded low frequency sub-band signal supplied from the sub-band dividing circuit 43 and the
decoded hig[kp?r@qa&ency sub-band power supplied from the decoded high frequency sub-band power

calculating cicuit 46 0334, SpeciigallvJhg ecoded high reayany.sigaalgensiaiing cireuit 47

performs the computation in the above-described Expression (1), using the deco low frequency
sub-band sighgh afidecalenlate s the-lown fregoeacy ssibiband powesddreack o fregrency side
sub-band. The decoded high frequency signal generating circuit 47 then uses the obtained low

frequency sHESDHHY PoWRr SRETRETsHe PRIGIFFEGUERSESU-bERELSo\WEr RPpEHSAT ER¥nputation of
the above-descrugd Epraapipn-@k, 2ath calcyiates:2 GDALRYY" Glo.bi1R cashnigh frequency

37, a coefficient index of the decoded high fregquency sub-

band power estimating coefficient having cbtained the pseudo

high frequency sub-band power nearest the high frequency

sub-band power. In cther words, a coefficient index of the

decoded high freguency sub-band power estimating coefficient,

for which a high frequency signal cof the input signal to be

realized at time of decoding, i.e. a deccded high frequency

signal nearest the true value is cobtained, is selected.

[0303]

[Encoding Processing of Encoding Devicel

Next, encoding processing performed by the encoding
device 30 in Fig. 18 will be described with reference to the
flowchart in Fig. 19. Note that the processing in step 5181

through step 5183 is similar to step 8111 through step $113

in Fig. 12, so description thereof will be omitted.



- 120 - SP248477 [0335]  Further, the decoded high frequency signal generating circuit 47 uses the
gain amount G(ib,J) and the decoded low frequency sub-band signal to perform computation of the
above-described Expression (5) and Expression (6), and generates a high frequency sub-band signal
x3(ib,n) for each high frequency side sub-band. [0336] That is to say, the decoded high frequency
signal generating circuit 47 subjects the decoded low frequency sub-band signal x(ib,n) to amplitude
adjustment, according to the ratio of the low frequency sub-band power and decoded high frequency
sub-band power, and as a result thereof, further subjects the obtained decoded low frequency
sub-band signal x2(ib,n) to frequency modulation; Fhus, the signal of the low frequency side sub-band
frequency component is converted to a frequency component signal of the high §gggpey side
sub-band, and a high frequency sub-band signal x3(ib,n) is obtained. [0337]  The processing that
thus obtainsthedaigh frequency sub-band signals for each sub-band is as described below in greater
detail.

In step 5184, the feature amount calculating circuit 34

uses the low frequency sub-band signal from the sub-band

dividing cizcuit 33 to calculate the feature amount, and

supplies this to the pseude high frequency sub~band power
calculating circuit 35,

[0305]

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

[0306]

In step 85185, the pseudo high freguency sub-band power
calculating circuit 35 calculates a pseudo high fregquency
sub-band power, based on the feature amount supplied from
the feature amcunt calculating circuit 34, and supplies this
to the pseudo high freguency sub=-band power difference
calculating circuit 36.

[0307]

For example, the pseudo high freguency sub-band power



[0338] Let us say that four sub-bands arrayed continuously in - 121 - SP248477 a frequency region is
called a band block, and a frequency band is divided so that one band block (hereafter particularly
called low frequency block) is made up of four sub-bands wherein the indices on the low frequency
side are sb through sb-3. At this time, for example, the band made up of sub-bands wherein the
indices on the high frequency side are sb+1 through sb+4 is considered one band block. Note that
hereafter, a band block on the high frequency side, i.e. made up of sub-bands wherein the indices are
sb+1 or greater, is particularly called a high frequency block. [0339]  Now, let us focus on one
sub-band that makes up a high frequency block, 2 generate a high frequency sub-band signal of the
sub-band thereof (hereafter called focus sub-ban ? irst, the decoded high frqugg?)é ‘§j7g{1al
generating circuit 47 identifies the sub-band of the low frequency block which is In the Ssame position

lati t ition. of the.sub- 1:'S ! -Q thee' hgj’nee en k.[0340] For example,
re aton as e pasitiopalhne i pand T B st Beugh ashengy biggk | X

if the index of the sub-band of interest is sb+1, t nterest and having the lowest
frequency ot:thefffighifeequencydiaek avbeteiyoa daw feeguensy hlack subkand i thessame position

relation as the sub-band of interest becomes a sub-band wherein the index is sb-3. - 122 -
frequency sub-band power estimating coefficient and the low
frequency sub~band power, power (kb,J) (where sh-3 < kb £
sb), to perform the computation in Expression (2) described
above, and calculates the pseudo high frequency sub-band
power, poweest(ib,J).
[0308]

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

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

band power estimating coefficients are prepared beforehand.



SP248477 [0341]  Thus, upon the sub-band of the low frequency block in the same position relation
as the sub-band of interest having been identified, the low frequency sub-band power and decoded
low frequency sub-band signal of the sub-band thereof, and the decoded high frequency sub-band
power of the sub-band of interest, are used to generate the high frequency sub-band signal of the
sub-band of interest. [0342]  That is to say, the decoded high frequency sub-band power and low
frequency sub-band power are substituted in the Expression (3), and a gain amount according to the
ratio of the powers thereof is calculated. The calculated gain amount is multiplied by the decoded low
frequency sub-band signal, and further the decoded.low frequency sub-band signal which has been
multiplied by the gain amount is subjected to frequency modulation with the conf{fi#4fiéri In Expression
(6), and becomes the high frequency sub-band signal of the sub-band of interest. [0343]  With the
processing abové iz higpefreqiency sab-bdh & sidpadd=dbtaingd forespsimhighsfrbebemcy side
sub-band. Subsequentl¥, the decoded high frequency signal generating circuit 47 further performs

computatior W EXpfESsIOH: 7 de Stbet ab60: Finds theP SOt the Ybtdhedii&iols high - 123 -

SP248477 freguencyssulshand signals, apghganeraies the.decaded highirequency signal. The
decoded high frequency signal generating circuit 47 supplies the obtained decoded high frequency

signal to thel§ithésizing circuit 48, and the processing is advanced to step 3217 through step 5218.
[0344] In step 8186, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the pseudo high
frequency sub-band power difference, based on the high
frequency sub-band signal from the sub-band dividing circuit
33 and the pseudo high freguency sub-band power from the
pseudo high frequency sub-band power calculating circuit 35.
[0311]

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

[0312]

Next, the pseudo high frequency sub-band power

difference calculating circuit 36 performs calculation

similar to that in Expression (14) described above, and

finds the difference between the high frequency sub-bkand



In step 5218, the synthesizing circuit 48 synthesizes the decoded low frequency signal from the low
frequency decoding circuit 42 and the decoded high frequency signal form the decoded high frequency
signal generating circuit 47, and outputs this as an output signal. Subsequently, the decoding
processing is then ended. [0345] As described above, according to the decoding device 40, a
coefficient index is obtained from the high frequency encoded data which is obtained by demultiplexing
the input code string, and the decoded high frequency sub-band power estimating coefficient shown by
the coefficient index thereof is used to calculate decoded high frequency sub-band power, whereby the
estimating precision for the high frequency sub-bahé power can be improved. Thus, music signals can
be played with greater sound quality. [0346] <4. Fourth Embodiment> [Encoding P2é&dssing of
Encoding Device] - 124 - SP248477

power, power (ib,J) in frame J, and the pseudo high freguency

sub-band power, poweres({ib,J). Thus, for each decoded high
frequency sub-band power estimating coefficient, a pseudo
high frequency sub-band power difference, powergss{ib,J), is
cbtained for each high frequency side sub-band wherein the
index is sb+l through eb.

[0313]

In step 8187, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the follewing
Expression (15) for each decoded high frequency sub-band
power estimating coefficient, and calculates the sguare sum
of the pseudo high frequency sub-band power difference.
[6314]

[Expression 15]
eb 9
E(J, id) = 2 {poweryi¢ (ib, J, id)] v« (15)
ib=sh+1
[G315]

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

frame J of the sub-band wherein the index is ib, which is



Also, an example is described above of a case wherein only the coefficient index is included in the
high frequency encoded data, but other information may be included. [0347]  For example, if the
coefficient index is included in the high frequency encoded data, the decoded high frequency sub-band
power estimating coefficient, which obtain the decoded high frequency sub-band power nearest the
high frequency sub-band power of the actual high frequency signal can be known at the decoding
device 40 side. [0348] However, a difference of roughly the same value as the pseudo high
frequency sub-band power difference, powerdiff(ib,J), calculated with the pseudo high frequency
sub-band power difference calculating circuit 36, btédurs in the actual high frequency sub-band power
(true value) and the decoded high frequency sub-band power (estimated value) ®bdifed at the
decoding device 40 side. [0349]  Now, if not only the coefficient index, but also pseudo high
frequency stiBihdipswERdifferendediveah sutedantdy irslbdédndteonigh frequency encoded

data, the general errar of the oded hi hafre uency sub-bapd power as to the actual high frequency
SeSaT G o &gvigée4§ é—“lﬁg.‘gﬁ'ﬁﬁs?ﬁwel@gt%aﬁt?n]p‘?ecision for -

sub-band power can beknown at the decd
125 - SP2484%/ thenhigh fseguerey gulehand,pawet can besfurther improved.ésirg this error. [0350]

each of X decoded high frequency sub-band power estimating
coefficients.
[0316]

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

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

deceding an cutput code string.



The encoding processing and decoding processing in the case of a pseudo high frequency sub-band
power difference being included in the high frequency encoded data will be described below with
reference to the flowcharts in Fig. 22 and Fig. 23. [0351]  First, encoding processing performed with
the encoding device 30 in Fig. 18 will be described with reference to the flowchart in Fig. 22. Note that
the processing in step S241 through step S246 is similar to the processing in step 3181 through step
S186 in Fig. 19, so description thereof will be omitted. [0352]  In step 3247, the pseudo high
frequency sub-band power difference calculating circuit 36 performs computation of the
above-described Expression (15), and calculatesihé sum of squared difference E(J,id) for each
decoded high frequency sub-band power estimating coefficient. [0353]  The p32Rdé4iigh frequency
sub-band power difference calculating circuit 36 selects a sum of squared differences that has the
smallest valié ¥ #ie sums of squared - 126 - SP248477 differences (J,id), and supplies, to the high
frequency encodinghcircuit 37, the coefficient index showing the decoded high frequency sub-band

power estimating Coeticieht Soh e pdRdIHE b PSR s otiad 2iferRAEEE thereof. [0354]
Further, the peeddodiig freguanceysubyband pawersdifrance calehlating. AL g8 supplies the

pseudo high frequency sub-band power difference powerthff(ib,J) for each sub-band, found for the
decoded highifféguerncyesub-baritepswenmestimatingucoefficient cerrespendngipithe sefected sum of
squared diﬁ%aeinggstﬁ%thveamxg@h ng%ggcgggi:ggisngcig%lgt ?;Z{pplies the

coefficient index indicating the decoded high frequency sub-

band power estimating coefficient corresponding to the sum

of squared.diffe:ences thereof, to the high frequency

encoding circuit 37.

[0319]

In step 5188, the high freguency enceding circuit 37
encodes the coefficient index supplied from the pseudo high
frequency sub-band power difference calculating circuit 36,
and supplies the high freguency encoded data obtained as a
result thereof to the multiplexing circuit 38.

[0320]

For example, in step S188, entropy encoding or the like
is performed as to the coefficient index. Thus, the
information amount of high freguency encoded data output to
the decoding device 40 can be compressed. Note that the
high frequency encoded data may be any sort of information
as long as the information can obtain an optimal decoded
high freguency sub-band power estimating coefficient, and

for example, the coefficient index may be used as high

frequency encoded data, without change.



[0355] In step S248, the high frequency encoding circuit 37 encodes the coefficient index and
pseudo high frequency sub-band power difference, supplied from the pseudo high frequency sub-band
power difference calculating circuit 36, and supplies the high frequency encoded data obtained as a
result thereof to the multiplexing circuit 38. [0356]  Thus, the pseudo high frequency sub-band
power difference for each sub-band at the high frequency side, wherein the index is sb+1 through eb,
i.e. the estimating error on the high frequency sub-band power, is supplied as high frequency encoded
data to the decoding device 40. - 127 - SP248477 [0357]  Upon the high frequency encoded data
having been obtained, subsequently, the processhkig in-step S249 is performed and encoding
processing is ended, but the processing in step 3249 is similar to the processing Festep/3189 in Fig.
19 so description thereof will be omitted. [0358]  As described above, when the pseudo high
frequency suBdEhd power difference is included in the high frequency encoded data, the estimating
precision of the higplfreguen§¥859ub-band ower can be further improved at the decoding device 40,

and music signals'Witf? r&ater SUntr Guaiity tAR 15 oBfhifed. 18350 D BCdding Frdtssing of

Decoding Deyige] ow frequency encoded data supplied from the low
frequency enceoding circuit 32 and the high frequency encoded
data supplied from the high freguency enceding circuit 37,
outputs the output code string obtained as a result thereof,
and ends the encoding processing.

{0322]

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

[0323]
[Functiconal Configuration Example of Decoding Device]

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

cmitted.



Next, the decoding processing performed with the decoding device 40 in Fig. 20 will be described with
reference to the flowchart in Fig. 23. Note that the processing in step S271 through step 3274 is similar
to the processing in step S211 through step 3214 in Fig. 21, so description thereof will be omitted.
[0360] In step S275, the high frequency decoding circuit 45 performs decoding of the high
frequency encoded data supplied from the demultiplexing circuit 41. The high - 128 - SP248477
frequency decoding circuit 45 then supplies the decoded high frequency sub-band power estimating
coefficient indicated by the coefficient index obtained by decoding, and the pseudo high frequency
sub-band power difference of each sub-band obtained-by decoding, to the decoded high frequency
sub-band power calculating circuit 46. [0361] In step S276, the decoded highgrequsaricy sub-band
power calculating circuit 46 calculates the decoded high frequency sub-band power, based on the
feature amoufBa4piplied from the feature amount calculating circuit 44 and the decoded high
frequency sub-band power estimating coefficient supplied from the high frequency decoding circuit 45.

Note that in step 3278, PREQESHE SrRitaetolthat n Ekp S896 15 Fig2 BATSeAsIEE. [0362]  In
step 5277, g Sesorgaigh fecency suyband payer calguaing, i 45 g e peeudo g
plie r

frequency sub-band power difference supplied from the hig eaaencyaecogﬁﬁrégcwcwt 45 to the

decoded higifrequency sebbantpewendses thisias te final slegodedaighfregueancyngub-band
power, and supplies this to the decoded high frequency signal generating circuit 47. That is to say, to

the decodedFAfRdtequehcyPsth-Bahtrsswer £ ddvh E5earied sBpBatl Aadded te pseudo high
ﬂequenoys%@*@@gﬂx%ﬁgrpoint that the decoded low frequency signal from

the low frequency decoding circuit 42 is not supplied to the
feature amount calculating circuit 44,
{0325]

At the deccding device 40 in Fig. 20, the high
frequency decoding circuit 45 records beforehand the same
decoded high frequency sub-band power estimating coefficient
as the decoded high frequency sub-band power estimating
coefficient recorded by the pseudc high frequency sub-band
power calculating circuit 35 in Fig. 18. That is to say, a
set of the coefficient A;(kb) and coefficient Bi, serving as
the decoded high frequency sub-band power estimating
coefficient found by the regression analysis beforehand is
correlated to the cecefficient index and recorded. -

{0326]

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

index obtained as a result thereof to the decoded high



- 129 - SP248477 difference of the same sub-band. [0363]  Subsequently, processing in step 3278
and step 3279 is performed and the decoding processing is ended, but the processing herein is the
same as that in step 3217 and step S218 in Fig. 21, so description thereof will be omitted. [0364]

As described above, the decoding device 40 obtains the coefficient index and pseudo high frequency
sub-band power difference from the high frequency encoded data obtained by the demultiplexing of
the input code string. The decoding device 40 then calculates the decoded high frequency sub-band
power, using the decoded high frequency sub-band power estimating coefficient indicated by the
coefficient index and the pseudo high frequeney gab-band power difference. Thus, estimation
precision of the high frequency sub-band power can be improved, and music sigridg gane played
with greater sound quality. [0365]  Note that the difference in estimated values of the high frequency
sub-band pdwedoecwyingrethmeh thevemcadihguevice:30 ahdcdedoding device 40, i.e. the difference
in the pseudo _high frequency sub-band power and decoded high frequency sub-band power (hereafter
called intra—&g\;igg}estimation difference) may be considered. - 130 - SP248477 [0366]

[Deceding Processing of Decoding Device]

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

[0328]

The decoding processing is started upon the cutput code
string cutput from the encoding device 30 being supplied as
an input cecde string to the decoding device 40. Note that
the processing in step 5211 through step S213 is similar to
the processing in step $131 through step S$133 in Fig. 14, so
description thereof will be omitted.

[(0329]

In step 5214, the feature amount calculating circuit 44
uses the decoded low frequency sub-band signal from the sub-
band dividing circuit 43 to calculate the feature amount,
and supplies this to the decoded high frequency sub-band
power calculating circuit 46. Specifically, the feature
amount calculating circuit 44 performs computation ¢f the
above-described Expression (1), and calculates the low
frequency sub—band power, power{ib,J) cf the frame J (where
0 £ J) as the feature amount, for the various low fregquency
side sub-bands ib.

[0330}



In such a case, for example, the pseudo high frequency sub-band power difference serving as the high
frequency encoded data may be corrected with the intra-device estimation difference, or the
intra-device estimation difference may be included in the high frequency encoded data, and the
pseudo high frequency sub-hand power difference may be corrected by the intra-device estimation
difference at the decoding device 40 side. Further, the intra-device estimation difference may be
recorded beforehand at the decoding device 40 side, where the decoding device 40 adds the
intra-device estimation difference to the pseudo high frequency sub-band power difference, and
performs corrections. Thus, a decoded high frequérgcy-signal closer to the actual high frequency signal
can be obtained. [0367] <5. Fifth Embodiment>  Note that the encoding devicgF3a@ ## Fig. 18 is
described such that the pseudo high frequency sub-band power difference calculating circuit 36
selects, as the sufrofedeuarédldiffegrecdsi B, it ep-an mdicatorddmoptimat sitm 6f squared
differences from multiple coefficient indices, but an_indicator different from a sum of squared

differences Ry BETBeUT6XEIE& RS (SSHLRAR indSE e DSy - SPUMB7 PRIFe8]  For example, an
evaluation value that considersdhe fquare mean value,smaximun.value, and mean yalue and so forth

of the residual difference between the high frequency sub-band power and pseudo high frequency
sub-band pdWwer denobedsetas theemdicatpr saiselectdhe coefficeent index.rlg such a case, the

encoding device 30 in Fig. 18 performs encodin gg{ogessing shown in the flowchart in Fig. 24. [0369]
The encodiff§ ProcEsSIYg with e é“ﬁ’c&dﬂiﬁg%‘é%% S0 e dErMREPESIBY *fthFeference to the

flowchart in Fig.24. Nate ot the pracessingdn $ten JR0E farqugh srep, 3305 issigyilar jo the
processing in step S181 through step S185 in Fig. 19, so description thereof will be omitted. Upon the
processing redtepl330hthroughistep S305 Tiaving. been pesfoymefl, the pseudogiigh frequency
sub-band power for each sub-band is calculated for each of K decoded high frequency sub-band

power estinfMFEseMiRht< T8976RCY 15 Rep WO THE hseilddMdH fdquency sub-band power
difierence calgulating cirault 36 alcilates.an evgluation vali Res(id 9,using,he current frame J

which is subject to processing, for each of K decoded high frequency sub-band power estimating
coefficientsdecoding circuit 45, the decoded high frequency sub-band

power estimating coefficient shown in the coefficient index
cbtained by decoding is output.
[0331]

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

[G332]

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

power calculating circuit 46 uses the coefficients A, (kb)

and Bip serving as the decoded high freguency sub-band power



[0371] - 132 - SP248477 Specifically, the pseudo high frequency sub-band power difference
calculating circuit 36 uses the high frequency sub-band signal for each sub-band supplied from thg
sub-band dividing circuit 33 to perform computation similar to that in the above-described Expression
(1), and calculates the high frequency sub-band power, power(ib,J) in frame J. Note that according to
the present embodiment, all of the sub-bands of the low frequency sub-band signals and the
sub-bands of the high frequency sub-band signals are identified using the index ib. [0372] Upon
the high frequency sub-band power, power(ib,J) having been obtained, the pseudo high frequency
sub-band power difference calculating circuit 36 ddlgutates the following Expression (16), and
calculates the residual mean square value Resstd(id,J). [0373] [Expression 16] SP248477
Resstd(id,J)=power(ib,J)--powerest(ib, id,J)12 ib=sb 1 (16) [0374]

estimating coefficients, and the low frequency sub-band

power, power{kb,J), (where sb-3 < kb < sb) as the feature

amount, to perform the computation in the above-described

Expression (2), and calculates the deccded high freguency

sub-band power. Thus, a decoded high frequency sub-band

power is cobtained for each high frequency side sub-band

wherein the index is sb+l through eb.

[C333]

In step 8217, the decocded high frequency signal

generating circuit 47 generates a decoded high frequency

signal, based on the decoded low frequency sub-band signal

supplied from the sub-band dividing circuit 43 and the

decoded high frequency sub-band power supplied from the

decoded high frequency sub-band power calculating circuit 46.

[0334]

Specifically, the decoded high freguency signal

generating circuit 47 performs the computation in the above-

described Expression (1), using the decoded low freguency

sub-band signal, and calculates the low fregquency sub-band

power for each low freguency side sub-band. The deccded

high freguency signal generating circuit 47 then uses the

obtained low frequency sub-band power and decoded high

frequency sub-band power to perform computation of the

above-described Expression (3), and calculates a gain amount

G(ib,J) for each high frequency side sub-band.



That is to say, for each sub-band at the high frequency side wherein the index is sb+1 through eb, the
difference of the high frequency sub-band power, power(ib,J) of the frame - 133 - SP248477 J and the
pseudo high frequency sub-band power, power,ft(ib,id,J) is found, and the square sum of the
difference thereof becomes the residual mean square value Ressi4(id,J). Note that the pseudo high
frequency sub-band power, power,ft(ib,id,J), represents a pseudo high frequency sub-band power of
the frame J of a sub-band wherein the index is ib, which is found for a decoded high frequency
sub-band power estimating coefficient wherein the coefficient index is id. [0375]  Next, the pseudo
high frequency sub-band power difference caleulaging-eircuit 36 calculates the following Expression
(17), and calculates the residual maximum value Res",,"(id,J). [0376] [ExpressiagP2ABR23nax (i d, J)
=Ipower (ib, J) -powerest (i b, id, %)i] - (17) [0377]
[0335]
Further, the decoded high freguency signal generating
circuit 47 uses the gain amount G{ib,J) and the decocded low
frequency sub-band signal to perform computation of the
above-described Expression (5) and Expressiocn (6), and
generates a high frequency sub-band signal x3{ib,n) for each
high frequency side sub-band.
[0336]
That is to say, the decoded high frequency signal
generating circuit 47 subjects the decoded low frequency
sub-band signal x(ib,n) tc amplitude adjustment, according
to the ratioc of the low fregquency sub-band power and decoded
high frequency sub-band power, and as a result thereof,
further subjects the obtained decoded low frequency sub-band
signal x2{ib,n) to freguency modulation. Thus, the signal
of the low frequency side sub-band frequency compcnent is
converted to a frequency component signal of the high
frequency side sub-band, and a high frequency sub-band
signal x3(ib,n) is obtained.
[0337]
The processing that thus obtains the high frequency
sub-band signals for each sub-band is as described below in
greater detail.

[0338]

Let us say that four sub-bands arrayed continucusly in



Note that in Expression (17), maxibupower(ib,J)- powerest(ib,id,J)11 represents the greater of the
absolute values of the difference between the high frequency sub-band power, power(ib,J), of each
sub-band wherein the index is sb+1 through eb, and the pseudo high frequency sub-band power,
power"t(ib,id,J). Accordingly, the maximum value of - 134 - SP248477 the absolute values of the
difference between the high frequency sub-band power, power(ib,J), in frame J and the pseudo high
frequency sub-band power, powerest(ib,id,J), becomes the residual maximum value Res.(id,J). [0378]
Also, the pseudo high frequency sub-band power difference calculating circuit 36 calculates the next
Expression (18), and calculates the residual meah2alae Res",(id,J). [0379] [Expression 18]
Resue(id,J)==Ifpower(ib,J)--powerest(ib, id,J)| Vb=sb+1 Reb--sb) I- (1 8) SP248477

a frequency region is called a band block, and a frequency
band is divided so that cne band block (hereafter
particularly called low frequency block) is made up of four
sub-bands wherein the indices on the low frequency side are
sb through sb-3. At this time, for example, the band made
up of sub-bands wherein the indices on the high frequency
side are sb+l through sb+4 is considered one band block.
Note that hereafter, a band block on the high frequency side,
i.e. made up of sub-bands wherein the indices are sb+l or
greater, is particularly called a high fregquency block.
£0339]

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

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

index is sb-3.



[0380] That is to say, for each sub-band at the high frequency side wherein the index is sb+1
through eb, the difference between the high frequency sub-band power, power (ib,J) of frame J, and
the pseudo high frequency sub-band power, powerest(ib,id,J) is found, and the sum total of these
differences is found. The absolute value of the values obtained by dividing the obtained sum of
differences by the number of sub-bands (eb-sb) at the high frequency side becomes the residual mean
value Res"(id,J). The residual - 135 - SP248477 mean value Resava(id,J) herein represents the size
of the mean values of the estimated difference of various sub-bands of which the sign has been taken
into consideration. [0381] Further, upon obtainiry the residual mean square value Resatd(id,J),
residual maximum value Resmax(id,J), and residual mean value Resave(id,J), thezgsetito high
frequency sub-band power difference calculating circuit 36 calculates the following Expression (19),
and calculate8®ifinal evaluation value Res(id,J). [0382] [Expression 19] Res (Id, J) =Resstd (i d, J)
+Wmax x Res. (id, J) +Wave x Res"e (id, J) .
Thus, upon the sub-band of the low frequency block in

the same position relation as the sub-band of interest
having been identified, the low fregquency sub-band power and
decoded low frequency sub-band signal of the sub-band
thereof, and the deccded high frequency sub-band pecwer of
the sub-band of interest, are used to generate the high
frequency sub-band signal of the sub-band of interest.
[0342]

That is to say, the deccded high fregquency sub-band
power and low frequency sub-band power are substituted in
the Expression (3), and a gain amount according te the ratio
of the powers thereof is calculated. The calculated gain
amount is multiplied by the decoded low frequency sub-band
signal, and further the decoded low frequency sub-band
signal which has been multiplied by the gain amount is
subjected to frequency modulation with the computation in
Expression (6), and becomes the high frequency sub-band
signal of the sub-band of interest.
[0343]

With the processing above, a high frequency sub-band
signal is obtained for each high frequency side sub-band.
Subsequently, the decoded high frequency signal generating

circuit 47 further performs computation in Expression (7)

described above, finds the sum of the obtained various high



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

frequency sub-band signals, and generates the decoded high
fregquency signal. The decoded high frequency signal
generating circuit 47 supplies the obtained decoded high
freguency signal to the synthesizing circuit 48, and the
processing is advanced to step S217 through step S218.
[0344]

In step S218, the synthesizing circuit 48 synthesizes
the decoded leow fregquency signal from the low frequency
decoding circuit 42 and the decoded high frequency signal
form the decoded high frequency signal generating circuit 47,
and cutputs this as an output signal. Subsequently, the
deccding processing is then ended.

[0345]

As described above, according to the decoding device 40,
a coefficient index is obtained from fhe high freguency
enceded data which i1s obtained by demﬁltiplexing the input
code string, and the decoded high frequency sub-band power
estimating cocefficient shown by the coefficient index
theresof is used to calculate decoded high frequency sub-band
power, whereby the estimating precision for the high
frequency sub-band power can be improved. Thus, music
signals can be played with greater sound quality.
[0346]
<4. Fourth Embodiment>

[Encoding Preocessing of Encoding Device]



In step S307, the pseudo high frequency sub-band power difference calculating circuit 36 selects a
coefficient index id, based on the evaluation value Res(id,J) for each found coefficient index id. [0386]
The evaluation value Res(id,J) obtained with the above processing indicates the degree of similarity
between the high frequency sub-band power calculated from the actual high frequency signal, and the
pseudo high frequency sub-band power calculated using the decoded high frequency sub-band power
estimating coefficient wherein the coefficient index is id. That is to say, this shows the size in high
frequency component estimating error. [0387]  Accordingly, the smaller that the evaluation value
Res(id,J) is, a decoded high frequency signal willimstobtained that is closer to the actual high
frequency signal, due to computation using the decoded high frequency sub-barsd pesset estimating
coefficient. Thus, the pseudo high frequency sub-band power difference calculating circuit 36 selects
an evaluation valuriwherein, ektepKeveduatione=113:4- SP2M84F7 \waluas KReaafishk-2) the value is
minimum, and supplies, to the high frequency enco_ding circuit 37, the coefficient index indicating the

decoded hig‘PPf}é’qlE@ﬁcfgﬁgﬁéﬁgFﬁﬁw&%%ﬁnﬁi ﬁ@i@n%EoﬁE@pBﬁﬁf‘hgftéetﬁ’éeé’f@ue}tion value
thereof. [03%%](:odggo&]atggfc%qgmg%glde_% |Plga%g§%t ]tfr?a@]eb%gg nf(r: quency encoding circuit 37,

subsequently the processing in step 5308 and step are‘performe and the encoding processing
is ended, but taigprocessing is similar to that in step 5188 and step 5189 in Fig. 19, so description
thereof will be omitted. [0389]

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

[0348B]

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

[03489]

Now, if not only the cecefficient index, but alsc pseudo
high fregquency sub-band power difference of each sub-band is
included in the high frequency encoded data, the general
error of the decoded high freguency sub-band power as to the

actual high freguency sub-band power can be known at the

decoding device 40 side. Thus, the estimation precision for



As shown above, with the encoding device 30, the evaluation value Res(id,J) calculated from the
residual mean square value Ressui(id,J), residual maximum value Resmax(id,J), and residual mean
value Resave(id,J) is used, and an optimal coefficient index for the decoded high frequency sub-band
power estimating coefficient is selected. [0390] By using the evaluation value Res(id,J), estimation
precision of the high frequency sub-band power can be evaluated using more evaluation scales as
compared to the case of using the sum of squared differences, whereby an more proper decoded high
frequency sub-band power estimating - 138 - SP248477 coefficient can be selected. Thus, with the
decoding device 40 which receives input of the-ouggut-code string, a decoded high frequency sub-band
power estimating coefficient that is optimal for the frequency band extending presesstig tan be
obtained, and signals with greater sound quality can be obtained. [0391] <Modification 1>  Also, by
performing theeecarhing prguessingsdésorined alvone-foraachanput sigaal frapieyweasfficient indices
that differ for each consecutive frame may be selected at a constant region having little temporal
variance of e RfghtreéGuén&P Eub-band power for each high frequency side sub-band of the input

signal. [0392} 3505

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

[0351]

First, encoding processing performed with the encoding
device 30 in Fig. 18 will be described with reference to the
flowchart in Fig. 22. Note that the processing in step 8241
through step $246 is similar to the processing in step $181
through step S186 in Fig. 18, so description thereof will be
omitted.

[0352]

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

[0353]

The pseudo high frequency sub-band power difference

calculating circuit 36 selects a sum of squared differences

that has the smallest value of the sums of sguared



That is to say, with consecutive frames that make up a constant region of the input signal, the high
frequency sub-band power is approximately the same value of each frame, so for these frames the
same coefficient index should be selected continuously. However, in segments of these consecutive
frames, the coefficient index selected by frame can change, and consequently, the high frequency
component of audio played at the decoding device 40 side can cease to be constant. Discomfort from
a listening perspective can occur from the played audio. - 139 - SP248477 [0393] Now, in the case
of selecting a coefficient index with the encoding device 30, estimation results of the high frequency
component with the frame that is temporally previ®is may also be considered. In such a case, the
encoding device 30 in Fig. 18 performs the encoding processing shown in the flemghan’in Fig. 25.
[0394] The encoding processing with the encoding device 30 will be described below with reference to
the flowchardirf Feg 25:dNotethatiihe processing irestep:333hthmough stepiddk-is similar to the
processing in step 5301 through step 5306 in Fig. 24, so description thereof will be omitted. [0395]

In step 5337F1A8 PSaUdDHiGH eqUendy Sub Rt SawBE ditfRrerics Baitimaitd ircuit 36 calculates
the eVa'Uati%’ér\,’é&f‘dRﬁ§E}@dee@@éHéﬁs&Bgﬁﬁﬁﬁﬁmﬁo@a%dgclé@?%ﬁ@”h‘?eg%%ggfic:‘?e%%dﬁcally’ the

pseudo high frequency sub-band power difference calculating circuit 36 s the pseudo high
frequency subsbarrbpawénforteadhsubdrand; chiameddusing the decededigh frequency sub-band
power estimatinrg coefficient of the coefficient index finally selected for the frame (J-1) that is
temporally me prior to the frame J to be processed. Now, the finally selected

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

[0355]

In step S248, the high freqguency encoding circuit 37
encodes the coefficient index and pseudo high freguency sub-
band power difference, supplied from the pseudo high
frequency sub-band power difference calculating circuit 36,
and supplies the high frequency encoded data obtained as a
result therecf to the multiplexing circuit 38.

[0356]

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

high frecuency encoded data to the decoding device 40.



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

SP248477

[0357]

Upon the high frequency encoded data having been
obtained, subsequently, the processing in step 5249 is
performed and encoding processing is ended, but the
processing in step $249 is similar to the processing in step
5189 in Fig. 19 so description thereof will be omitted.
[0358]

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

[0359]
[Decoding Processing of Decoding Device]

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

[0360]

In step 5275, the high frequency decoding circuit 45

performs decoding of the high freguency encoeded data

supplied from the demultiplexing circuit 41. The high



[Expression 20] eb ResPste ( d,=tpowe rest ( b, i dee | acted (J-1) , J-1) ibr-sb+1 -powerest (i b, d,
J)}2(20) [0400] - 141 - SP248477 side wherein the index is sb+1 through eb, the difference is found
between the pseudo high frequency sub-band power, power,ft(ib,idseact(3d(J-1),J-1) of the frame (J-1)
and the pseudo high frequency sub-band power, powerest(ib,id,J) of the frame J. The square sum of
the difference thereof then becomes the estimated residual mean square value ResPri(id,J). Note that
the pseudo high frequency sub-band power, powerest(ib,id,J), represents the pseudo high frequency
sub-band power of the frame J of a sub-band wherein the index is ib, which is found for the decoded
high frequency sub-band power estimating coefficiEmntwherein the coefficient index is id. [0401]  The
estimated residual mean square value ResPstd (id,J) herein is a sum of squaredsifferentes of the
pseudo high frequency sub-band power between temporally consecutive frames, whereby the smaller
the estimatétt eesidnalymeancstiuayeaiatae ResPstd{h Jkispiile lessitempirababange dere will be in
the high fre(%uency component estimated value.
reqguency sub-band power estimating coefficient indicated by
the coefficient index obtained by decoding, and the pseudo
high frequency sub-band power difference of each sub-band
obtained by decoding, to the decoded high freguency sub-band
power calculating circuit 46.
03617
In step 8276, the decoded high frequency sub-band power
calculating circuit 46 calculates the decoded high freguency
sub-band power, based on the feature amount supplied from
the feature amount calculating circuit 44 and the decoded
high frequency sub-band power estimating coefficient
supplied from the high frequency decoding circuit 45. Note
that in step 8276, processing similar to that in step S216
in Fig. 21 is performed.
[0362]
In step 8277, the decoded high freguency sub-band power
calculating circuit 46 adds the pseudo high frequency sub-
band power difference supplied from the high freguency
decoding circuit 45 to the decoded high frequency sub-band
power, sets this as the final decoded high frequency sub-
band power, and supplies this to the decoded high freguency
signal generating circuit 47. That is to say, to the

decoded high frequency sub-band power for each calculated

sub-band is added the pseude high freguency sub-band power



[0402] Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
the following Expression (21), and calculates an estimated residual maximum value ResP,..(id,J). -
142 - SP248477 [0403] [Expression 21] ResPmax(id, J) = maxlb { | POVie rest(jb, dse ected (J-1) ,
J-1) -powerest b, d,- - - (21) [0404] Note that in Expression (21), idseiectea represents the greater of
the absolute values of the difference between the pseudo high frequency sub-band power,
powerest(ib,idselected (J-1),J-1) of each sub-band wherein the index is sb+1 through eb, and the
pseudo high frequency sub-band power, power.t(ib,id,J). Accordingly, the maximum value of the
absolute values of the difference in the pseudo-highefrequency sub-band power between temporally
consecutive frames becomes the estimated residual maximum value ResPinax(ik 3% §@405]

difference of the same sub-band.
[0363]

Subsegquently, processing in step S278 and step S$279 is
performed and the decoding processing is ended, but the
processing herein is the same as that in step S217 and step
5218 in Fig. 21, so description thereof will be omitted.
[0364]

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

[0365]

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

estimation difference) may be considered.



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

- 130 -
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[0366]

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

{63671
<5. Fifth Embodiment>

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

may be used to select the coefficient index.



ib=sb+1 ResPave (id, J) = -powerest (I b, id, J) I/ (eb-sb) 1 )- (22) [0408] That is to say, for each
sub-band at the high frequency side wherein the index is sb+1 through eb, the difference is found
between the pseudo high frequency sub-band power, power,ft(ib,idselected(J-1),J-1) of the frame (J-1)
and the pseudo high frequency sub-band power, power"t(ib,id,J) of the frame J. The absolute value of
the value obtained by dividing the sum of differences in the various sub-bands by the number of
sub-bands at the high frequency side (eb-sb) becomes the estimated residual mean value ResP"(id,J).
The estimated residual mean value ResP"(id,J) herein represents the mean size of the difference in
the estimated values of the sub-bands between ft@mnes of which the sign is taken into consideration.
[0409] SP248477

[0368]

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

In such a case, the encoding device 30 in Fig. 18 performs
encoding processing shown in the flowchart in Fig. 24.
[0369]

The encoding processing with the encoding device 30
will be described below with reference to the flowchart in
Fig. 24. Note that the processing in step S301 through step
5305 is similar to the processing in step S181 through step
8185 in ¥ig. 19, so descriptién therecf will be omitted.
Upon the processing in step S$301 through step 3305 having
been performed, the pseudo high frequency sub-band power for
each sub-band is calculated for each of K decoded high
frequency sub-band power estimating coefficients.

F0370]

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

[0371]



- 194 - SP248477 Further, upon obtaining the estimated residual mean square value
ResPstd(id,J), estimated residual maximum value ResPimax(id,J), and estimated residual mean value
ResPm,e(id,J), the pseudo high frequency sub-band power difference calculating circuit 36 calculates
the following Expression (23), and calculates the evaluation value ResP(id,J). [0410] [Expression 23]
ResP (id, J) =ResPatd (i d,+Wmax X ResP,,,a), (id, J) +Wa" X ResPave (i d,- - (23) [0411] That
is to say, the estimated residual mean square value ResPstd(id,J), estimated residual maximum value
ResFmax(id,J), and estimated residual mean value ResPave(id,J) are added with weighting, and
become the evaluation value ResP(id,J). Notethagin Expression (23), the Wmax and Wave are preset
weightings, and for example may be Wma, = 0.5, Wave ave = 0.5 or the like. [0422} 8477

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

[0372]

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

[0373]

[Expression 16]

eh
Ressta(id. J)= > {power (ib, J) —powerqs: (ib, id, J)}?

ib=gh+1 .- - (16)

[C374]

That is to say, for each sub-band at the high fregquency
side wherein the index is sb+l through eb, the difference of

the high frequency sub-band power, power{ib,J) of the frame



Thus, upon the evaluation value ResP(id,J) which uses a past frame and current frame having been
calculated, the processing is advanced from step S337 to step S338. [0413] In step S338, the pseudo
high frequency sub-band power - 145 - SP248477 difference calculating circuit 36 calculates the
following Expression (24), and calculates a final evaluation value Resall(id,J). [0414] [Expression 24]
Resaii (I d,J)=Res (id,J)+Yip (J) X ResP (id, J)-- (24) [0415] That is to say, the found evaluation
value Res(id,J)

- 133 -
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J and the pseudo high frequency sub-band power,
poweres:{ib,id, J) is found, and the square sum of the
difference thereof becomes the residual mean square value
Resgea{id,J). Note that the pseudo high freguency sub-band
power, poweres (ib,id,J), represents a pseudo high frequency
sub~-band power of the frame J of a sub-band wherein the
index 1s ib, which is found for a decoded high frequency
sub~-band power estimating coefficient wherein the
coefficient index is id.

[0375]

Next, the pseudo high freqguency sub-band power
difference calculating circuit 36 calculates the following
Expression {(17), and calculates the residual maximum value
Resnax (1d, J}) .

(03761
[Expression 17]
Respax (id, J) =maxip {|power (ib, J) —powerest (ib, id, )1}
< - (D),
[0377]

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

power, poweres:(ib,id,J). Accordingly, the maximum value of



and evaluation value ResP(id,J) are added with weighting. Note that in Expression (24), W(J) is a
weight that is defined by the following Expression (25), for example. [0416] [Expression 25] -power r
(J) 50+1(OLC- powerr (J) -C 50) Wp (J) = (otherwise)- (25) [0417] Also, the powerr(J) in Expression
(25) is a value defined by the following Expression (26). [0418] [Expression 26]
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the absolute values of the difference between the high
frequency sub-band power, power(ib,J), in frame J and the
pseudo high frequency sub-band power,.power“t(ib,id,J),
becomes the residual maximum value Resgp.,{id,J).

10378]

Also, the pseudo high frequency sub-band powser
difference calculating circuit 36 calculates the next
Expression (18), and calculates the residual mean value
ReSave (id, J) .

[0379]

[Expression 18]

eb
Resaye (id, J) =| 2. {power (ib, J) —powerest (ib, id, J)}
ib=sb+1

/ (eb—sh)| - - - {(18)

[0380]

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

becomes the residuazl mean wvalue Res.ye(id,J). The residual
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mean value Resaye(id,J) herein represents the size of the
mean values of the estimated difference of various sub-bands
of which the sign has been taken into consideration.

[0381]

Further, upon cobtaining the residual mean sgquare value
Resstg (1id, J), residual maximum value Resq..(id, J), and
residual mean value Res.w{id,J), the pseudo high freguency
sub-band power difference calculating circuit 36 calculates
the following Expressicn (19), and calculates a final
evaluation value Res(id,J).

[0382]

[Expression 19]

Res(id, J) =Resstq(id, J) +Wpax X Respay (id, J) +Waye X Res,ys (id, J)
- (19)

[0383]

That is to say, the residual mean square value
Resgsig (1d, J), residual maximum value Respax(id, J), and
residual mean value ResS,vw. (id,J) are added with weighting,
and become a final evaluation value Res(id,J). Note that in
Expression (19), the Wpax and Wave are preset weightings, and
for example may be Wuax = 0.5, Wawe = 0.5 or the like.
(03841

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

processing, and calculates the evaluaticn value Res(id, J)



/ (eb-sb)  (26) (0419] The power,(J) herein represents the average of the differences in the high
frequency sub-band power of the frame (J-1) and frame J. Also, from Expression (25), when W(J) is a
value in a predetermined range where power(J) is near 0, W(J) becomes a value closer to 1 as
power,(J) becomes smaller, and becomes 0 when power,(J) is a value greater than the predetermined
range. [0420] Now, in the case that the power,(J) is a value within
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for each of K decoded high fregquency sub-band power
estimating coefficients, i.e. for each of K coefficient
indices id.

[0385] _

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

[0386]

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

103873

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

selects an evaluation value wherein, of the K evaluation



the predetermined range near O, the average of difference of the high frequency sub-band power
between consecutive frames becomes small by a certain amount. In other words, temporal variation of
the high frequency components of the input signal is small, whereby the current frame of the input
signal is a constant region. [0421] The more steady the high frequency components of the input
signal are, the closer that the weighting W(J) is a value that becomes closer to 1, and conversely, the
more the high frequency components are not steady, the closer the - 147 - SP248477 value becomes
to 0. Accordingly, with the evaluation value Resan(id,J) shown in Expression (24), the less temporal
variation in the input signal high frequency companeénts, the greater the contributing ratio of the
evaluation value ResP(id,J), wherein the comparison result from the estimation sed#46fithe high
frequency components with the immediately preceding frame serve as the evaluation scale, becomes.
[0422] Coundegueiths (iith the cohstard Tegiohsofrtheimput, Sighdl, augecaded high fraguency
sub-band power estimating coefficient, which can obtain estimation results near the high frequency

components Hthe FGABAREEHSeadN far s stiectddsamPabdirdanbelpaped more naturally
with high sound;qualify, at the dscadingdevigs 40 Side. CopVersely. with g nag-constant region of the

input signal, the item for evaluation value ResP(id,J) in the evaluation value Resajd(id,J) becomes 0,
and a decodsd: hightfrequeneyf Signad thatds:cleserdodheqctual htigh dreguencycsigiabiscobtained.
therecf.
[0388]

Upcn the coefficient index being output to the high
frequency encoding circuit 37, subsequenﬁly the processing
in step 5308 and step S309 are performed and the encoding
processing is ended, but this processing is similar to that
in step 5188 and step S189 in Fig. 19, so description
thereof will be omitted.

[0389]

As shown above, with the encoding device 30, the
evaluation value Res({id,J) calculated from the residual mean
square value ResSgq(id,J), residual maximum value Resg.(id,J),
and residual mean value Resave (id,J) is used, and an optimal
coefficient index for the decoded high frequency sub-band
power estimating coefficient is selected.
£0390]

By using the evaluation value Res(id,J), estimation
precision of the high frequency sub-band power can be
evaluated using more evaluaticn scales as compared to the

case of using the sum of squared differences, whereby an

more proper decoded high freguency sub-band power estimating



[0423] The pseudo high frequency sub-band power difference calculating circuit 36 performs the
processing above, and calculates an evaluation value Resan(id,J) for each of K decoded high
frequency sub-band power estimating - 148 - SP248477 coefficients. [0424]  In step 3339, the
pseudo high frequency sub-band power difference calculating circuit 36 selects a coefficient index id,
based on the evaluation value Resan(id,J) for each decoded high frequency sub-band power
estimating coefficients that is found. [0425]  The evaluation value Resan(id,J) obtained with the
processing above linearly combines the evaluation value Res(id,J) and the evaluation value
ResP(id,J), using weighting. As described above; e smaller the value of the evaluation value
Res(id,J) is, a decoded high frequency signal can be obtained that is closer to tke agtuai-high
frequency signal. Also, the smaller the value of the evaluation value ResP(id,J) is, a decoded high
frequency signet canikeebtainedshalds<deser.to theidecedad high-fregusney sighal pfdhe
immediately preceding frame. [0426]  Accordingly, the smaller the evaluation value Resajd(id,J) is,
the more préferaéebded Frgty reqieRey sifhdltanthe phtainedeThES ioktheaK évahdktibn values
Resan(id, J) the pseudo h h fre ub-band power dlfference culating circuit 36 selects an
evaluation vanL?ehh%e{/m uﬁw ﬁ tg va%ée PaRa su%p%’ves%he g%lmen that s

optimal for the frequency band extending processing can be
obtained, and signals with greater sound guality can be
ocbtained.

[0391]

<Modification 1>

Also, by performing the encoding precessing described
above for each input signal frame, coefficient indices that
differ for each consecutive frame may be selected at a
constant region having little temporal variance of the high
frequency sub-band power for each high frequency side sub-
band cf the input signal.

[0382]

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

occur from the played audioc.



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

variations in the constant region of the high frequency components of the signal to be played can be -
150 - Now, in the case of selecting a coefficient index with

the encoding device 30, estimation results of the high
frequency component with the frame that is temporally
previous may also be considered. In such a case, the
encoding device 30 in Fig. 18 performs the encoding
processing shown in the flowchart in Fig. 25.

[0394]

The encoding processing with the encoding device 30
will be described below with reference to the flowchart in
Fig. 25. Note that the processing in step 3331 through step
5336 is similar toc the processing in step 3301 through step
5306 in Fig. 24, so description thereof will be omitted.
[0395]

In step 5337, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the evaluation
value ResP(id,J} that uses a past. frame and current frame.
[0396]

Specifically, the pseudc high fregquency sub-band power
difference calculating circuit 36 records the pseudc high
frequency sub-band power for each sub-band, obtained using
the decoded high frequency sub-band power estimating
coefficient of the coefficient index finally selected for
the frame (J-1) that is tempcrally one frame prior to the

frame J to be processed. Now, the finally selected



SP248477 suppressed at the decoding device 40 side, and a signal with greater sound quality can be
obtained. [0430] <Modification 2>  Now, with the frequency band extending processing, if a higher
sound quality for audio is to be obtained, the more the sub-bands at the low frequency side become
important from the listening perspective. That is to say, of the various sub-bands on the high frequency
side, the higher the estimating precision of the sub-band nearer the low frequency side is, the greater
is the audio quality that can be played. [0431]  Now, in the case that an evaluation value is
calculated for each decoded high frequency sub-band power estimating coefficient, the sub-bands on
the far low frequency side may be weighted. In.syeh a.case, the encoding device 30 in Fig. 18
performs encoding processing shown in the flowchart in Fig. 26. [0432]  Encagling phagessing by the
encoding device 30 will be described below with reference to the flowchart in Fig. 26. Note that the

processing inc¥ep 23 Ehthrongh:ster S376 iscaifilae fathe Preesssi in step-5334darough step S335
in Fig. 25, so description thereof will be omitted. - 151 - SP248477
by the high frequency encoeding circuit 37 and ocutput by the
decoding device 40.
[03%87]
Hereafter, we will say that the ceefficient index id
selected particularly in the frame (J~1) 15 idseciectea(J-1).
Also, the description will be continued where the pseudo
high frequency sub-band power of the sub-band having the
index of ib (where sb+l < ib < eb), obtained using the
deccoded high freguency sub-band power estimating coefficient
of the coefficient index idiejecres{d=1), as
POWeTrest (1D, 1dserectea {I-1), J-1) .
[0398]
The pseudo high fregquency sub-band power differeﬁce
calculating circuilt 36 first calculates the next Expression
(20), and calculates an estimated residual mean square value
ResParg(id, J) .
[03829]

[Expression 20]

eb
ResPsiq(id, J) = . Zf} ‘{Qowerest(ib, i dselected (d—1), d—1)
ib=sb+
—power st (ib, id, )} .- - (20)

[0400]

That is to say, for each sub-band at the high frequency



[0433] In step S376, the pseudo high frequency sub-band power difference calculating circuit 36
calculates an evaluation value ResW - band (id,J) using a current frame J to be processing,
for each of K decoded high frequency sub-band power estimating coefficients. [0434]  Specifically,
the pseudo high frequency sub-band power difference calculating circuit 36 uses the high frequency
sub-band signal of the various sub-band supplied from the sub-band dividing circuit 33 to perform
computation similar to that in the above-described Expression (1), and calculates the high frequency
sub-band power, power(ib,J) in the frame J. [0435]  Upon the high frequency sub-band power,
power(ib,J) having been obtained, the pseudo-high frequency sub-band power difference calculating
circuit 36 calculates the following Expression (27), and calculates a residual meanxgdueg 7
ResstdWband(id,J). [0436] [Expression 27] eb ReSstdWband (Ib. J) = Z Riband b) x {power (i b, J)
ib=sb+1 -powefesitBIHR- £%27)index is sb+l through eb, the difference is

found between the pseudo high frequency sub-band power,
pOWeres: (ib, idsetectea (F-1) , I~1) of the frame {J-1) and the
pseudo high fregqguency sub-band power, poweres(ib,id,J) of
the frame J. The square sum cf the difference therecf then
becomes the estimated residual mean sqguare value
ResPstq(id, J). Note that the pseudo high fregquency sub-band
power, powere.:(ib,1id,J), represents the pseudc high
frequency sub-band power cf the frame J of a sub-band
wherein the index is ib, which is found for the decoded high
frequency sub-band power estimating coefficient wherein the
coefficient index is id.

[0401]

The estimated residual mean square value ResP.,g (id, J)
herein is a sum of squared differences of the pseudo high
freguency sub-band power between temporally consecutive
frames, whereby the smaller the estimated residual mean
square value ResPsq (id,J) is, the less temporal change
there will be in the high freguency component estimated
value.

[G4cz2]

Next, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates the following
Expression (21), and calculates an estimated residual

maximum value ResPpax{id, J).



- 152 - SP248477 [0437] That is to say, for each high frequency side sub-band wherein the index
is sb+1 through eb, the difference between the high frequency sub-band power, power(ib,J) of the
frame J and the pseudo high frequency sub-band power, powerest(ib,id,J) is found, and weighting W
-band (ib) for each sub-band is multiplied by the difference thereof. The square sum of the difference
which is multiplied by the weighting W -band (ib) becomes the residual mean square
value ResstcMband(id,J). [0438] Now, the weighting wband (ib) (wherein sb+1ibeb) is defined by the
following Expression (28), for example. The closer to the low frequency side the sub-band is, the
greater the value of the weighting w -band (ib) betgmes.

SP248477

[0403]

[Expression 21]

ResPrax (id, J) =maxip {| powerest (ib, idse|ected (J—1), J—1)

—power et (ib, id, J) |} - - - 21

f0404]

Note that in Expression (21},
maxip{ |powerest (1b, idsetectea (T~1), J=1) ~poweres: (ib, id, J) | }
represents the greater of the absclute values of the
difference between the pseudo high frequency sub-band power,
POWeTres: (ib, idseiectea(J-1),IJ-1) of each sub-band wherein the
index is sb+l through eb, and the pseudc high freguency sub-
band power, poweres:(ib,id,Jd). Accordingly, the maximum
value of the absolute values of the difference in the pseudo
high frequency sub-band power between temporally consecutive
frames becomes the estimated residual maximum value
ResPpay {id, J}.

[C405]

The smaller that the value of the estimated residual
maximum value ResPp.,(id, J) is, the closer the estimation
results will be of the high frequency compcnents between
censecutive frames.

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

having been obtained, next the pseudo high freguency sub-



[0439] [Expression 28] Wband(lb) =-3 xib +4 7 (28) [0440] Next, the pseudo high frequency
sub-band power difference calculating circuit 36 calculates the residual maximum value Res w
max-band (id,J). Specifically, the maximum value of the absolute value of those which have had the
weighting W band (ib) multiplied by the difference of the high - 153 - SP248477
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band power difference calculating circuit 36 calculates the
following Expression (22), and calculates an estimated
residual mean value ResP.w(id, J).

[C407]

[Expression 22]

gb
ResPaye (id, J) = ‘ Z {Dowerest (ib, idsslected (J—1), J—1)
th=sh+1
—powerest (ib, id, J)} | / (eb—sb) | - - = (22)

[04C8]

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

[0409]



frequency sub-band power, power(ib,J), of the various sub-band wherein the index is sb+1 through eb
and the pseudo high frequency sub-band power, powerest(ib,id,J), becomes the residual maximum
value Res W max-band (id,J) . [0441] Also, the pseudo high frequency sub-band power difference
calculating circuit 36 calculates the residual mean value ResaveWband ( id, J) . [0442] Specifically, for
each sub-band wherein the index is sb+1 through eb, the differences between the high frequency
sub-band power, power(ib,J) and pseudo high frequency sub-band power, power"t(ib,id,J) are found
and multiplied by the weighting multiplied by the weighting Wband (ib) is found. The absolute value of
the value obtained by dividing the sum total of-diffdeenees obtained by the number of sub-bands
(eb-sb) at the high frequency side is the residual mean value ResaveWtana ( idS8L 444 3]
Further, the pseudo high frequency sub-band power difference calculating circuit 36 calculates the
evaluation value Resvther, uporbaind £ithdnd hehés tesdnmdhedunesf thetesidaal mean square
value ResstaWbana(id,J), residual maximum value Rest,,,Whasui(id,J) which has been multiplied by
the\Nekﬂﬂkﬁﬁuare value ResPsrg(id,J), estimated residual maximum value

Re8Prax (1id,J), and estimated residual mean value ResP.w.(id,J),

the pseudo high freguency sub-band power difference

calculating circuit 36 calculates the following Expression

(23), and calculates the evaluation walue ResP (id,J).

[0410]

[Expression 23]

lRESP ( l d, IJ) :RBSPstd ( | d, \D +Wmax x ReSPmax ( i d, \J)

+Wave X ReSPave (I d, J) .= (23)

[0411]

That is to say, the estimated residual mean square
value ResPstq(id, J), estimated residual maximum value
ResPrax (id, J}, and estimated residual mean value ResPaee (id, J)
are added with weighting, and become the evaluation value
ResP(id, J). Note that in Expression (23), the Wwx and Wive
are preset weightings, and for example may be Wpx = 0.5, Waee
= 0.5 or the like.
[0412]

Thus, upon the evaluation value ResP(id,J) which uses a
past frame and current frame having been calculated, the
processing is advanced from step S337 to step 8338.

[0413]

In step 5338, the pseudo high frequency sub-band power



- 154 - SP248477 Wmax r and the residual mean value ResaveW band (id,J) which has been
multiplied by the weighting W - ave is the evaluation value ResWband(id,J). [0444] In step 5377,
the pseudo high frequency sub-band power difference calculating circuit 36 calculates the evaluation
value ResPW - -band (id,J) that uses a past frame and current frame. [0445] Specifically, the
pseudo high frequency sub-band power difference calculating circuit 36 records the pseudo high
frequency sub-band power for each sub band, obtained using the decoded high frequency sub-band
power estimating coefficient of the coefficient index finally selected, for a frame (J-1) which is
temporally one frame preceding the frame J to-bé fbocessed.

SP248477

difference calculating circuit 36 calculates the following
Expression (24), and calculates a final evaluation value
Resayy (id, ).

[0414]

[Expression 24]

Resa) (id, J) =Res (id, J) +#, (J) XResP (id, J) - (20

[0415]

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

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

[0416]

[Expressicon 25]

— J
DOWSGOFr (J) +1 (0=power; (J) <50)
Wo (J) = 4
N 0 (otherwise) (25
[0417]

Alsc, the power:(J) in Expression (25) is a value
defined by the following Fxpression (26).

[0418]

[Expression 26]



[0446] The pseudo high frequency sub-band power difference calculating circuit 36 first calculates
an estimated residual mean square value ResPstaWbanci(id,J). That is to say, for each sub-band at
the high frequency side wherein the index is sb+1 through eb, the differences between the pseudo
high frequency sub-band power, poweren(ib,id(J-1),J-1), and pseudo high frequency sub-band power,
powerest(ib,id,J), are found and multiplied by the weighting W -band - 155 - SP248477 square sum of
the differences multiplied by the weighting Wband (ib) is the estimated residual mean square value
Res PstdWhband(id, 13) [0447] Next, the pseudo high frequency sub-band power difference
calculating circuit 36 calculates an estimated residifal maximum value Res? w

- max-band (id,J). Specifically, that which is the maximum value of the absolute3234&g dbtained by
multiplying the weighting Wband (ib) by the differences between the pseudo high frequency sub-band
power, powerest(ib,idselecfé I(J T),J-I)T0r each sub-bandwhnerein the ingex is sb+1 through eb, and

the pseudo high frezuenc g ower, owerest(lb id,J), is taken a§ he estimated residual
maximum vi0¥&te @IWQ)' b, Jy —power (ib, J-1)}* | / (eb—sb)

- (26)

[0419]

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

[0420]

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

[04211

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

high freguency components are not steady, the closer the



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

Resa;{id, J) shown in Expression {24), the less temporal
variation in the input signal high frequency components, the
greater the contributing ratic ¢f the evaluation value
ResP(id,J), wherein the comparison result from the
estimation results of the high frequency components with the
immediately preceding frame serve as the evaluation scale,
becomes. |

[0422]

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

[C423]

The pseudo high frequency sub-band power difference
calculating circuit 36 performs the processing above, and
calculates an evaluation value Res,i{id,J} for each of K

decoded high freguency sub-band power estimating



ResPWhbanci(id,J). [0450] In step 5378, the pseudo high frequency sub-band power difference
calculating circuit 36 adds the evaluation value Resw band (id,J) and the evaluation value ResPw -
band (id,J) that has been multiplied by the weighting W(J) in Expression (25), and calculates a final
evaluation value ResaliWwband (id,J). The evaluation value ResallW -band (id, J) herein is calculated
for each of K decoded high frequency sub-band power estimating coefficients. [0451]

Subsequently, the processing in step S379 through step S381 is performed and the encoding
processing is ended, but the processing herein is similar to the processing in step S339 through step
S341 in Fig. 25, so description thereof -~ 148 -
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coefficients.
[0424]

In step 8339, the pseudo high freguency sub-band power
difference calculating circuit 36 selects a coefficient
index id, based con the evaluation value Res.;;(id,J) for each
decoded high freguency sub-band power estimating
ceefficients that is found.

[0425]

The evaluation wvalue Resg:{id,J) obtained with the
processing above linearly combines the evaluaticn value
Res (id,J) and the evaluation value ﬁesP(id,J), using
weighting. As described above, the smaller the value of the
evaluation value Res(id,J) is, a deccded high frequency
signal can be cbtained that is closer to the actual high
frequency signal. Also, the smaller the value of the
evaluation vailue ResP(id,J) is, a decoded high freguency
signal can be obtained that is cleser to the decoded high
freguency signal of the immediately preceding frame.

[0426]

Rccordingly, the smaller the evaluation wvalue
Resai: (id, J) is, the more proper decoded high frequency
signal can be obtained. Thus, of the K evaluation values
Res.1{id,J), the pseudo high freguency sub-band power
difference calculating circuit 36 selects an evaluation

value having the smallest value, and supplies the



- 157 - SP248477 will be omitted. Note that in step S379, of the K coefficient indices, that which has
the smallest evaluation value ResanWband(id,J) is selected. [0452]  Thus, each sub-band is
weighted so that the weighting will be placed farther towards a sub-band at the low band side,
whereby audio with higher sound quality can be obtained at the decoding device 40 side. [0453]
Note that with the above description, selection of the decoded high frequency sub-band power
estimating coefficient is performed based on the evaluation value ResanWhand(id,J), but the decoded
high frequency sub-band power estimating coefficient may be selected based on the evaluation value
ResW -band (id,. [0454] <Modification 3>  Further, human hearing has a nature to better sense a
frequency band when the amplitude (power) of the frequency band is large, so thezuddation value
may be calculated for each decoded high frequency sub-band power estimating coefficient such that
the weightingdsffaceduh asdb:bandihavingrgretter pewerida4hihin siclyaaase, iwencoding
device 30 in Fig. 18 . , o
band power estimating coefficient correspending to the
evaluation value thereof, to the high frequency encoding
circuit 37.
(0427]
Upon the coefficient index having been selected,
subsequently the processing in step S340 and step S341 is
performed and the encoding processing is ended, but the
processing herein is similar to step S308 and step $309 in
Fig. 24, sc description thereof will be omitted.
[0428]
As shown above, with the enceding device 30, the
evaluation value Resa:(id,J) that is obtained by linearly
combining the evaluation value Res{id,J) and the evaluation
value ResP(id,J) is used, and an optimal coefficient index
of the decoded high freguency sub-band power estimating
coefficient is selected.
[0429]
By using the evaluation value Res,;;{id,J), similar to
the case of using the evaluation value Res(id,J), a more
proper deccded high frequency sub-band power estimating
coefficient can be selected by mere evaluation scales.
Additionally, by using the evaluation value Res.:; (id,J),

temporal variations in the constant region of the high

frequency components of the signal to be played can be



- 158 - SP248477 performs the encoding processing shown in the flowchart in Fig. 27. The encoding
processing with the encoding device 30 will be described below with reference to the flowchart in Fig.
27. Note that the processing in step 3401 through step 5405 is similar to the processing in step S331
through step 3335 in Fig. 25, so description thereof will be omitted. [0456]  In step S406, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates an evaluation value ReqW
- -power (id,J) which uses the current frame J that is subject to processing, for each of K decoded high
frequency sub-band power estimating coefficients. [0457]  Specifically, the pseudo high frequency
sub-band power difference calculating circuit 36 usas a high frequency sub-band signal for each
sub-band supplied from the sub-band dividing circuit 33 to perform computation Shadar t’the
above-described Expression (1), and calculates the high frequency sub-band power, power(ib,J), in
frame J. [0488ppretpen the high fregquehicyosuleband pawer; powertib, B, bavinglbedrtabtained, the
pseudo high frequency sub-band power difference calculating circuit 36 calculates the following

Expression 92 bl R0t E T 5 UGt indh Shbafd ¢4ue Res
104301

<Modification 2>

Now, with the freguency band extending processing, if a
higher sound quality for audio is.té be cbtained, the more
the sub-~bands at the low frequeﬁcy gide become important
from the listening perspective. That is to say, of the
various sub-bands on the high frequency side, the higher the
estimating precisicon of the sub-band nearer the low
freguency side 1s, the greater is the audio quality that can
be plilayed.

[0431]

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

[0432]

Encoding processing by the encoding device 30 will be
described below with reference to the flowchart in Fig. 26.
Note that the processing in step 5371 through step S375 is
similar to the processing in step S331 through step 8335 in

Fig. 25, so description thereof will be omitted.



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

- 151 -
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[0433]

In step S376, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an evaluation
value ResWpang(id,J) using a current frame J to be precessing,
for each of K decoded high frequency sub-band power
estimating coefficients.

[0434]

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

[0435]

Upon the high frequency sub-band power, power(ib,J)
having been cbtained, the pseudo high frequency sub-band
power difference calculating circuit 36 calculates the
following Expression (27), and calculates a residual mean
value Res igWpana{id, J).

[0436]

[Expression 27]

eh
ResstgWhana (ib, )= 3 {Woang (ib) X {power {ib, J)

ib=sgh+1

~powerest (ib, id, J)}}2 - - - (2D



[0461] Now, the weighting Wpower(power(ib,J)) (where sb+1ib eb) is defined by the following
expression (30), for example. The value of the weighting Wpower(power(ib,J)) increases as the high
frequency sub-band power, power(ib,J) of the sub-band thereof increases. [0462] [Expression 30] -
160 - SP248477
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[0437]

That is to say, for each high freguency side sub-band
wherein the index is sb+l through eb, the difference between
the high frequency sub-band power, power(ib,J) of the frame
J and the pseudo high frequency sub-band power,
powerest {ib,1d,J) is found, and weighting Weans{ib) for each
sub-pband is multiplied by the difference thereof. The
square sum of the difference which is multiplied by the
weighting Weana(ib) becomes the residual mean square value
ResgtaWrang {1d, T} .
f0438)

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

[0439]

[Expression 28]

Wyand (ib) =-—"—3;‘—”"+4 .. (28)

[0440]

Next, the pseudo high freguency sub-band power
difference calculating circuit 36 calculates the residual
maximum value ReSpauWpana{id,J). Specifically, the maximum
value of the absolute value of thecse which have had the

weighting Wpapa(ib) multiplied by the difference of the high



[0463] Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates
a residual maximum value Res W max - power (id,J). Specifically, that which is
the maximum value of the absolute values obtained by multiplying weighting W
- power ( Po wer(ib,J)) by the differences between the high frequency sub-band power, power(ib,J) for
each sub-band wherein the index is sb+1 through eb, and the pseudo high frequency sub-band power,
powerest(ib,id,J), is the residual maximum value ResmaxWpower(id,J). [0464] Also, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates a residual mean value
ResaveWpower (id, J) . [0465] Specifically-thesdifferences between the high frequency sub-band
power, power(ib,J) for each sub-band wherein the index is sb+1 through eb, and tizet pgeado high
frequency sub-band power, powereet(ib,id,J), are found, and multiplied by the weighting w - power (
Pow er(ib,J)frand ¢he susutotakatithecdiéfere peas:multiplied, by the-weightingMpawer-( P er(ib,J)) is
found. The absolute value of the value obtained by dividing the obtained sum total of differences
band wherein the index is sb+1 through eb and the pseudo
high fregquency sub-band power, poweres:(ib,id,J)}, becomes the
residual maximum value ResSgayWpana(id, J).
[04411
Alsco, the pseudo high fregquency sub-band power
difference calculating circuit 36 calculates the residual
mean value ResavelWpang(id, J).
[0442]
Specifically, for each sub-band wherein the index is
sb+l through eb, the differences between the high fregquency
sub-band power, power(ib,J) and pseudo high frequency sub-
band power, poweres:(ib,id,J} are found and multiplied by the
welghting Wpana(ib), and the sum total of differences
multiplied by the weighting Wpana(ib) is found. The absclute
value of the value obtained by dividing the sum total of
differences obtained by the number of sub-bands (eb-sb) at
the high frequency side is the residual mean value
ReSaveWpana (id, J) .
10443]
Further, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates the evaluation
vaiue ResWpsns(id,J). That is to say, the sum of the residual

mean square value ReSgiaWpang(id,J}, residual maximum wvalue

ReSnaxWpana (1d, J) which has been multiplied by the weighting



- 161 - SP248477 by the number of sub-bands (eb-sb) at
the high frequency side is the residual mean value Res"eWpowev(id,J). [0466] Further, the pseudo
high frequency sub-band power difference calculating circuit 36 calculates the evaluation value ResW
-power (id,J). That is to say, the sum of the residual mean square value ResstaWpower(id,J), residual
maximum value Res W max-power (id,J) which has been multiplied by the weighting Wmaxr
and the residual mean value ReseveWp( H J1 ower,i-r-, which has been multiplied by the weighting
Wave, is the evaluation value ResWem,r(id,J). [0467] In step 3407, the pseudo high frequency
sub-band power difference calculating circuit 36 galgulates an evaluation value ResPw-power(id,J) that
uses a past frame and current frame. SP248477

Wmax, and the residual mean value ResSaveWoang{id,J) which has
been multiplied by the weighting Wave, is the evaluation
value ResWpana(id,J).

[0444]

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

[0445]

Specifically, the pseudo high frequency sub-band power
difference calculating circuit 36 records the pseudo high
frequency sub-band power for each sub band, obtained using
the decoded high frequency sub-band power estimating
coefficient of the coefficient index finally selected, for a

rame (J-1) which is temporally one frame preceding the
frame J to be processed.
[0446]

The pseudo high frequency sub-band power difference
calculating circuit 36 first calculates an estimated
residual mean square value ResP.egWhana(id,J). That is to say,
for each sub-band at the high freguency side wherein the
index is sb+l through eb, the differences between the pseudo
high freguency sub-band power, powerest(ib, idgetecteal(d—1),JI-1),
and pseudo high frequency sub-band power, poweres:(ib,id,J),

are found and multiplied by the weighting Wiana(ib). The



[0468] Specifically, the pseudo high frequency sub-band power difference calculating circuit 36
records pseudo high frequency sub-band power for each sub-band, obtained using the decoded high
frequency sub-band power estimating coefficient of the coefficient index finally selected, for the frame
(J-1) that is temporally one frame prior to the frame J to be processed. [0469] - 162 - SP248477

The pseudo high frequency sub-band power difference calculating circuit 36 first calculates an
estimated residual mean square value ResPstdNpower(id,J). That is to say, for each sub-band at the
high frequency side wherein the index is sb+1 through eb, the differences between the pseudo high
frequency sub-band power, powerest(ib,idseiectédd(p1¥,J-1), and pseudo high frequency sub-band
power, powerest(ib,id,J), are found and multiplied by the weighting W SP248477

-power (PO wer(ib,J)). The square sum of the differences multiplied by the weighting Wpower (PO
wer(ib,J)) is A8 Eetinfaedrésithal iddie squars valubtRpdR g -bstd thewes iith 3 n§0470]

Weana (ib) is the estimated residual mean sguare value
ResPstaqWoana (1d,J) .
[0447]

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an estimated
residual maximum value ResPuaxWoanaild, J). Specifically, that
which is the maximum value of the absolute values cbtained
by multiplying the weighting Wpana(ib) by the differences
between the pseudo high frequency sub-band power,
POWEeXest (1D, 1dserectea (J-1),J-1) for each sub-band wherein the
index is sb+l through eb, and the pseudo high freguency sub-
band power, pOWeres:(ib,id,J), is taken as the estimated
residual maximum value ReSPpaxWhansiid, J).

[0448]

Next, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an estimated
residual mean value ResP,veWnana(id,J) . Specifically, the
differences between the pseudo high frequency sub-band power,
gowerﬂ;(ib,idwlwum(J—l),le} for each sub-band wherein the
index is sb+l through eb, and the pseudo high frequency sub-
band power, powerest(ib,id,J), are found, and multiplied by
the weighting Wpang(ib). The absolute value of the value
obtained by dividing the sum total of differences that are

multiplied by the weighting Wpane{ib) by the number of sub-



Next, the pseudo high frequency sub-band power difference calculating circuit 36 calculates an
estimated residual maximum value ResP W -Inax-xxer (id,J). Specifically, that
which is the absolute value of the maximum value of the differences between the pseudo high
frequency sub-band power, powerest(ib,ided(J-1),J-1) for each sub-band wherein the index is sb+1
through eb, and the pseudo high frequency sub-band power, powerest(ib,id,J), multiplied by the
weighting Wpower (Po wer(ib,J)), is the estimated residual maximum value ReSPmaxWpower (id, J) .
[0471] Next, the pseudo high frequency sub-band power difference calculating circuit 36
calculates an estimated - 163 - SP248477 residua énean value ResP w - ave-power (id r LT)
Specifically, the differences between the pseudo high frequency sub-band powespz48477
power.t(ib,idselecteci(J-1),J-1) for each sub-band wherein the index is sb+1 through eb, and the
pseudo hightcreqeaeneyp sebiband powenipbwérest(ibhidy) sdréfoundrapdsnultipieddy the weighting
‘Wpower (Pow er(ib,J)). The absolute value of the value obtained by dividing the sum total of

differences Tt HEMUMPREd H the WeRFrmtrewpder iPOwer (ib,J) ) by the number of sub-bands
(eb-sb) at thFOQng]frequency side is the estimated residual mean value ResPa,Wpower(id,J). [0472]

Further, the pseudo high frequency sub-band power difference calculating circuit 36 finds the sum of
the estimated resifualtimean stuaresmlde ResPnidWpowertid, 3 esbmeated sasiclual maximum value
ResP W difference calculating cizcuit 36 finds the sum of the
estimated residual mean sgquare value ResPgigWpang (1d,J),
estimated residual maximum value ResPr.Wpans(id,J) that has
been multiplied by the weighting Wpax, and estimated residual
mean value ResPaveWrans(id,J) that has been multiplied by the
weighting W.e. 15 taken as the evaluaticn wvalue
ResPWpang (1d,J) .
[04501
In step 8378, the pseudc high freguency sub-band power
difference calculating circuit 36 adds the evaluaticn value
ResWpana (1d,J) and the evaluation value ResPWpans(id, I} that
has been multiplied by the weighting W;(J) in Expression
(253}, and calculates a final evaluation value
Resa11Whana{1d,J}. The evaluation value Res;;;Weana{id, J) herein
is calculated for each of K decoded high frequency sub-band
power estimating coefficients.
{04517
Subsequently, the processing in step $379 through step
5381 is performed and the encoding processing is ended, but

the processing herein is similar to the processing in step

5339 through step 5341 in Fig. 25, so description thereof



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

- 157 -
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will be omitted. Note that in step 38379, of the K
coefficient indices, that which has the smallest evaluation
value ResS:1:Wpana{id,J) is selected.

[04521

Thus, each sub-band i1s weighted so that the weighting
will be placed farther towards a sub-band at the low band
side, whereby audio with higher scund quaiity can be
obtained at the decoding device 40 side.

0453]

Note that with the above description, selection of the
deccded high frequency sub-band power estimating coefficlent
is performed based on the evaluation value Res.11Wpang{id,J),
but the decoded high freguency sub-band power estimating
coefficient may be selected based on the evaluation value
ResWpang (1d,J) .
f0454]
<Modification 3>

Further, human hearing has a nature to better sense a
freguency band when the amplitude {power) of the frequency
band is large, s¢ the evaluation value may be calculated for
each decoded high frequency sub-band power estimating
coefficient such that the weighting i1s placed on a sub-band
having greater power.

[0455]

In such a case, the encoding device 30 in Fig. 18



RessaiWpower(id,J). The evaluation value ResanWpower(id,J) herein is calculated for each of K
decoded high frequency sub-band power estimating coefficients. [0474] Subsequently, the
processing in step 3409 through step S411 is performed and the encoding processing is ended, but
the processing herein is similar to the processing in step 3339 through step 5341 in Fig. 25, so
description thereof will be omitted. Note that in step 5409, of the K coefficient indices, that which has
the smallest evaluation value ResanWpower(id,J) is selected. [0475] Thus, so that the weighting
will be placed farther on a sub-band having greater power, each sub-band is weighted, whereby audio
with higher sound quality can be obtained at the désoding device 40 side. [0476] Note that with the
above description, selection of the decoded high frequency sub-band power esti#rauig ¢defficient is
performed based on the evaluation value ResanWpower(id,J), but the decoded high frequency
sub-band pewerfestimating coefficiéntmayooe seletied ibased on titece\dluatiba value:
RestowerE(id,J). £0477]r<6' Sixth Embodiment> .
ig. 27. he encoding processing with the encoding device
30 will be described below with reference to the flowchart
in Fig. 27. Note that the processing in step S401 threcugh
step 5405 is similar to the processing in step S$331 through
step S335 in Fig. 25, so description thereof will be omitted.
[0456]
In step 8406, the pseudo high frequency sub-band power
difference calculating circuit 36 calculates an evaluation
value ResWpewer (1d,J) which uses the current frame J that is
subject to processing, for each of X decoded high frequency
sub-band power estimating coefficients.
[0457]
Specifically, the pseudo high frequency sub-band power
difference calculating circuit 36 uses a high freguency sub-
band signal for each sub-band supplied from the sub-band
dividing circuit 33 to perform computation similar to the
above-described Expression (1), and calculates the high
frequency sub-band power, power(ibk,J), in frame J.
[0458]
Upon the high freguency sub-band power, power(ib,J),
having been obtained, the pseudo high frequency sub-band
power difference calculating circuit 36 calculates the

following Expression (29), and calculates a residual mean

square value ReSsrdWpower (1d,J) .



- 165 - SP248477 [Configuration of Coefficient Learning Device] = Now, a set of coefficient Am(kb)
and coefficient Bib serving as the decoded high frequency sub-band power estimating coefficients is
correlated to the coefficient index and recorded in the decoding device 40 in Fig. 20. For example,
upon the decoded high frequency sub-band power estimating coefficients of 128 coefficient indices
having been recorded at the decoding device 40, a large region is needed as the recording region for
memory that records these decoded high frequency sub-band power estimating coefficients and the
like. [0478]  Thus, a portion of several decoded high frequency sub-band power estimating
coefficients may be caused to be shared coefficigmtg, and the recording region necessary for recording
the decoded high frequency sub-band power estimating coefficients may be magezmalter. In such a
case, the coefficient learning device that finds decoded high frequency sub-band power estimating
coefficients by4éaining is configured as shown in Fig. 28, for example. [0479]  The coefficient
learning device 81 is made ug of a sub-band dividing circuit 91, high frequency sub-band power
calculating difGtRESS Sfé8furé®dmount calculating circuit 93, and coefficient estimating circuit 94.

eb
ResstaWoower (id, I} = 3 {Waower (DoWer (ib, J))
ib=sh+1

X {power (ib, J) —powerest (ib, id, J)}}2
-+ - (29),
[0460]

That is to say, the differences between the high
frequency sub-band power, power(ib,J), and the pseudo high
frequency sub-band power, poweres:(ib,id,J), for each sub-
band at the high frequency side wherein the index is sb+l
through eb, are found, and a weighting Wpwer (power (ib, J)) for
each sub-band is multiplied by these differences. The
square sum of the differences multiplied by weighting
Wpower (pOwer (ib,J)) is the residual mean sgquare value
ReSscaWpower (1d, J) o
[0461]

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

{0462]

{Expression 30]



- 166 - SP248477 [0480]  Multiple pieces of tune data or the like used for learning is supplied to the
coefficient learning device 81 as wide band teacher signals. A wide band teacher signal is a signal that
includes multiple high frequency sub-band components and multiple low frequency sub-band
components. [0481]  The sub-band dividing circuit 91 is made up of a bandpass filter or the like,
divides the supplied wide band teacher signal into multiple sub-band signals, and supplies these to the
high frequency sub-band power calculating circuit 92 and feature amount calculating circuit 93.
Specifically, the high frequency sub-band signal of each sub-band at the high frequency side wherein
the index is sb+1 through eb is supplied to the-higls frequency sub-band power calculating circuit 92,
and the low frequency sub-band signal of each sub-band at the low frequency sgtwhergin the index
is sb-3 through sb is supplied to the feature amount calculating circuit 93. [0482]  The high
frequency sub-band, power calculating cBcxindkealCulntdd the high frequency sub-band power of the
various high me&@?@@ﬁ-%bb\dgibn”—al Peker i db%n’d dividing circuit(80) and supplies
this to the coefficient estimating circuit 94. The féature amount - 167 - SP248477 calculating circuit 93
calculates t%@@jrequency sub-band power as a feature amount, based on the various low
frequency sub-band signals supplied from the sub-band dividing circuit 91, and supplies this to the
coefficient estimatieg: tirctit&4p AR high frequency sub-band power

difference calculating circuit 36 calculates a residual
maximum value ResSpaWoower (1d,J). Specifically, that which is
the maximum value of the absolute values obtained by
multiplying weighting Wpewer (power{ib, J)) by the differences
between the high frequency sub-band power, power(ib,J) for
each sub-bang wherein the index is sb+1 through eb, and the
pseudo high freguency sub-band power, poweres:{ib,id,J), is
the residual maximum value ResSp.Woower (id, J) .

 [0464]

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

[0465]

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

obtained by dividing the cbtained sum total of differences



The coefficient estimating circuit 94 generates a decoded high frequency sub-band power estimating
coefficient by using the high frequency sub-band power from the high frequency sub-band power
calculating circuit 92 and the feature amount from the feature amount calculating circuit 93 to perform
regression analysis, and outputs this to the decoding device 40. [0484] [Description of Coefficient
Learning Processing]  Next, the coefficient learning processing performed by the coefficient learning
device 81 will be described with reference to the flowchart in Fig. 29. [0485]  In step S431, the
sub-band dividing circuit 91 divides each of the multiple supplied wide band teacher signals into
multiple sub-band signals. The sub-band dividing eircuit 91 supplies the high frequency sub-band
signal of the sub-band wherein the index is sb+1 through eb to the high frequensystdshand power
calculating circuit 92, and supplies the low - 168 - SP248477 frequency sub-band signal of the
sub-band whereihdheuntlex i>gh-Sithrbugh sb (tebtherfeafiy etaraoratytalculagingneircuit 93. [0486]  In
step S432, the high frequency sub-band power calculating circuit 92 performs computation similar to
the above-destfibéd EXi5essdh43 arftPeaclrtag tFe higiregueiy dub-band power for the various
high frequeQ% gglﬁ:-band signals supplied from the sub-band dividing circuit 91, and supplies these to
the coefficient estimating circuit 94. [0487] '

Further, the pseudo high freguency sub-band power

difference calculating circuit 36 calculates the evaluation
value ResWpower (1d,J). That is to say, the sum of the
residual mean square value ReSgeaWpower (1G,J), residual maximum
value ResSpaxWpower (1d,J) which has been multiplied by the
weighting Wpa., and the residual mean value ReSaveWpower (1d, J)
which has been multiplied by the weighting Wave, is the
evaluation value'ReszmM(id,J).
[0467]

In step 5407, the pseudo high fregquency sub-band power
difference calculating circuit 36 calculates an evaluation

value ResPWpower(id, J) that uses a past frame and current

frame.
[04e68]

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

[0469]



In step S433, the feature amount calculating circuit 93 performs computation similar to the
above-described Expression (1) and calculates the low frequency sub-band power as a feature
amount for the various low frequency sub-band signals supplied from the sub-band dividing circuit 91,
and supplies these to the coefficient estimating circuit 94. [0488]  Thus, high frequency sub-band
power and low frequency sub-band power are supplied to the coefficient estimating circuit 94 for the
various frames of the multiple wide band teacher signals. [0489] In step S434, the coefficient
estimating circuit 94 performs regression analysis using a least square method, - 169 - SP248477 and
calculates the coefficient Aib(kb) and coefficient Béz for each high frequency side sub-band ib (where
sb+1 5 ib 5 eb) wherein the index is sb+1 through eb. [0490]  Note that with repedssion analysis, the
low frequency sub-band power supplied from the feature amount calculating circuit 93 is an

explanatory variables apdeheédigh dtegirenpysidy-bandpower supplieddtandherhigh frequency
sub-band power calculating circuit 92 is an explained variable. Also, regression analysis is performed

using low frE§UERST stBD AT power A dEHERrEGIEHAR G AR dSFwaRfR Al of the frames, which
I stop S35 e SoRIToIont ceumianig tach S LEae e S SeMEiont AlbUE) A Seeaiin Bib found
for each sulidxanskibHosfing-thenresidualiediasfor eachfame ofithe widedednd teacher signal.

index is sb+l through eb, the differences between the pseudo

high frequency sub-band power, poweres:(ib,idseiectea(J~1),Jd-1},

and pseudc high frequency sub-band power, power.s:(ib,id,J),

are found and multiplied by the weighting Wpewer {power (ib, J)).

The square sum of the differences multiplied by the

weighting Wpower (power (ib,J)) is the estimated residual mean

square value ResPstaWpower (id,J) .

[0470]

Next, the pseudo high freguency sub-band power

difference calculating circuit 3¢ calculates an estimated

residual maximum value ResPuayWpower (1d, J). Specifically, that

which is the absolute value of the maximum value of the

differences between the pseudo high fregquency sub-band power,

powWereg: {1k, idgetectea (J~1),J-1) for each sub-band wherein the

index is sb+l through eb, and the pseudo high frequency sub-

band power, poweres(ib,id,J), multiplied by the weighting

Wpower (Power (1b, J)}, is the estimated residual maximum value

Re S PraxWsower (1d, J) .

f0471]

Next, the pseudo high freguency sub-band power

difference calculating circuit 36 calculates an estimated



[0492] For example, the coefficient estimating circuit 94 subtracts the sum of the sum total of the
low frequency sub-band power, power(kb,J), which has been multiplied by the coefficient Aib(kb)
(where sb-3 5 kb 5 sb), and the coefficient 31b, from the high frequency sub-band power, - 170 -
SP248477 power(ib,J), for each sub-band ib(where sb+1 5 Ibeb) of frame J, and obtains the residual.
The vector made up of the residuals of each sub-band Ib of the frame J is the residual vector. [0493]
Note that the residual vector is calculated for all of the frames which make up all of the wide band
teacher signal supplied to the coefficient learning device 81. [0494] In step 5436, the coefficient
estimating circuit 94 normalizes the residual vectgesfound of the various frames. For example, the
coefficient estimating circuit 94 SP248477

residual mean value ResPaveWpower{id,J) . Specifically, the
differences between the pseudo high frequency sub-band power,
pOWeres: {1, 1dseiectea (J=1),J-1) for each sub-band wherein the
index is sb+l through eb, and the pseudc high freguency sub-
band power, poweres:(ib,id,J), are found, and multiplied by
the weighting Wpewer (POwer (ib,J)). The absolute value of the
value obtained by dividing the sum total of differences that
are multiplied by the weighting Weower (power (ib,J)) by the
number of sub-bands (eb-sb) at the high frequency side is
the estimated residual mean value ResP.ceWpower (1d,J).

[0472]

Further, the pseudo high freguency sub-band power
difference calculating circuit 36 finds the sum of the
estimated residual mean sguare value ResSPsraWpower (1d,J),
estimated residual maximum value ResPpaxWpower (1d,J) that has
been multiplied by the weighting Wpax, and estimated residual
mean value ResSPaveWpower (1d,J) that has been multiplied by the
weighting Wave, and takes this as evaluation wvalue
ResWpewer (1d,J) .
£0473]

In step 5408, the pseudo high freguency sub-band power
difference calculating circuit 36 adds the evaluation value
ResWoower (1d,J) and the evaluation value ResPWeower{id, J) that
has been multiplied by the weighting W,;(J) in Expression

(25), and calculates a final evaluaticn value



normalizes the residual vector by finding the dispersion value of the residual of the sub-band ib of the
residual vectors for all frames, and divides the residual of the sub-band Ib of the various residual
vectors by the square root of the dispersion value for each sub-band. [0495]  In step 3437, the
coefficient estimating circuit 94 clusters the residual vectors for all of the normalized frames by
k-means or the like. [0496]  For example, an average frequency envelope for all frames, obtained
when estimation of the high frequency sub-band power is performed using the coefficient Ath(kb) and

- 171 - SP248477 coefficient 13,1), is called an average frequency envelope SA. Also, we will say that
a predetermined frequency envelope having greatgfapower than the average frequency envelope SA is
a frequency enveloped BR, and that a predetermined frequency envelope having tower power than the
average frequency envelope SA is a frequency enveloped SL. [0497] At this time, residual vector

clustering ispesformed sa that eactrabthereasidualoreciansef thegogffigientsafarwhich a frequency
envelope near the average frequency envelope SA, frequency envelope BR, and frequency envelope
SLis obtain@&rﬁéﬁné%%ém&é’r’c@ﬂ ErBtercH, ahKcldser®ld respactivsiguknsther words,
clustering i |S£ ng é(j:so that tggtrfﬁdcual vectorffggg%gh frame belongs to one of the cluster CA,
cluster CH, or cluster

[0474]

Subsequently, the processing in step $409 thréugh gtep
S411 is performed and the encoding processing is ended, but
the processing herein is similar to the processing in step
8339 through step S341 in Fig. 25, so description thereof
will be omitted. Note that in step $S409, of the X
cecefficient indices, that which has the smallest evaluation
value Resa1iWoower {1d,J) is selected.

[0475]

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

[04786]

Note that with the above description, selection of the
deccded high frequency sub-band power estimating coefficient
is performed based on the evaluation value Resa11Woower (1d, I},
but the decoded high frequency sub-band power estimating
coefficient may be selected based on the evaluation value
ResWpower {1d, J) -

104771

<6. Sixth Embodiment>



[0498]  With the frequency band extending processing that estimates the high frequency
components based on the correlation between the low frequency components and high frequency
components, upon calculating the residual vector using the coefficient Aib(kb) and coefficient Bib
obtained with the regression analysis, the farther the sub-band is towards the high frequency side, the
greater the residual becomes, from the characteristics thereof. Therefore, if the residual vector is
clustered without change, a greater - 172 - SP248477 weighting is placed on sub-bands farther on the
high frequency side, and processing is performed. [0499]  Conversely, with the coefficient learning
device 81, by normalizing the residual vector with #¥ dispersion value of the residual value for each
sub-band, the dispersion of the residuals of each sub-band at first glance are equ4aadTlustering is
performed by weighting the various sub-bands equally. [0500] In step S438, the coefficient
estimating cimuit {94 selecisonedidbe thistiees of theaelustes GAveloster CH, or cluster CL, as a
cluster to be processed. [0501]
Now, a set of coefficient Ajp(kb) and coefficient Biy
serving as the decoded high frequency sub-band power
estimating coefficients is corrslated to the coefficient
index and recorded in the decoding device 40 in Fig. 20.
For example, upon the decoded high frequency sub-band power
estimating coefficients of 128 ccefficient indices having
been recorded at the decoding device 40, a large region is
needed as the recording region for memory that records these
decoded high frequency sub-band power estimating
coefficients and the like.
[C478]
Thus, a portion of several decoded high frequency sub-
band power estimating coefficients may be caused to be
shared coefficients, and the recording region necessary for
recording the decoded high frequency sub-band power
estimating coefficients may be made smaller. In such a case,
the coefficient learning device that finds decoded high
frequency sub-band power estimating coefficients by learning
is configured as shown in Fig. 28, for example.
[0479]
The coefficient learning device 81 is made up of a sub-
band dividing circuit 81, high frequency sub-band power

calculating circuit 92, feature amount calculating circuit

93, and coefficient estimating circuit 94.



In step S439, the coefficient estimating circuit 94 uses the frame of the residual vector belonging to the
cluster selected as the cluster to be processed, to calculate the coefficient Aib(kb) and coefficient Bib
of the various sub-bands ib (where sb+1ib 5 eb), with regression analysis. [0502] That is to say, if we
say that the frame of the residual vector belonging to the cluster to be processed is called a frame to
be processed, the low frequency sub-band power and high frequency sub-band power for all of the -
173 - SP248477 frames to be processed are then explanatory variables and explained variables, and
regression analysis using a least square method is performed. Thus, a coefficient Ath(kb) and
coefficient Bib is obtained for each sub-band ib. [0563]

SP248477

[0480]

Multiple pieces of tune data or the like used for
learning is supplied to the coefficient learning device 81
as wide band teacher signals. A wide band teacher signal is
a signal that includes multiple high frequency sub-band
components and multiple low freguency sub-band ccmponents.
(0481}

The sub-band dividing circuit 21 is made up of a
bandpass filter or the like, divides the supplied wide band
teacher signal into multiple sub-band signals, and supplies
these tc the high frequency sub-band power calculating
circuit 92 and feature amount calculating circuit 93.
Specifically, the high frequency sub-band signal of each
sub-band at the high frequency side wherein the index is
sb+l through eb is supplied to the high freguency sub-band
power calculating circuit %2, and the low fregquency sub-bkand
signal of each sub-band at the lcw frequency side wherein
the index is sb-3 through sb is supplied to the feature
amount calculating circuit 93.

[04821

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

coefficient estimating circuit 94, The feature amount



In step S440, the coefficient estimating circuit 94 uses the coefficient Ath(kb) and coefficient Bth
obtained with the processing in step S439 for all of the frames to be processed, and finds the residual
vector. Note that in step 5440, processing similar to that in step S435 is performed, and the residual
vectors for the various frames to be processed is found. [0504]  In step 5441, the coefficient
estimating circuit 94 normalizes the residual vectors of the various frames to be processed that are
obtained in the processing in step 5440, by performing similar processing as that in step 5436. That is
to say, the residual is divided by the square root of the dispersion value and normalizing of residual
vectors is performed by each sub-band. [0505} 1dn step 5442, the coefficient estimating circuit 94
clusters the residual vectors for all of the frames to be processed that have beesrotpwlized, by
k-means or the like. The number of clusters here is defined as follows. For - 174 - SP248477
example, attadwmokificient learpingtdevdce &lqwl e case of Denerating: 428 coefficieahikdex decoded
high frequency sub-band power estimating coefficients, the number of frames to be processed is
multiplied b§ 998" aRd the fRAFBER oBRGHEE by diFRING this By thaHEHBert 8Vall frames is the number

of clusters. Moy, fe yimagr gtalk fr %%&Ssthgugﬁgé%ggg%%s% %ragql%sgggg of the wide band

teacher signals Suppliéd to the coefficiént learnin In step S443, the coefficient
estimating circuit-d4:findg aceantepdf-graditys veetot &er theiariodscelestess phiaineduavith the
processing in step S442. [0507]  For example, a cluster obtained by clustering in step 5442
correspond$ & e cadfficierftTidéx %4nd at the coefficient learning device 81, a coefficient index is
assigned to luster, and the decoded high frequency sub-band power estimating coefficient of
each coefficient index is found. S

The ccefficlent estimating circuit 94 generates a

decoded high frequency sub-band power estimating coefficient
by using the high fregquency sub-band power from the high
frequency sub-band power calculating circuit 92 and the
feature amount from the feature amcunt calculating circuit
83 to perform regression analysis, and outputs this to the
decoding device 40.

[0484]

[Descripticn of Ceocefficient Learning Procsssing]

Next, the ceoefficient learning processing performed by
the ccefficient learning device 81 will ke described with
reference to the flowchart in Fig. 29.
f0485]

In step 5431, the sub-band dividing circuit 91 divides
each of the multiple supplied wide band teacher signals into
multiple sub-band signals. The sub-band dividing circuit 91
supplies the high frequency sub-band signal of the sub-band
wherein the index is sb+l through eb to the high frequency

sub-band power calculating circuit 92, and supplies the low



[0508] Specifically, let us say that in step 5438 the cluster CA is selected as the cluster to be
processed, and in step 3442 F number of clusters are obtained by the clustering in step S442. Now, if
we focus on one cluster CF out of F clusters, the number of decoded high frequency sub-band - 175 -
SP248477 power estimating coefficients of the coefficient index of cluster CF is set as the coefficient
Aib(kb) which is a linear correlation item of coefficient Aib(ib) found for the cluster CA in step S439.
Also, the sum of the vector performing reverse processing of the normalization (reverse normalization)
performed in step S441 as to the center-ofgravity vector of the cluster CF found in step S443 and the
coefficient Bib found in step S439 is the coefficient 8ib which is a constant item of the decoded high
frequency sub-band power estimating coefficient. The reverse normalizing heresis2ugthgrcase that the
normalizing performed in step S441 divides the residual with the square root of the dispersion value for
each sub-ba&rd e example-peacessing: fatdnultiplies the same valkiesas thantimenaierormalizing
(square root of dispersion value for each sub-band) the elements of the center-of-gravity vector of the
cluster CF. fGSG@?[’ 3 HHR¥S o SAyLthe b6t SrmbEsefitieRPAab) Gitaiist mistepid439 and the
coefficient found as described above becomes the estimated coefficient of the decoded high
frequency sub-band power of the coefficient index of the cluster CF. Accordingly, each of the F
number of clastess obtained by clustering have a shared coefficient A,b(kb) found for the cluster CA,
as a linear correlation item of the decoded high frequency sub-band power estimating - 176 -
SP248477Coeﬁmﬁﬂﬂﬁﬂﬁﬂiﬁ432r the high frequency sub-band power

calculating circuit 92 performs computaticn similar to the
above-described Expressicn (1) and calculates the high
frequency sub-band power for the wvarious high frequency sub-
band signals supplied from the sub-band dividing circuit 91,
and supplies these to the coefficient estimating circuit 294,
[0487]

In step 5433, the feature amount calculating circuit 93
performs computation similar to the above-described
Expressicon (1) and calculates the low freguency sub-band
power as a feature amount for the various low fregquency sub-
band signals supplied from the sub-band dividing circuit 91,
and supplies these te the coefficient estimating circuit 24,
[0488]

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

[0489]
In step $434, the coefficient estimating circuit 54

performs regressicon analysis using a least sguare method,



In step 3444, the coefficient learning device 81 determines whether or not all of the clusters of cluster
CA, cluster CH, and cluster CL have been processed as clusters to be processed. In step 5444, in the
case determination is made that not yet all clusters have been processed, the processing returns to
step S438, and the above-described processing is repeated. That is to say, the next cluster is selected
as that to be processed, and a decoded high frequency sub-band power estimating coefficient is
calculated. [0511]  Conversely, in step 5444, in the case determination is made that all clusters have
been processed, a predetermined number of decoded high frequency sub-band power estimating
coefficients to be found are obtained, whereby-theqwoeessing is advanced to step 5445. [0512] In
step 3445, the coefficient estimating circuit 94 outputs the found coefficient indexearad decoded high
frequency sub-band power estimating coefficient to the decoding device 40 and causes this to be
recorded, and theedefficienrtdeatrningqrdcesdiagts 2ndeth.)[05A3] ookl i SR2A8B4Y,{  For example,
of the decoded high frequency sub-band power estimating coefficients output to the decoding device

40, several h8Ve TRERaié BodfRBIRISH(KIEs HEPIREarCtorReldtiBs RensPTRuS d®tcthe coefficient
kb(kb) Whicgme%gggr& tteggoggfg.@milgaggipg CE%‘Q%% cqgresponds a linear correlation item index
[ ficient Ai

(pointer) which is information identifying the coe t Al ﬁ) thereof, and as to the coefficient index,

correspondd thesliiear correlation item index and coefficient Bib which is a constant item.

Note that with regressicn analysis, the low freguency
sub-band power supplied from the feature amount calculating
circuit 93 is an explanatory variable, and the high
frequency sub-band power supplied from the high frequency
sub-band power calculating circuit 92 is an explained
variable. Also, regression analysis is performed using low
frequency sub-band power and high freguency sub-band power
for all of the frames, which make up all of the wide band
teacher signals supplied tc the coefficient learning device
B1.

[0491}

In step 35435, the cecefficient estimating circuit 94
uses the cecefficient Ajp(kb) and coefficient B, found for
each sub-band ib to find the residual vector for each frame
of the wide band teacher signal.

[04092]

For example, the coefficient estimating circuit 94
subtracts the sum of the sum total of the low frequency sub-
band power, power{kb,J), which has been multiplied by the
coefficient Aip(kb) (where sb-3 < kb < sb), and the

coefficient Bip, from the high freguency sub-band power,



[0514] The coefficient learning device 81 supplies the corresponding linear correlation item index
(pointer) and coefficient Aib(kb) and the corresponding coefficient index and linear correlation item
index (pointer) and coefficient Bib to the decoding device 40, and records this in the memory within the
high frequency decoding circuit 45 of the decoding device 40. Thus, in recording multiple decoded high
frequency sub-band power estimating coefficients, regarding shared linear correlation items, if a linear
correlation item index (pointer) is stored in the recording region for the various decoded high frequency
sub-band power estimating coefficients, the recording region can be kept considerably smaller. [0515]
- 178 - SP248477 In this case, the linear corrélation item index and coefficient A,b(kb) are
correlated and recorded in the memory within the high frequency decoding circiir28gwhereby the
linear correlation item index and coefficient Bib can be obtained from the coefficient index, and further
the coefficierrvii(idd) cah bd obtaiael from-therthedly bonretatiorbitémsindex< [@&l6]cf Note that as a
result of ana%%is by the present applicant, we can see that even if three patterns or so of the linear

[

correlation iterA% of the MBI 8eB5d&d hidis frtdiBhey SUbEbERE HowdrESimELIRG coefficients are
shared, therg,is veryitlle soupd quality deierorationjroie aistening nerspective of audio subjected to

frequency band extending processing. Accordingly, according to the coefficient learning device 81,
sound qualitesefitheavocads after the frequency band extending processing is not deteriorated, and a
recording re&#on necessary for recording the decoded high frequency sub-band power estimating
coefficient cRh B Smaller. [0517] As shown above, the coefficient learning device 81 generates and

outputs the decodggtighfrequency-sub-hand pawer estimating cogfficignt:-f eagh cgefficient index

from the supplied wide band teacher signal. |
the frames which make up all of the wide band teacher signal

supplied to the coefficient learning device 81.
[0424]

In step 5436, the cecefficient estimating circuit 94
normalizes the residual vectors found of the various frames.
For example, the coefficient estimating circuit 94
ncrmalizes the residual vector by finding the dispersion
value of the residual of the sub-band ib of the residual
vectors for all frames, and divides the residual of the sub-
band ib of the various residual vectors by the square root
of the dispersion value for each sub-band.

[0495]

In step 5437, the coefficient estimating circuit 94
clusters the residual vectors for all of the normalized
frames by k-means or the like.

[0496]

For example, an average frequency envelope for all

frames, obtained when estimation of the high frequency sub-

band power is performed using the coefficient Aiy(kb) and



- 179 - SP248477 [0518] Note that the coefficient learning processing in Fig. 29 is described as
normalizing a residual vector, but in one or both of step S436 or step S441, normalizing the residual
vector do not have to be performed. [0519]  Also,; an arrangement may be made wherein
normalizing the residual vector is performed, and sharing of the linear correlation items of the decoded
high frequency sub-band power estimating coefficient is not performed. In such a case, after the
normalizing processing in step 5436, the normalized residual vector is clustered into the same number
of clusters as the number of decoded high frequency sub-band power estimating coefficients to be
found. Frames of the residual vectors belonging torthe-various clusters are used, regression analysis is
performed for each cluster, and decoded high frequency sub-band power estimatizg goefficients are
generated for the various clusters. [0520]  The series of processing described above can be
executed withhharfdwarsnor Ba)) beexaclited with sokwase | thegase of@xesutipg the series of
processing with software, a program making up the software thereof is installed from a program

recording mHiin i 4 tbpdtér ihdtthas Bakdmtdsditard Hagwaesi £§8RERTLSe personal

Con“nﬂero%ggﬁng greater power than the average frequency envelope SA
is a freqﬁency envelopaed SH, and that a predetermined
frequency envelope having lower power than the average
fregquency envelope SA is a frequency enveloped SL.

[0497]

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

[0498]

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

the residual vector is clustered without change, a greater



- 180 - SP248477 like, for example, that can execute various types of functions by various types of
programs being installed. [0521]  Fig. 30 is a block diagram showing a configuration example of
hardware of the computer that executes the above-described series of processing with a program.
[0522] In the computer, a CPU 101, ROM (Read Only Memory) 102, and RAM (Random Access
Memory) 103 are mutually connected by a bus 104. [0523]  An input/output interface 105 is further
connected to the bus 104. An input unit 106 made up of a keyboard, mouse, microphone or the like, an
output unit 107 made up of a display, speaker or the like, a storage unit 108 made up of a hard disk or
non-volatile memory or the like, a communicatiorLagit 409 made up of a network interface or the like,
and a drive 110 for driving a removable media 111 such as magnetic disc, optic8Pdis8477
magneto-optical disc, or semiconductor memory or the like, are connected to the input/output interface
105. [0524] weihthia gorputé s cenfigureshéds-descsbdd abbee, fon exampleégthe CPU 101 loads the
program stored in the storage unit 108 to the RAM 103, via the input/output interface 105
frequency side, and processing is performed.
[048¢]
Conversely, with the coefficient learning device 81, by
normalizing the residual vector with the dispersicon value of
the residual value for each sub-band, the dispersion of the
residuals of each sub-band at first glance are equal, and
clustering is performed by weighting the wvarious sub-bands
equally.
05001
In step S438, the coefficient estimating circuit 24
selects one of the clusters of the cluster CA, cluster CH,
or cluster CL, as a cluster to be processed.
{0501}
In step 5439, the coefficient estimating circuit 94
uses the frame of the residual vector belonging to the
cluster selected as the cluster to be processed, to
calculate the ccefficient Aj;p(kb) and coefficient By, of the
various sub-bands ib (where sb+l < ib £ eb), with regression
anaiysis.
[0502]
That is to say, if we say that the frame of the
residual vector belonging to the cluster to be processed is

called a frame to be processed, the low frequency sub-band

power and high freguency sub-band power for all of the



- 181 - SP248477 and bus 104, and executes this, whereby the series of the above-described
processing is performed. [0525]  The program that the computer (CPU 101) executes is recorded in
removable media 111 which is package media made up of a magnetic disc (including flexible disc),
optical disc (CD-ROM (Compact Disc - Read Only Memory), DVD (Digital Versatile Disc) or the like),
magneto-optical disc, or semiconductor memory or the like, for example, or is provided via a cable or
wireless transmission medium such as a local area network, the Internet, or digital satellite broadcast.
[0526] The program is installed in the storage unit 108 via the input/output interface 105, by
mounting the removable media 111 on the drive 118. Also, the program can be received with the
communication unit 109 via a cable or wireless transmission medium, and instalied 418 e storage unit
108. Additionally, the program can be installed beforehand in the ROM 102 or storage unit 108. [0527]

Note that theéreegsarcthae the compiier axecuiesimay die-m pragrany thalgaaréermsarocessing in a
time-series manner in the order described in the present Specification, or may be a program wherein
processing f&petortRdd TR pai&id Sor &PAe s8R tifmgaRthvad Whehledlled 436 tthe like. - 182 -

SP248477|§§3§le method is performed. Thus, a coefficient A, (kb)) and
coefficient Bjy, is obtained for each sub-bkand ib.
[0503]

In step 5440, the coefficient estimating circuit %4
uses the ccoefficient A;p(kb) and coefficient B;, obtained
with the processing in step S439 for all of the frames to be
processed, and finds the residual vector. Note that in step
544G, processing similar to that in step S435 is performed,
and the residual vectors for the variocus frames to be
processed is found.

[0504]

In step S441, the coefficient estimating circuit 94
normalizes the residual vectors of the various frames to be
processed that are obtained in the processing in step 5440,
by performing similar processing as that in step S436. That
is to say, the residual is divided by the square rcot of the
dispersiocn value and normalizing of residual vectors is
performed by each sub-band.

[G505]

In step 5442, the coefficient estimating circuit %4
clusters the residual vectors for all of the frames to be
processed that have been normalized, by k-means or the like.

The number of clusters here is defined as follews. For



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

- 174 -
Sp248477

example, at the coefficient learning device 81, in the case
0of generating 128 coefficient index decoded high freguency
sub-band power estimating coefficients, the number of frames
te be processed is multiplied by 128, and the number
cbtained by dividing this by the number of all frames is the
number of clusters. Now, the number of all frames is the
total number of all frames of all of the wide band teacher
signals supplied to the coefficient learning device 81.
[05C6]

In step 5443, the coefficient estimating circuit %4
finds a center-of-gravity wvector for the various clusters
obtained with the processing in step 5442.

[05C7]

For example, a cluster obtained by clustering in step
5442 corresponds to the coefficient index, and at the
coefficient learning device B8l, a coefficient index is
assigned tc each cluster, and the decoded high freguency
sub-band power estimating coefficient of each coefficient
index is found.

[06508]

Specifically, let us say that in step 8438 the cluster
CA is selected as the cluster to be processed, and in step
5442 F number of clusters are obtained by the clustering in
step S442. Now, if we focus on cne cluster CF ocut of ¥

clusters, the number of decoded high fregquency sub-band



20 coefficient learning device 21, 21-1 through 21-(K+N) bandpass filter 22 high frequency sub-band
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power estimating coefficients of the coefficient index of
cluster CF is set as the coefficient A;,(kb) which is a
linear correlation item of coefficient A;y{(ib) found for the
cluster CA in step S$S439. BAlso, the sum of the wvector
performing reverse processing of the normalization (reverse
normalization) performed in step S441 as to the center-of-
gravity vector of the cluster CF found in step S443 and the
coefficient B:y, found in step S43%9 is the cecefficient Bip
which is a constant item of the decoded high freguency sub-
band power estimating coefficient. The reverse normalizing
here is, in the case that the normalizing performed in step
S441 divides the residual with the square root of the
dispersion value for each sub-band, for example, processing
that multiplies the same value as the time of normalizing
(square rocot of dispersion value for each sub-band) the
elements of the center-of-gravity vector of the cluster CF.
{05091

That is to say, the set of the coefficient Ais{kb)
oktained in step $S439%9 and the coefficient Bijy, found as
described above becomes the estimated coefficient of the
decoded high freguency sub-band power of the coefficient
index of the cluster CF. Accordingly, each of the F number
of clusters cbtained by clustering have a shared coefficient
Aijn(kb) found for the cluster CA, as a linear correlation

item of the decoded high freguency sub-band power estimating
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coefficient.
[05107

In step 5444, the coefficient learning device 81
determines whether or not all of the clusters of cluster CBh,
cluster CH, and cluster CL have been proccessed as clusters
to be processed., In step $S444, in the case determination is
made that not yet all clusters have been processed, the
processing returns to step S438, and the above-described
processing is repeated. That is to say, the next cluster is
selected as that tec be processed, and a decoded high
frequency sub-band power estimating coefficient is
calculated.

[0511]

Conversely, in step 8444, in the case determination is
made that all clusters have been processed, a predetermined
numper of deccded high frequency sub-band power estimating
coefficients to be found are cobtained, whereby the
processing is advanced to step S445.

[0512]

In step 5445, the ccoefficient estimating circuit 24
outputs the found coefficient index and deccded high
frequency sub-band power estimating coefficient to the
decoding device 40 and causes this to be recorded, and the
coefficient learning processing is ended.

[0513]



47 decoded high frequency signal generating circuit 48 synthesizing circuit 50 coefficient learning
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For example, of the decoded high freguency sub-band
power estimating coefficients cutput to the decoding device
40, several have the same coefficient A;,(kb) as the linear
correlation item. Thus, as to the coefficient A;,(kb) which
these share, the coefficient learning device 81 corresponds
a linear correlation item index (pointer) which is
information identifying the ccefficient A;,(kb) thereof, and
as to the ccefficient index, corresponds the linear
correlation item index and coefficient Bip which is a
constant item.
i0514]

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

[0515]
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In this case, the linear correlation item index and
coefficient Aijr(kb) are correlated and recorded in the memory
within the high freguency decoding circuit 45, whereby the
linear correlation item index and coefficient Bi, can be
obtained from the coefficient index, and further the
coefficient Ai;,{kb) can be cbtained from the linear
correlation item index.

[0516]

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

(65177

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

the supplied wide band teacher signal.



- 185 - SP248477 CLAIMS [Claim 1] A frequency band extending device comprising:  signal dividing
means configured to divide an input signal into a plurality of sub-band signals; feature amount
calculating means configured to calculate feature amount which expresses a feature of said input
signal using at least one of said plurality of sub-band signals divided by said signal dividing means,
and said input signal;  high frequency sub-band power estimating means configured to calculate an
estimated value of a high frequency sub-band power that is the power of a sub-band signal having a
higher frequency band than said input signal based on said feature amount calculated by said feature
amount calculating means; and  high frequency&igral component generating means configured to
generate a high frequency signal component based on said plurality of sub-band Bigreds divided by
said signal dividing means, and the estimated value of said high frequency sub-band power calculated
by said highifééd@eéncy sub-band power estimating means;  wherein the frequency band of said

input signal is extended using said high frequency signal component generated by said high frequency
ggnajcomponmﬂ§ﬁﬁﬁnﬁﬁﬁ§ the coefficient learning processing in Fig.

29 is described as normalizing a residual vector, but in one
or both of step 5436 or step $441, normalizing the residual
vector do not have to be performed.

[0519]

Also, an arrangement may be made wherein normalizing
the residual vector i§ performed, and sharing cf the linear
correlaticn items of the decocded high frequency sub-band
power estimating ccefficient is not performea. In such a
case, after the normalizing prccessing in step S436, the
normalized residual vector is clustered into the same number
cf clusters as the number of decoded high frequency sub-band
power estimating coefficients to be found. Frames of the
residual vectors belonging te the varicus clusters are used,
regression analysis is performed for each cluster, and
decoded high frequency sub-band power estimating
coefficients are generated for the various clusters.

[0520]

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

dedicated hardware or a general-use personal computer or the



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

- 180 -
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like, for example, that can execute various types of
functions by various types of programs being installed.
[0521]

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

[0522]

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

I0523]

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

[0524]

With a computer configured as described above, for

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

unit 108 to the RAM 103, via the input/output interface 105



The frequency band extending device according to Claim 1, wherein said feature amount calculating
means calculate difference between the maximum and minimum powers in a predetermined frequency
band, of said input signal, as said feature amount. [Claim 5] The frequency band extending device
according to Claim 1, wherein said feature amount calculating means calculate a temporal variation of
difference between the maximum value and minimum value of power in a predetermined frequency
band, of said input signal, as said feature amount. [Claim 6] - 187 - SP248477 The frequency
band extending device according to Claim 1, wherein said feature amount calculating means calculate
the slope of a power in a predetermined frequencygiarnd, of said input signal, as said feature amount.
[Claim 7] The frequency band extending device according to Claim 1, wherefiPg4iiféature amount

calculating means calculate a temporal variation of the slope of a power in a
and bus 104, and executes this, whereby the series of the

above-described processing is performed.
[0525]

The program that the computer {(CPU 101) executes is
recorded in removable media 111 which is package media made
up of a magnetic disc (including flexible disé&, optical
disc (CD-RCM (Compact Disc - Read Only Memory), DVD (Digital
Versatile Disc) or the like), magneto-optical disc, or semi-
conductor memory or the like, for example, or is provided
via a cable or wireless transmission medium such as a local
area network, the Internet, or digital satellite broadcast.
[0526]

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

[0527]

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

at necessary timing such as when called up, or the like.



predetermined frequency band, of said input signal, as said feature amount. [Claim 8] The
frequency band extending device according to Claim 1, wherein said high frequency sub-band power
estimating means calculate of an estimated value of said high frequency sub-band power based on
said feature amount, and a coefficient for each high frequency sub-band obtained beforehand by
learning. [Claim 9] The frequency band extending device according to Claim 8, wherein said
coefficient for each high frequency sub-band is generated by performing clustering of the residual
vector of said high frequency signal component calculated with the coefficient for each high frequency
sub-band obtained by regression analysis with-a pkality of teacher signals, and performing regression
analysis, for each cluster obtained by - 188 - SP248477 said clustering, using sai® teather signals
belonging to said cluster. [Claim 10]  The frequency band extending device according to Claim 9,
wherein said f8si@dal vector is normalized with the dispersion value of each component of a plurality of
said residual vectars, and said vector after normalization is subjected to clustering. [Claim 11]
Note that the embodiments of the present invention are
not restricted to the above-described embodiments, and
various modifications may be made within the essence of the
present invention.
Reference Signs List
[0529]
10 freguency band extending device
11 low-pass filter
12 delay circuit
13, 13-1 through 13-N bandpass filter
14 feature amount calculating circuit
15 high frequency sub-band power estimating circuit
16 high frequency signal generating circuit
17 high-pass filter
18 signal adding unit
20 coefficient learning device
21, 21i-1 through 21-(K+N) bandpass filter
22 high frequency sub-band power calculating circuit
23 feature amount calculating circuit
24 coefficient estimating circuit
30 encoding device
31 low-pass filter

32 low fregquency encoding circuit

33 sub-band dividing circuit



The frequency band extending device according to Claim 9, wherein said high frequency sub-band
power estimating means calculate an estimated value of said high frequency sub-band power based
on said feature amount, and the coefficient and constant for each of said high frequency sub-bands;
and wherein said constant is calculated from a centerof-gravity vector for said new clusters obtained
by further calculating said residual vector using the coefficient for each high frequency sub-band
obtained by regression analysis with said teacher signals belonging to said cluster, and performing
clustering of said residual vector thereof to a plurality of new clusters. [Claim 121  The frequency
band extending device according to Claim 11, wh&2ir-said high frequency sub-band power estimating
- 189 - SP248477 means record the coefficient for each of said high frequency s&B4#dids, and a
pointer that determines the coefficient for said each high frequency sub-band, in a correlated manner,
and also record aplurdiiep tfisets:nbsaid peihterlarid sgidcconstant, and some of a plurality of said sets
include a pointer having the same value. [Claim 13] = The frequency band extending device

according to Claim 1, WREMHT saidhi gﬁ:ﬁgaﬁaﬁé{y E}&haﬁ’ BAePRITRF Rl géihérde said high

frequency sjgnal.component from a low frequency sub-band power that is a power of said plurality of
sub-band signals, and an estimated value of said high frequency sub-band power. [Claim 14] A
frequency band exténdisgmisthothtompesirgicy sub-band power difference

calculating circuit

37 high frequency enceding circuit

38 multiplexing circuit

40 decoding device

41 demultiplexing circuit

42 low frequency decoding circuit

43 sub-band dividing circuit

44 feature amount calculating circuit

45 high freguency decoding circuit

46 decoded high frequency sub-band power calculating
circuit

47 decoded high frequency signal generating circuit

48 synthesizing circuit

50 coefficient learning device

51 low-pass filter

52 sub-band dividing circuit

53 feature amount calculating circuit

54 pseudec high freguency sub-band power calculating
circuit

55 pseudo high fregquency sub-band power difference

calculating circuit



a signal dividing step arranged to divide an input signal into a plurality of sub-band signals; a
feature amount calculating step arranged to calculate feature amount which expresses a feature of
said input signal using at least one of said plurality of sub-band signals divided by the processing in
said signal dividing step, and said input signal;  a high frequency sub-band power estimating step
arranged to calculate an estimated value of a high frequency sub-band power that is the power of a
sub-band signal having - 190 - SP248477 a higher frequency band than said input signal based on
said feature amount calculated by the processing in said feature amount calculating step; and a
high frequency signal component generating sted &a#ranged to generate a high frequency signal
component based on said plurality of sub-band signals divided by the processingta&#d signal dividing
step, and the estimated value of said high frequency sub-band power calculated by the processing in
said high frequendyfsubszanitbpowehn eStiawating step;b-baineraiv the frégiifacydand of said input
signal is extended using said high frequency signal component generated by the processing in said
high frequerty SigRaFEImpbRERE Generating step. [Claim 15] A program comprising:  a signal

dividing step arranged &gyﬂgggﬂgpgg§%w}8 a.plurality of sub-band signals;
101 CPRU
102 ROM
103 RaAM
104 BUS
105 INPUT/OUTPUT INTERFACE
106 INPUT UNIT
107 OUTPUT UNIT
108 STORAGE UNIT
109 COMMUNICATION UNIT
110 DRIVE

111 REMOVABLE MEDIA



a feature amount calculating step arranged to calculate feature amount which expresses a feature of
said input signal using at least one of said plurality of sub-band signals divided by the processing in
said signal dividing step, and said input signal;  a high frequency sub-band power estimating step
arranged to calculate an estimated value of a high frequency - 191 - SP248477 sub-band power that
is the power of a sub-band signal having a higher frequency band than said input signal based on said
feature amount calculated by the processing in said feature amount calculating step; and  a high
frequency signal component generating step arranged to generate a high frequency signal component
based on said plurality of sub-band signals dividegslay the processing in said signal dividing step, and
the estimated value of said high frequency sub-band power calculated by the preeggsingin said high
frequency sub-band power estimating step;  causing a computer to execute processing for
extending the frequency band of said input sigralamisy said high frequency signal component
generated by the processing in said high frequency signal component generating step [Claim 16] An
encoding de{/@eaé&nb}ising: sub-band dividing means configured to divide an input signal into a

plurality of sub-baﬁd% a qléo gengrate a law frequengy sub-band signal made up of a plurality of
sub-bands at a low frerql?éncly} Side %n% a Ofg%“%%e%‘} ‘sub-band glgﬁé?%ade up of a plurality of

sub-bands at a highiffequengy sithaig mieatdre-ampimt calculating: nesnsseonfigured to calculate
feature amount that expresses a feature of said

signal into a plurality of sub-band signals;

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

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

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

wherein the frequency band of said input signal is
extended using said high frequency signal component

generated by said high frequency signal component generating



- 192 - SP248477 input signal, using at least one of said low frequency sub-band signal generated by
said sub-band dividing means, and said input signal;  pseudo high frequency sub-band power
calculating means configured to calculate a pseudo high frequency sub-band power that is a pseudo
power of said high frequency sub-band signal based on said feature amount calculated by said feature
amount calculating means;  pseudo high frequency sub-band power difference calculating means
configured to calculate a high frequency sub-band power that is the power of said high frequency
sub-band signal from said high frequency sub-band signal generated by said sub-band dividing
means, and to calculate pseudo high frequency &#$-band power difference that is difference as to said
pseudo high frequency sub-band power calculated by said pseudo high frequer&gZsifiEband power
calculating means;  high frequency encoding means configured to encode said pseudo high
frequency subaband power difference calculated by said pseudo high frequency sub-band power
difference calculatin% means to generate high frequency encoded data;  low frequency encoding
means conf(&]lr%iﬂo dncode a low frequency signal that is a low frequency signal of said input signal

to generate low fr@gge@%w@faggdsiﬂa: a&@m‘i@&iﬁ%ﬁr@@cmmgdée pylliplex said low -

193 - SP248477 frequency encoded data generated by said low frequency encoding means, and said
high frequehey eneodéd datageheratecebypsaichhigtefrequendnenceding means laobtain an output
code string.
lew frequency sub-band power that is a power of said
plurality of sub-band signals as said feature amcunt.
{Cilaim 3]
The frequency band extending device according to Claim
1, wherein said feature amount calculating means calculate a
temporal variation of a low frequency sub-band power that is
a power of said plurality of sub-band signals as said
feature amocunt.
[Claim 4]
The frequency band extending device according to Claim
1, wherein said feature amount calculating means calculate
difference between the maximum and minimum powers in a
predetermined frequency band, of said input signal, as said
feature amount.
[Claim 5]
The frequency band extending device according to Claim
1, wherein said feature amount calculating means calculate a
temporal variation of difference between the maximum value
and minimum value of power in a predetermined fregquency band,

of said input signal, as said feature amount.

[Claim 6]



[Claim 17]  The encoding device according to Claim 16, further comprising:  low frequency
decoding means configured to decode said low frequency encoded data generated by said low
frequency encoding means to generate a low frequency signal;  wherein said sub-band dividing
means generate said low frequency sub-band signal from said low frequency signal generated by said
low frequency decoding means. [Claim 18]  The encoding device according to Claim 16, wherein
said high frequency encoding means calculate similarity between said pseudo high frequency
sub-band power difference, and a representative vector or representative value in predetermined
plurality of pseudo high frequency sub-band pewes difference space to generate an index
corresponding to a representative vector or representative value of which the sifflafify i5’the
maximum, as said high frequency encoded data. [Claim 19] The encoding device according to Claim
16, wherein said Th941fr8R248477pwed dextighdiequeiscyisith-band pdiver diffefdadencalculating
means caIcH;Ifate an evaluated value based on said pseudq high frequency sub-band power of each

sub-band, ahd S HiGR fEdiieneS SulEBaRt BEWerTor SveRF plifafits B oetGBnifor calculating
said pSGUdQ;HLthfi%g,lée%(‘fy subhand pawerredetermined frequency band, of

said input signal, as said feature amcunt.
[Claim 7]

The frequency band extending device according to Claim
1, wherein said feature amount calculating means calculate a
tempeoral variation of the slope of a power in a
predetermined frequency band, of said input signal, as said
feature amcunt.
{Claim 8]

The frequency band extending device according to Claim
1, wherein said high frequency sub-band power estimating
means calculate of an estimated value of said high frequency
sub-band power based on saild feature amount, and a
coefficient for each high fregquency sub-band obtained
beforehand by learning.
[Claim 2]

The freguency band extending device according to Claim
8, wherein said coefficient for each high frequency sub-band
is generated by performing clustering of the residual wvector
of said high frequency signal component calculated with the
coefficient for each high frequency sub-band obtained by
regression analysis with a plurality of teacher signals, and

performing regression analysis, for each cluster obtained by



and wherein said high frequency encoding means generate an index indicating said coefficient of said
evaluated value that is the highest evaluated value, as said high frequency encoded data. [Claim 20]
The encoding device according to Claim 19, wherein said pseudo high frequency sub-band power
difference calculating means calculate said evaluated value based on at least any of sum of squares of
said pseudo high frequency sub-band power difference of each sub-band, the maximum value of the
absolute value of said pseudo high frequency sub-band power of said sub-band, or the mean value of
said pseudo high frequency sub-band power difference of each sub-band. [Claim 21]  The encoding
device according to Claim 20, wherein said pseuda high frequency sub-band power difference
calculating means calculate said evaluated value based on said pseudo high fregp@égy sub-band
power difference of different frames. [Claim 22] The encoding device according to Claim 20, wherein
said - 195 -s6R24847& pseidg, high freguenicy sulxbasd polveradiferericengaleylatitig means calculate
said evaluated value using said pseudo high frequency sub-band power difference multiplied by weight
that is weighFor etH $tBEband such that the lower frequency side the sub-band is, the greater weight
thereof is. [CEI@'irQi%@]m]The_encoding device _according to Claim 20,_Wherein said pseudo_high _
frequency sub-band power difference calculating means calculate said evaluated value using said
pseudo high frequehey Subshand pawerdiderance: mylielietdy wetghtdbatistweighd far each
sub-band such that the greater said high frequency sub-band power of the sub-band is, the greater
We@htﬂmnéwi§her8in said residual vector is normalized with the

dispersion value of each component of a plurality of said

residual vectors, and sald vector after normalization is

subjected to clustering.

[Claim 11]

The frequency band extending device according to Clainm

9, wherein said high fregquency sub-band power estimating

means calculate an estimated value of said high freguency

sub-band power based on said feature amount, and the

coefficient and constant for each of said high freguency

sub-bands;

and wherein said constant is calculated from a center-

of-gravity vector for said new clusters obtained by further

calculating said residual vector using the cecefficient for

each high frequency sub-pand obtained by regression analysis

with said teacher signals belonging to said cluster, and

performing clustering of said residual vector therecf to a

plurality of new clusters.

{Claim 12]

The frequency band extending device according tc Claim

11, wherein said high frequency sub-band power estimating



[Claim 24] An encoding method comprising:  a sub-band dividing step arranged to divide an input
signal into a plurality of sub-bands, and to generate a low frequency sub-band signal made up of a
plurality of sub-bands at a low frequency side and a high frequency sub-band signal made up of a
plurality of sub-bands at a high frequency side;  a feature amount calculating step arranged to
calculate feature amount that expresses a feature of said input signal, using at least one of said low
frequency sub-band signal - 196 - SP248477 generated by the processing in said sub-band dividing
step, and said input signal;  a pseudo high frequency sub-band power calculating step arranged to
calculate a pseudo high frequency sub-band powit%hat is a pseudo power of said high frequency
sub-band signal based on said feature amount calculated by the processing in s&f@ #84tlife amount
calculating step;  a pseudo high frequency sub-band power difference calculating step arranged to
calculate a HighTfre RsTTESsiiBdapreefdwer erdt i thie power of said Bighistegdergprsnbiband signal
from said high.frequency sub:band signal generated by the processing in said sub-band dividing step,
and to calcu%a%—%%enu%d h%rhdfrgqﬁgrl]g’;y ghb- h<'§1—°“ntd %%%F%ﬁ%r%nge Th ﬁ%%ﬁﬁgr}e%té 48%o said pseudo

high frequengy: sub-band-pewer calculated by:thapracessing.insaid pseuda highfegquency sub-band
power calculating step;  a high frequency encoding step arranged to encode said pseudo high
frequency sabbandpowetdiffereneéwzculate By tied prodessiniglirpsamitsse uduihghiftequency
sub-band power differen%%ga!sculatin step to %enerate hifh frequency encoded data; alow

frequency eReBaIng Step RitanGad t& endols & P frégtendy St iiati8 & 8WFfréquency signal of
said input sigpahta-gengkate JowHequancwanceded data; and a multiplexing step arranged to

multiplex said low
[Claim 13]

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

[Claim 14]

A frequency band extending method comprising:

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

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

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

sub-band power that is the power of a sub-band signal having



- 197 - SP248477 frequency encoded data generated by the processing in said low frequency
encoding step, and said high frequency encoded data generated by the processing in said high
frequency encoding step to obtain an output code string. [Claim 25] A program causing a computer
to execute processing comprising:  a sub-band dividing step arranged to divide an input signal into a
plurality of sub-bands, and to generate a low frequency sub-band signal made up of a plurality of
sub-bands at a low frequency side and a high frequency sub-band signal made up of a plurality of
sub-bands at a high frequency side;  a feature amount calculating step arranged to calculate feature
amount that expresses a feature of said input 3igh#f, asing at least one of said low frequency sub-band
signal generated by the processing in said sub-band dividing step, and said inp8€<i§#al’ a pseudo
high frequen\tlz\}/@sub-band power calculating step arranged to calculate a pseudo high frequency

sub-band pdwet #H&t4s B FSeEEs powErbfidsrd high fe&lBHEy ShBFENPaRFRAI BRsEd Th said feature

amount caI%LéI%tced l%y g@ﬁ% pre c%ssi'ré%'iré §giéj geatlérﬁaeamrognte C%I&{Iati:p stéaga af%%etuudoehigh frequency
sub-band power Qifference calcu ating step arl%nged fo calculate 4 hig ?requency sub-

amount calculating step; and

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

wherein the frequency band of said input signal is
extended using said high fregquency signal component
generated by the processing in said high frequency signal
component generating step.
fClaim 15}

A program comprising:

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

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

a high frequency sub-band power estimating step

arranged to calculate an estimated value of a high freguency



- 198 - SP248477 band power that is the power of said high frequency sub-band signal from said high
frequency sub-band signal generated by the processing in said sub-band dividing step, and to
calculate pseudo high frequency sub-band power difference that is difference as to said pseudo high
frequency sub-band power calculated by the processing in said pseudo high frequency sub-band
power calculating step;  a high frequency encoding step arranged to encode said pseudo high
frequency sub-band power difference calculated by the processing in said pseudo high frequency
sub-band power difference calculating step to generate high frequency encoded data; a low
frequency encoding step arranged to encode a |owW frequency signal that is a low frequency signal of
said input signal to generate low frequency encoded data; and  a multiplexinge@@p8drtanged to
multiplex said low frequency encoded data generated by the processing in said low frequency
encoding stepland saidhighfradadéncys entededvwiata genaratedthatht prigpessinginisaid high
frequency encodinlg step to obtain an output code string. [Claim 26] A decoding device comprising:

demultiplexing ThERRE coRfGarET Yo BRRTLTBRY iRpafenbBisd At o 2R F65t98wSrdduency
enCOdedda§é§BQEH1Eﬁgﬁﬁt'%%ia§ﬁ§4§ﬁl@'the processing in said feature

amount calculating step; and

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

causing a computer to execute processing for extending
the freguency band of said input signal using said high
frequency signal component generated by the processing in
said high freguency signal component generating step.
[Claim 16]

An encoding device comprising:

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

feature amcunt calculating means configured to

calculate feature amcunt that expresses a feature of said



low frequency decoding means configured to decode said low frequency encoded data to generate a
low frequency signal;  sub-band dividing means configured to divide the band of said low frequency
signal into a plurality of low frequency sub-bands to generate a low frequency sub-band signal for each
of said low frequency sub-bands; and  generating means configured to generate said high
frequency signal based on said index and said low frequency sub-band signal. [Claim 27]  The
decoding device according to Claim 26, wherein said index is obtained, at a device which encodes an
input signal and outputs said encoded data, based on said input signal before encoding, and said high
frequency signal estimated from said input signall $€latm 28]  The decoding device according to
Claim 26, wherein said index has not been encoded. [Claim 29]  The decodingFdédéé according to
Claim 26, wherein said index is information indicating an estimating coefficient used for generation of
said high fréquericysdignall [Clainm30EThé elecodie device aict oiding foeClaémc29, sulverein said

band signal generated by sald sub-band dividing means, and
said input signal;

pseudo high frequency sub-pand power caiculating means
configured to calculate a pseudo high frequency sub-band
power that is a pseudo power of said high frequency sub-band
signal based on said feature amount calculated by said
feature amount calculating means;

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

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

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

multiplexing means configured to multiplex said low



- 200 - SP248477 generating means generate said high frequency signal based on, of a plurality of
said estimating coefficients, said estimating coefficient indicated by said index. [Claim 31] The
decoding device according to Claim 29, said generating means comprising:  feature amount
calculating means configured to calculate feature amount that expresses a feature of said encoded
data using at least one of said low frequency sub-band signal and said low frequency signal;  high
frequency sub-band power calculating means configured to calculate a high frequency sub-band
power of a high frequency sub-band signal of said high frequency sub-band by calculation using said
feature amount and said estimating coefficientreg2®ding each of a plurality of high frequency
sub-bands making up the band of said high frequency signal; and  high frequéReéy 8#jhal generating
means configured to generate said high frequency signal based on said high frequency sub-band
power and Saigdwirat wrscsub-dane signal fCkinb32]saifhéwectdingrervice according to Claim

31, wherein said Qi%h frequency sub-band power calculating means calculate said high frequency

sub-band pSWEPot BdidWighTreqish&f ol 1 Bp2Agarpncy encoded data
generated by saild high freguency encoding means to obtain an
cutput cecde string.
[Claim 17]

The enceding device according to Claim 16, further
cemprising:

low freguency decoding means configured to decode said
low frequency encoded data generated by said low fregquency
enceding means to generate a low frequency signal;

wherein said sub-band dividing means generate said low
frequency sub-band signal from said low freguency signal
generated by said low frequency decoding means.

[Claim 18]

The encoding device according to Claim 16, wherein said
high frequency encoding means calculate similarity between
said pseudo high freguency sub-band power difference, and a
representative vector or representative value in
predetermined plurality of pseudo high frequency sub-band
pewer difference space to generate an index corresponding to
a representative vector or representative value of which the
similarity is the maximum, as said high freguency encoded
data.

[Claim 19}

The enceoding device accerding to Claim 16, wherein said



sub-band by linearly combining a plurality of said feature amount using said estimating coefficient
prepared for each of said high frequency sub-bands. [Claim 33]  The decoding device according to
Claim 32, wherein said feature amount calculating means calculate a low frequency sub-band power
of said low frequency sub-and signal for each of said low frequency sub-bands as said feature amount.
[Claim 34]  The decoding device according to Claim 31, wherein said index is information indicating
said estimating coefficient whereby said high frequency sub-band power most approximate to said
high frequency sub-band power obtained from said high frequency signal of said input signal before
encoding is obtained as a result of comparison-betsveen said high frequency sub-band power obtained
from said high frequency signal of said input signal before encoding and said higlrfreguency sub-band
power generated based on said estimating coefficient of a plurality of said estimating coefficients.
[Claim 35] psEwidebadingfdeviceacgordingharaiawid; wigredrsaidindex s infesmation indicating
said estimating coefficient whereby the sum of squares of difference between said high frequency

sub-band pdfersbitct irohs saitl RighredFeh &R digmaPBFEsidaRpEESYnaFBERRe B EBdIng, and
said high - 2022 3k24B4Gieguancy sub-band power gensigied hased g0 sald ggtimating coefficient
b-ban Cla

obtained for each of said high frequency su s, becomes thé minimam. i 36] The
decoding deficejaccarding:1o-Ehait 84weherein saidenoetedadata fusherinchudes diffesence
information indicating difference between said high frequency sub-band power obtained from said high
frequency sigial 6 S&idiRpLTEigial BeRTe S dthay, A6 SarRPFYhTreqiaRs) sewpand power

generated based %@1&%@%%@9“ngcgeﬁlcd%mfigq%@néy encoding means generate

an index indicating said coefficient cof said evaluated value
that is the highest evaluated value, as said high freguency
encoded data.

[Ciaim 20]

The encoding device according to Claim 19, wherein said
pseudo high frequency sub-band power difference calculating
means calculate said evaluated value based on at least any
of sum of squares of said pseude high frequency sub-band
power difference of each sub-band, the maximum value of the
gbsolute value of said pseudo high freguency sub-band power
of said sub-band, or the mean value of said pseudo high
frequency sub-kand power difference of each sub-band.

{Cilaim 21}

The encoding device according to Claim 20, wherein said
pseudo high frequency sub-band power difference calculating
means calculate said evaluated value based on said pseudo
high frequency sub-band power difference of different frames.
[Claim 22]

The encoding device according to Claim 20, wherein said



The decoding device according to Claim 36, wherein said difference information has been encoded.
[Claim 38] The decoding device according to Claim 36, wherein said high frequency sub-band
power calculating means add said difference indicated with said difference information included in said
encoded data to said high frequency sub-band power obtained by calculation using said feature
amount and said estimating coefficient;  and wherein said high frequency signal generating means
generate said high frequency signal based on said high frequency sub-band power to which said
difference has been added, and said low frequency sub-band signal. [Claim 39] - 203 - SP248477
The decoding device according to Claim 31, whek@im said estimating coefficient is obtained by
regression analysis using the least square method with said feature amount as aRZé§Adiatory variable
and said high frequency sub-band power as an explained variable. [Claim 40] = The decoding device
according t® €taide 31 tirtiaecyemeagingiwvitbesaidiadex beidf #femnation Iindidatiiga difference
vector made up of saiq dierrtence fo(g1 eachlof sJéaid hi Iyrequency sub-bands wherein difference
between said- fé% f(rzgq&éin@y SuBdand BSW%? BBthiN %?orﬁ%iarftﬂlh@% e858ﬁ&9 sR}lﬁ%}I1 of said input
signal beforeengading, and saidhhigh-ilequeneysubhand-pawer gengrated.hased-on said estimating

coefficient as an element:  coefficient output means configured to obtain distance between a
representativeatectsr geigpreséptatbachalaelinfeatire spaceiof satdidiffereace with said difference of
said high fre uenc% sub-bands as an element, obtained beforehand for each of said estimating

coefficients “ANFSERT differaRcE Vactorinarated By <Hid ifHSe Bhtl (55 f5Hty SARF §8fmating

coefficient of said representative vector or said representative value whereby said distance is
[Claim 23]

The enceding device according to Claim 20, wherein said
pseude high freguency sub-band power difference calculating
means calculate said evaluated value using said pseudo high
frequency sub-band power difference multiplied by weight
that is weight for each sub=-band such that the greater said
high frequency sub-band power of the sub-band is, the
greater weight thereof is.

[Claim 24)]

An enceding method comprising:

a sub-band dividing step arranged to divide an input
signal into a plurality of sub-bands, and to generate a low
frequency sub-kand signal made up 0f a plurality of sub-
bands at a low frequency side and a high frequency sub-band
signal made up of a plurality of sub-bands at a high
frequency side;

a feature amcunt calculating step arranged to calculate
feature amount that expresses a feature of said input signal,

using at least one of said low frequency sub-band signal



the shortest, of a plurality of said estimating coefficients, to said high frequency sub-band power
calculating means. [Claim 41] - 204 - SP248477  The decoding device according to Claim 29,
wherein said index is information indicating said estimating coefficient of a plurality of said estimating
coefficients whereby as a result of comparison between said high frequency signal of said input signal
before encoding, and said high frequency signal generated based on said estimating coefficient, said
high frequency signal most approximate to said high frequency signal of said input signal before
encoding is obtained. [Claim 42]  The decoding device according to Claim 29, wherein said
estimating coefficient is obtained by regression ah@#ysis. [Claim 43]  The decoding device according
to Claim 26, wherein said generating means generate said high frequency signdB¥&E47Gn information
obtained by decoding said encoded index. [Claim 44]  The decoding device according to Claim 43,
wherein said #8¢eehas beentsgbjertmtsangopy enedding: fCramdd 5jiA tétodirm: amthod
comprising: _ .ade ulgglexin% step ?(ranged to demultiplex input encoded data into at least low

8 Hitan iHdex;

frequency eficodad data

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

a pseude high frequency sub-band power difference
calculating step arranged to calculate a high freguency sub-
band ?ower that is the power of said high frequency sub-band
signal from said high frequency sub-band signal generated by
the processing in said sub-band dividing step, and to
calculate pseudec high frequency sub-band power difference
that is difference as to said pseudo high fregquency sub-band
power calculated by the processing in said pseudo high
frequency sub-band power calculating step:

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

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

a multiplexing step arranged to multiplex said lcw



a low frequency decoding step arranged to decode said - 205 - SP248477 low frequency encoded
data to generate a low frequency signal;  a sub-band dividing step arranged to divide the band of
said low frequency signal into a plurality of low frequency sub-bands to generate a low frequency
sub-band signal for each of said low frequency sub-bands; and  a generating step arranged to
generate said high frequency signal based on said index and said low frequency sub-band signal.
[Claim 46] A program causing a computer to execute processing comprising:  a demultiplexing
step arranged to demultiplex input encoded data into at least low frequency encoded data and an
index;  alow frequency decoding step arranged 3 decode said low frequency encoded data to
generate a low frequency signal;  a sub-band dividing step arranged to divide3g&4id/of said low
frequency signal into a plurality of low frequency sub-bands to generate a low frequency sub-band
signal for eatheefis=id jowriegiehciaseb-pendspénd by the processing in said

low fregquency enceding step, and said high frequency enceded
data generated by the processing in said high freguency
encoeding step to obtain an output code string.

[Claim 25]

A program causing a computer to execute processing
comprising:

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

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

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

a pseudo high frequency sub-band power difference

calculating step arranged to calculate a high frequency sub-



a generating step arranged to generate said high frequency signal based on said index and said low
frequency sub-band signal. - 206 - SP248477 [Claim 47] A decoding device comprising:
demultiplexing means configured to demultiplex input encoded data into low frequency encoded data
and an index for obtaining an estimating coefficient used for generation of a high frequency signal,

low frequency decoding means configured to decode said low frequency encoded data to generate a
low frequency signal; sub-band dividing means configured to divide the band of said low frequency
signal into a plurality of low frequency sub-bands to generate a low frequency sub-band signal for each
of said low frequency sub-bands; feature ama@st calculating means configured to calculate feature
amount that expresses a feature of said encoded data using at least one of saidGR¥ fréddiency
sub-band signal and said low frequency signal; high frequency sub-band power calculating means
configured teccalcplare a High frequerioy subxeandpoweecofithethigh dmrrericyssub-band signal of said
high frequency sub-band by multiplexing said feature amount hy said estimating coefficient determined

by said inde3cGF& plurafif Mdpé]s?% BEEficTHE prapstet iR e FERE FEJ&TIRY each of a
plurality of higla frsauensy sub-pands rakiag.up. the hand g saidhigh freguengy signal,

calculate pseudc high frequency sub-band power difference
that is difference as to said pseudo high fregquency sub-band
power calculated by the preocessing in said pseudo high
frequency sub-band power calculating step;

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

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

a multiplexing step arranged to multiplex said low

- frequency enceded data generated by the processing in said
low frequency encoding step, and said high frequency encocded
data generated by the processing in said high frequency
encoding step to obtain an output code string.

[Claim 2¢€]

A decoding device comprising:

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

index;



- 207 - SP248477 and obtaining the sum of said feature amount by which said estimating coefficient
has been multiplied; and  high frequency signal generating means configured to generate said high
frequency signal using said high frequency sub-band power and said low frequency sub-band signal.
[Claim 48] The decoding device according to Claim 47, wherein said feature amount calculating
means calculate a low frequency sub-band power of said low frequency sub-band signal for each of
said low frequency sub-bands as said feature amount. [Claim 49]  The decoding device according to
Claim 48, wherein said index is information for obtaining said estimating coefficient of said plurality of
said estimating coefficients whereby the sum of dqi¥ares of difference obtained for each of said high
frequency sub-bands, which is difference between said high frequency sub-ban8B¥dfér’dbtained from
the true value of said high frequency signal, and said high frequency sub-band power generated with
said estimating coefficié nE Bisiries e AdinimugrfClairrEi]gurFhetdectrtingelesicedaccording to

Claim 49, ngvrv;eip said@i!ndex furth%incgjdt_fa di{ference inf%rmati%n indiicatin difference between said
high frequen®y sUbaNd fower ~268 -2ate o generate a Low irequency

signal;

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

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

[Claim 27]

The deccding device according to Claim 26, wherein said
index is obtained, at a device which encodes an input signal
and outputs said encoded data, based on said iﬁput signal
before encoding, and said high frequency signal estimated
from said input signal.

[Claim 28]

The decoding device according to Claim 26, wherein said
index has not been encoded.
[Claim 29]

The decoding device according to Claim 26, wherein said
index is information indicating an estimating coefficient
used for generation of said high frequency signal.

IClaim 30]

The décoding device according to Claim 29, wherein said



SP248477 obtained from said true value, and said high frequency sub-band power generated with said
estimating coefficient;  and wherein said high frequency sub-band power calculating means further
add said difference indicated by said difference information included in said index to said high
frequency sub-band power obtained by obtaining the sum of said feature amount by which said
estimating coefficient has been multiplied; = and wherein said high frequency signal generating
means generate said high frequency signal using said high frequency sub-band power to which said
difference has been added by said high frequency sub-band power calculating means, and said low
frequency sub-band signal. [Claim 51]  Thedez®@ing device according to Claim 47, wherein said
index is information indicating said estimating coefficient. [Claim 52]  The dec®tirdd ééVice according
to Claim 47, wherein said index is information obtained by information indicating said estimating
coefficient &g sabjettedeg eatapyerdodingd ahghwifereiusaiihighorequeecsedub-band power
calculating meangfcaa!culzjlte s§id high reggjency syb-band power _using said estimating coefficient

indicated by inforiafior sBtaned by de Sotlifig Eaid MtleX fCafn 3oL 9beSr sB348477

estimating coefficient indicated by said index.
[Claim 31]

The decoding device according to Claim 29, said
generating means comprising:

feature amount calculating means configured to
calculate feature amount that expresses a feature of said
encoded data using at least one of said low freguency sub-
pand signal and said low frequency signal;

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

high frequency signal generating means configured to
generate said high freguency signal based on said high
frequency sub-band power and said low fregquency sub-band
signal.
[Claim 32]

The decoding device according to Claim 31, wherein said
high freguency sub-band power calculating means calculate

said high frequency sub-band power of said high frequency



The decoding device according to Claim 47, wherein said plurality of said estimating coefficients are
obtained beforehand by regression analysis using the least square method with said feature amount
as an explanatory variable and said high frequency sub-band power as an explained variable. [Claim
54]  The decoding device according to Claim 47, further comprising, with said index being
information indicating a difference vector made up of said difference for each of said high frequency
sub-bands wherein difference between said high frequency sub-band power obtained from the true
value of said high frequency signal, and said high frequency sub-band power generated with said
estimating coefficient as an element:  coeffieie?® butput means configured to obtain distance
between a representative vector or representative value in feature space of said B&fténce with said
difference of said high frequency sub-bands as an element, obtained beforehand for each of said
estimating cogfficients, ndlsaidatifferengevedtog irdipdtedady saiddndexridnd ¢a supply said
estimating coefficient of said representative vector or said representative value whereby said distance
is the shortéRCBP 5 piirdiey 5Rs&idCEtiMaing Toeffdénts! & SaifgATR UEcy" 4% band power

calculating means; ¢ 21¢n SH248AAICIaim -25]f decoding method comprising:  a demultiplexing
step arranged to demultiplex input encoded data into low frequency encoded data and an index for

obtaining arl @stismatifglcoefficient used for generation of a high frequency signal;  a low frequency

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

signal: The decoding device accordirg to Claim 32, wherein said
feature amount calculating means calculate a low freguency
sub-band power of said low frequency sub-and signal for each
of said low frequency sub-bands as said feature amocunt.
[Claim 34] |

The decoding device according to Claim 31, wherein said
index is information indicating said estimating coefficient
whereby said high frequency sub-band power most approximate
to said high frequency sub-band power cbtained from said
high freguency signal of said input signal before encoding
is obtained as a result of comparisocn between said high
freguency sub-band power obtained from said high frequency
signal of said input signal before encoding and said high
frequency sub-band power generated based on said estimating
coefficient of a plurality of said estimating coefficients.
[Claim 35]
The decoding device according to Claim 34, wherein said

index is information indicating said estimating coefficient
whereby the sum of squares of difference between said high

frequency sub-band power obtained from said high frequency

signal of said input signal before encoding, and said high



a sub-band dividing step arranged to divide the band of said low frequency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band signal for each of said low frequency
sub-bands;  a feature amount calculating step arranged to calculate feature amount that expresses
a feature of said encoded data using at least one of said low frequency sub-band signal and said low
frequency signal;  a high frequency sub-band power calculating step arranged to calculate a high
frequency sub-band power of the high frequency sub-band signal of said high frequency sub-band by
multiplexing said feature amount by said estimating coefficient determined by said index of a plurality
of said estimating coefficients prepared beforehah@lregarding each of a plurality of high frequency
sub-bands making up the band of said high frequency signal, and obtaining the 3b2d &4 77211 -
SP248477 said feature amount by which said estimating coefficient has been multiplied; and  a high
frequency sigredigenerating stepndrranged toggeneratsishigstigh drequendyesigrhakiising said high
frequency sub-bfa d power and said low frequency sub-band signal. [Claim 56] A program causing
a computer‘fg%xg%ﬁ o CREHG ESmpPRIng " 8 deiRdfiple@ty Sk iaA¥ed 48 demultiplex input

encoded data iiQ Jowdregiencyhencaded data and an index for obtaining an estimating coefficient
used for generation of a high frequency signal;  a low frequency decoding step arranged to decode

said low freqGémcyreiédded data to generate a low frequency signal;

The decoding device according to Claim 34, wherein said
encoded data further includes difference information
indicating difference between said high frequency sub-band
power cbtained from said high frequency signal of said input
signal before encoding, and said high frequency sub-band
power generated based on said estimating coefficient,

[Claim 37]

The decoding device according to Claim 36, wherein said
difference information has been encoded.
[Claim 38}

The decoding device according to Claim 36, wherein said
high frequency sub-band power calculating means add said
difference indicated with said difference information
included in said encoded data to said high freguency sub-
band power obtained by calculation using said feature amount
and said estimating coefficient;

and wherein said high frequency signal generating means
generate said high freguency signal based on said high
frequency sub-band power tc which said difference has been
added, and said low fregquency sub-band signal.

[Claim 39]



a sub-band dividing step arranged to divide the band of said low frequency signal into a plurality of low
frequency sub-bands to generate a low frequency sub-band signal for each of said low frequency
sub-bands;  a feature amount calculating step arranged to calculate feature amount that expresses
a feature of said encoded data using at least one of said low frequency sub-band signal and said low
frequency signal; a high frequency sub-band power calculating step - 212 - SP248477 arranged to
calculate a high frequency sub-band power of the high frequency sub-band signal of said high
frequency sub-band by multiplexing said feature amount by said estimating coefficient determined by
said index of a plurality of said estimating coefficiehts prepared beforehand regarding each of a
plurality of high frequency sub-bands making up the band of said high frequency 8&fi¥d,/dnd obtaining
the sum of said feature amount by which said estimating coefficient has been multiplied; and  a high

frequency signal Jéreratngsiey atenied pogensiratg shid Kighifre @iencihsigaahusimgdsaid high
frequency sub-band power an said low frequency sub-band signal. . )
estimating ccelficient i1s obtdined by regression analysis

using the least square method with said feature amount as an
explanatory variable and said high frequency sub-band power
as an explained wvariable.

[Claim 40]

The decoding device according to Claim 31, further
comprising, with said index being information indicating a
difference vector made up of said difference for each of
said high frequency sub=-bands wherein difference between
said high frequency sub-band power obtained from said high
frequency signal of said input signal before encoding, and
said high frequency sub-band power generated based cn said
estimating coefficient as an element:

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

[Claim 41]
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The decoding device according to Claim 29, wherein said
index is information imdicating said estimating coefficient
of a plurality of said estimating coefficients whereby as a
result of comparison between said high frequency signal of
said input signal before encoding, and said high freguency
signal generated based on said estimating cecefficient, said
high frequency signal most approximate to said high
frequency signal of said input signal before encoding is
obtained.

[Claim 42]

The decoding device according to Claim 29, wherein said
estimating coefficient is obtained by regression analysis.
[Claim 43]

The deccding device according to Claim 26, wherein said
generating means generate said high frequency signal based
on information obtained by decoding said encoded index.
[Claim 44]

The decoding device according to Claim 43, wherein said
index has been subjected to entropy encoding.

[Claim 45]

A decoding method comprising:

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

a low frequency decoding step arranged to decode said
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low frequency enccded data to generate a low frequency
sighal;

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

a generating step arranged to generate said high
frequency signal based on said index and said low freguency
sub~band signal.

[Claim 46]

A program causing a computer to execute processing
comprising:

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

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

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

a generating step arranged to generate said high
frequency signal based on said index and said low fregquency

sub-band signal.
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iClaim 47]

A decoding device comprising:

demultiplexing means configured to demultiplex input
encoded data into low frequency encoded data and an index
for obtaining an estimating coefficient used for generation
of a high freguency signal;

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

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

feature amount calculating means configured to
calculate feature amcunt that expresses a feature of said
encoded data using at least one ¢f said low freguency sub-
band signal and said low freguency signal;

high fregquency sub-band power calculating means
configured to calculate a high frequency sub-band power of
the high frequency sub-band signal of said high freguency
sub-band by multiplexing said feature amount by said
estimating coefficient determined by said index of a
piurality of said estimating coefficients prepared
beforehand regarding each of a plurality of high frequency

sub~bands making up the band of said high frequency signal,
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and obtaining the sum of said feature amount by which said
estimating coefficient has been multiplied; and

higﬁ frequency signal generating means configured to
generate said high frequency signal using said high
frequency sub-band power and said low freguency sub-band
signal.

[Claim 48]

The decoding device according to Claim 47, wherein said
feature amount calculating means calculate a low frequency
sub-band power of said low frequency sub-band signal for
each of said low frequency sub-bands as said feature amount.
[Claim 49)]

The decoding device according to Claim 48, wherein zaid
index is information for cbtaining said estimating
coefficient of said plurality of said estimating
coefficients whereby the sum of squares of difference
obtained for each of said high frequency sub-bands, which is
difference between said high freguency sub-band power
obtained from the true value of said high frequency signal,
and said high fregquency sub-band power generated with said
estimating coefficient, becomes the minimum.

[Claim 50]

The deccding device according to Claim 49, wherein said

index further include difference information indicating

difference between said high frequency sub-band power
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obtained from said true value, and said high frequency sub-
band power generated with said estimating cocefficient;

and wherein said high fregquency sub-band power
calcuLating means further add said difference indicated by
said difference information included in said index to said
high frequency sub-band power obtained by cbtaining the sum
of said feature amount by which said estimating coefficient
has been multiplied;

and wherein said high freguency signal generating means
generate saild high frequency signal using said high
frequency sub-band power to which said difference has been
added by said high freguency sub-band power calculating
means, and said low freguency sub-band signal.

[Claim 51]

The decoding device according to Claim 47, wherein said
index is information indicating said estimating coefficient.
iClaim 52]

The decoding device according to Claim 47, wherein said
index is information obtained by information indicating said
estimating coefficient being subjected to entropy encoding;

and wherein said high frequency sub-band power
calculating means calculate said high frequency sub-band
power using said estimating coefficient indicated by
information obtained by decoding said index.

[Claim 53]



- 208 -
5P248477

The decoding device according to Claim 47, wherein said
plurality of said estimating coefficients are obtained
beforehand by regression analysis using the least square
method with said feature amount as an explanatory variable
and said high frequency sub-band power as an explained
variable.

[Claim 543

The decoding device according to Claim 47, further
comprising, with said index being information indicating a
difference vector made up of said difference for each of
said high frequency sub-bands wherein difference between
said high frequency sub-band power obtained from the true
value of said high frequency signal, and said high frequency
sub-band power generated with said estimating coefficient as
an element:

coefficient output means configﬁred to obtain distance
between a representative vector or representative value in
feature space of said difference with said difference of
said high frequency sub-bands as an element, obtained
beforehand for each of said estimating cocefficients, and
sald difference vector indicated by said-index, and to
supply said estimating coefficient of said representative
vector or saild representative value whereby said distance is
the shortest, of a plurality of said estimating coefficients,

to said high frequency sub-band power calculating means.
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{Claim 55]

A decoding method comprising:

a demultiplexing step arranged to demultiplex input
encoded data into low freguency encoded data and an index
for obtaining an estimating cecefficient used for generation
cf a high frequency signal;

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

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

a feature amount calculating step arranéed to calculate
feature amcunt that expresses a feature of said encoded data
using at least one of said low frequency sub-band signal and
said low fregquency signal;

a high freguency sub-band power calculating step
arranged to calculate a high frequency sub-band power of the
high frequency sub-band signal of Qaid high frequency sub-
pand by multiplexing said feature amount by said estimating
coefficient determined by said index of a plurality of said
estimating coefficients prepared beforehand regarding each
of a plurality of high frequency sub-bands making up the

band ¢f said high frequency signal, and obtaining the sum of
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said feature amount by which said estimating coefficient has
been multiplied; and

a high frequency signal generating step arranged to
generate said high freguency signal using said high
frequency sub-band pcower and said low frequency sub-band
signal.

[Claim 56]

A program causing a computer to execute processing
comprising:

a demultiplexing step arranged to demultiplex input
encoded data intec low freguency encoded data and an index
for obtaining an estimating coefficient used for generation
of a high frequency signal;

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

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

a feature amount calculating step arranged to calculate
feature amount that expresses a feature of said encoded data
using at least one of said low freguency sub-band signal and
said low freguency signal;

a high frequency sub-band power calculating step
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arranged to calculate a high frequency sub-band power of the
high frequency sub-band signal of said high frequency sub-
band by multiplexing said feature amcunt by sald estimating
ccefficient determined by said index of a plurality of said
estimating cocefficients prepared beforehand regarding each
of a plurality of high frequency sub-bands making up the
band of said high frequency signal, and obtaining the sum of
said feature amount by which said estimating coefficient has
been multiplied; and

a high frequency signal generating step arranged to
generate said high freguency signal using said high
frequency sub-band power and said low freguency sub-band

signal.



