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SPEECH ENCODI NG PROGRAM Techni cal Field [0001] The present invention
relates to a speech decoder, a speech encoder, a speech decodi ng nethod, a
speech encodi ng net hod, a 10speech decodi ng program and a speech encodi ng
program Background Art [0002] Speech and audi o codi ng technol ogi es
that conpress the anount of data in a signhal to one-several tenths by
renoving informati on which 15 is not necessarily perceived by a human

accoring Lo (he audiLory psychol pgieCRIBTRERI {1 cantly Tmortent
Ciamle, ! ugoptsbaRgicenie 200 coding {eenl aues | IPECE Aec
Experts 20G ®BECHIYBCODER, SPEECH ENCODER, SPEECH DECODING
METHOD, SPEECH ENCODING METHOD, SPEECH DECODING
5 PROGRAM, AND SPEECH ENCODING PROGRAM
Technical Field
[0001]

The present invention relates to a speech decoder, a speech

encoder, a speech decoding method, a speech encoding method, a
10 speech decoding program, and a speech encoding program.

Background Art

[0002]

Speech and audio coding technologies that compress the amount

of data in a signal to one-several tenths by removing information which
15 is not necessarily perceived by a human according to the auditory

psychology is a significantly important technology in connection with

transmission and accumulation of signals. An example of widely used

perceptual audio coding techniques is MPEG4 AAC (Advanced Audio

Coding) standardized by ISO/IEC MPEG (Moving Picture Experts
20 Group).

[0003]

Further, as a method for improving the performance of speech
coding and obtaining high speech quality at a low bit rate, a bandwidth
extension technology that generates high frequency band components of

25 a speech using low frequency band components there of has been

widely used recently. A typical example of the bandwidth extension



Further, as a nethod for inproving the performance of speech coding and
obt ai ni ng hi gh speech quality at a low bit rate, a bandw dth extension
technol ogy that generates high frequency band conponents of 25a speech
usi ng | ow frequency band conponents there of has been w dely used recently.
A typical exanple of the bandw dth extension technology is the SBR
(Spectral Band Replication) technol ogy used in MPEG4A AAC. The SBR

t echnol ogy generates high frequency band conponents by perform ng, on a
signal transfornmed into the frequency domain by QW (Quadrature Mrror
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speech 10 encodi ng net usi ng"such a“bandw dt h extension techndl ogy can
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anount of supplenmentary information , and it is thus effective to achieve
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technology in the frequency domain such as SBR, since the frequency

envel ope is 4b¢ngafter adinsthéhs hagh fedqueney fhanidepempenrgite s syl adjusting
frequency donmi n, when an aiudi o signal with_ |arge variations of tine

envel ope, sudhe aspectiabegnyelepgnand tonalisppphgthsodrblieated esasfficiattssound, is
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small amount of supplementary information , and it is thus effective to
achieve lower bit rate of speech coding,.
[0004]
15 In the bandwidth extension technology in the frequency domain
such as SBR, since the frequency envelope is adjusted to the spectral
coefficients expressed in the frequency domain, when an audio signal
with large variations of time envelope, such as a speech signal, a
clapping sound or a castanet sound, is encoded, there is a case where
20 reverberant noise called pre-echo or post-echo may be perceived in a
decoded signal. This problem is caused by the fact that the time
envelope of high frequency band components is deformed in the process
of adjustment and, in many cases, becomes flatter in shape than before
the adjustment. The time envelope of high frequency band components

25 that has become flat as a result of the adjustment does not coincide with

the time envelope of high frequency band components in the original



signal before encoding and causes pre-echoes or post-echoes. [0005]

As a solution to this problem the follow ng nethod is known (see Patent
Literature 1). Specifically, the nethod acquires the electric 5 power of

| ow frequency band conponents for each time slot of a frequency donain
signal, extracts tine envelope information fromthe acquired power, and
superi nposes the extracted tine envel ope information onto high frequency
band conponents that are adjusted using supplenmentary information and then
processed to adjust the 10 frequency envelope. This nethod is referred

her of naf ter 93 belortliai afd EBuRRYREQBR0dEl 0 gRIAREs. | 15 L her eby

possible to adfust the tine ope 0O ecoded signal to have a |l ess
di storted shgpgospd obtain a reproduced signal with |ess pre-echo and
post-echo. Citation List 15Patent Literature [0006] PTL 1. W)/ 2010/114123
Summary of |nventi ¢ Technicmkto Rhisbpebl] GROTdllowing hiethde it ikilewanvel ope

def ormati on net hod di scl osed in the above-described Patent Literature 1,
after a decodeet Piatpmd|Literanive ai)nSgevificalyc tret Aietisodatgquiresmter elgoricy band
conponents which are obtained on the basis of an inputted, nmultiplexed bit
streand a si greaver of Jdovhdrevengynband i conaperanie dof reacht imedstwdetl ai gnal .
o T ency  domAin Signal, extracts e cnvelops Thiofmation fom the & o
acquired power, and superimposes the extracted time envelope
information onto high frequency band components that are adjusted
using supplementary information and then processed to adjust the
10 frequency envelope. This method is referred hereinafter to as "a method
of time envelope deformation”. It is thereby possible to adjust the time
envelope of a decoded signal to have a less distorted shape and obtain a
reproduced signal with less pre-echo and post-echo.
Citation List
15 Patent Literature
[0006]
PTL 1: WO/2010/114123
Summary of Invention
Technical Problem
20 [0007]
In the time envelope deformation method disclosed in the
above-described Patent Literature 1, after a decoded signal is obtained
which contains only low frequency band components which are
obtained on the basis of an inputted, multiplexed bit stream, a signal in

25 the QMF domain is obtained from the decoded signal. Further, time

envelope information is acquired from the signal in the QMF domain,



and the tine envelope information is adjusted using paraneters. Thereafter,
using the adjusted tinme envel ope information, a tinme envel ope defornmation
process is performed on the signal in the QW domai n obtai ned from high
frequency band conponents of 5[0008] However, in the above-described
ti me envel ope deformation nethod, because the tinme envel ope defornation
process is perfornmed using single tinme envel ope information which is a
function of time obtained fromthe signal in the QW domain obtained from
the low 10 frequency band conponents, when the tine envel ope of the | ow

frequency band jc t h e envel f [ ncy band
conponent s a%gldng[{g)g[g? ? i %ﬁlﬂgP {5/ @gér)ﬂrng?%@gdlg ?‘Fﬁ?lls%dditups ﬁ%u%r%%l%gég?ust t he
wavef or m of i ) r I a€ post #igehoes in
the decoded oract e, AL TBE - adis@d AR by PoPehTORRR £0801™"**° The

present i nverhivelbpeadefoematiohdsotessviseperddrnidd oabiheesiphablire e qgMPpr ovi des a
speech decoder, a speech encoder, a speech decodi ng nethod, a speech

encodi ng net kimhaia chypeieed foben ddgin freguencabandoompoapeiaf. encodi ng program
in which by adjusting the time 20 envel ope of a decoded signal to have a

| ess dfstortd808%kpe, a reproduced signal is obtained whose pre-echoes and
post - echoes are sufficiently reduced. Solution to Problem[Q010]. 25To sol ve
the above probl em Hovriesdtt the @hoyerigsenbeshe tHapanvelapa Hefqraddion on is a
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using single time envelope information which is a function of time
obtained from the signal in the QMF domain obtained from the low

10 frequency band components, when the time envelope of the low
frequency band components and the time envelope of the high
frequency band components are not sufficiently correlated, it is difficult
to adjust the waveform of the time envelope. As a result, pre-echoes and
post-echoes in the decoded signal tend to be not sufficiently reduced .

15 [0009]

The present invention has been made in view of the above
problem and provides a speech decoder, a speech encoder, a speech
decoding method, a speech encoding method, a speech decoding
program, and a speech encoding program in which by adjusting the time

20 envelope of a decoded signal to have a less distorted shape, a
reproduced signal is obtained whose pre-echoes and post-echoes are
sufficiently reduced.

Solution to Problem
[0010]
25 To solve the above problem, a decoder according to one aspect

of the invention is a speech decoder that decodes a coded sequence of



denul ti pl exi ng nmeans for denultiplexing the coded sequence into a | ow
frequency band coded sequence and a high frequency band coded sequence, | ow
frequency band decodi ng neans for decoding the low 5 frequency band coded
sequence demul ti pl exed by the denultipl exing neans and obtaining a | ow
frequency band signal, and frequency transformation neans for transform ng
the | ow frequency band signal, which is obtained by the | ow frequency band
decodi ng neans, into a frequency domain. The speech decoder conprises high
frequency 10 band coded sequence anal ysis neans for analyzing the high

[reduency bang, cedesiagausRen ISl pl exRe, ipetlle demidd pLsbRgedreans and

acquiring suppl enent ar ormation for requency band geherati on and
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means for decodi ng and dequanti zing the suppl enent'ary i nformation for

hi gh frequendyequndygbmed aidded segudnice andrea eviykl frpguéntyorbanti esdatqui red
by the high frequency band coded sequence anal ysis neans. The speech
decoder conprsegaends, dow fiequency Haadddepoaingtreansnf@ndedaadingeherlati ng,

usi ng the supplenentary information for hi ?h frequency band generation
decoded 20 ugeque@cyobmw seded sequerssodemyltiplexed dyathd damudhplesing, hi gh
frequency band conpo engs_i,n t he fregruency domai n of the 1apeech signal from
the | ow frequBfE BAAdOSIAIREE A Wt Biearengntandn signabqggBfciredBerRtdh by t he
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coded 5 sequence decodi hg and déquanti zati on méans and the plurality of

| ow fr equencybandnebdddneeieviet aleesultipiixedelly hive tdeendltpleing weney aand time
envel ope cal cul ati on neans. The speech decoder conprises tinme envel ope

adj ust ment nemqsiring adjupplémentansi gothatidn mfoenhidhopfrequendyr eblaral t he
time envel ope cal cul ation neans, a tine envel ope of the 10 high frequency
band conponergesetfiner aardl tignet henvielepe f ndgueattgnband gededatseqoemesans, and
i nverse frequency. transformation neans for adding the high frequency band
conponent s adjessdg ayd deguantizgation, meape farpacediagtancededuaniiging ghg ow
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components. e envelope information acquired by the high frequency band coded
sequence analysis means. The speech decoder comprises high
frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded
20 by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means. The speech
decoder further comprises first to Nth (N is an integer equal to or larger

25 than two ) low frequency band time envelope calculation means for

analyzing the low frequency band signal transformed into the frequency



[ 0011] A decoder according to another aspect of the invention is a
speech decoder that decodes a coded sequence of an encodi ng speech signal.
The speech decoder conprises demrultiplexing means for 20 demultiplexing

t he coded sequence into a | ow frequency band coded sequence and a high
frequency band coded sequence, |ow frequency band decodi ng neans for
decodi ng the | ow frequency band coded sequence, which is denultiplexed by
t he denul ti pl exi ng neans, and obtaining a | ow frequency band signal,
frequency transformati on means 25for transformng the | ow frequency band

signal, whi C?&?‘Eﬁiﬁghﬁi {B%?S%&PIFQ lt%si‘%@%ﬁﬁ%?é%’ﬁgdaﬂﬁc%ﬂlﬂﬂn , into a
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information, and 5 tine envelope information. The speech decoder further

conpri ses codaddseqsiagcthaennei enyetopt defprantionatcquirakans thercaledodi ng and
dequanti zing the supplenmentary information for high frequency band

gener abi on, tsheuénceqdernsling and| dgspiantizatiommieans amd thehplurality efivewope

i nformation acquired by the high frequency hand coded sequence 10 anal ysis
means, hi gh flrestieaay ybasshdme savelopen aeaairedr oy thenemadiagyenesibagd: he
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signal, which transforned into the Trequency domain by the”frequency

transfor mat i @eneRAVS, ndétths, 2hdagaversé NBedudiRye MaakRRAMtA ndeapkUf@d ity of
| ow frequency bands, and tinme envel ope cal culation neans for calculating a

hi gh frequenaddigndhei highefiregueney bmidngohiporentse aeljvsteddsy ithé ofingt i on
acquired by the coded sequence decodi ng and dequantization neans and the
plurality of envelopesyliestoyendanchnsians theieofrequencyubanstisignat decdded
frequency band 25ti ne envel ope_cal cul atjon neans. The speech decqder further
conpri ses fr &yublicyownizensprcys baad pdraoding, meanss abd aiipeitingpastimg
15 domain signal containing entire frequency band components.
[001]]
A decoder according to another aspect of the invention is a
speech decoder that decodes a coded sequence of an encoding speech
signal. The speech decoder comprises demultiplexing means for
20 demultiplexing the coded sequence into a low frequency band coded
sequence and a high frequency band coded sequence, low frequency
band decoding means for decoding the low frequency band coded
sequence, which is demultiplexed by the demultiplexing means, and
obtaining a low frequency band signal, frequency transformation means

25 for transforming the low frequency band signal, which is obtained by

the low frequency band decoding means, into a frequency domain, and



t he frequency envel ope information, which is acquired by the coded sequence
decodi ng and dequanti zati on neans, onto the high frequency band tine

envel ope and acquiring a tinme-frequency envel ope, tine-frequency envel ope
adj ust mrent nmeans for adjusting, using the time 5 envelope acquired by the
time envel ope cal cul ation neans and the tinme-frequency envel ope acquired by
the frequency envel ope superposition neans, a tinme envel ope and a frequency
envel ope of the high frequency band conponents generated by the high
frequency band generation neans, and inverse frequency transformati on nmeans
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demul ti pl execoglgdt seguaneqdecpdiag anf fsanantiadionbmerns Agr deredingranfliency

P 0 WEHERRE i B 9 BUoRG okh  at Fe
uency ; ’ ; . y
decou 10 Tkl T GRS AV R, BT B
seduence demybialRred Mnuide BSTH LEXH0%. IR DaRAd 8RR e figyGod>d

suppl ementary 1 nfornati uenc generation, Trequency

envel ppe i nf I: dntd i idgcoder
thrt hg(? conp?‘{ S sélég(ﬁ}(ljeea?@’ gigs}{ergrgg%lgé}gggg i egéiﬁginggggggg ?l; gte ﬁ%ﬁr%tlgghns for
decodi ng and \fegpiatid ZkmgplehRnsatpp! ipfEmhaion | féor Aighi Ofte§@ndyY Jbarid equency
band generation, the fredquency envel ope information, and the’tinme envel ope
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means, hi gh frequency band generation neans for generating, 10 using the
suppl enment ar ymeardsy high frequéncy hangd compounentsyin the firegereeatiomainief tiiked by t he
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envel opes, which are acquired by the | ow fifequency band tine envel ope

cal cupati on neaniring higns peeelvpgecider pluthlitie of dowpfiegaendy dandgcanenvel ope

time envelope calculation means for calculating a high frequency band
time envelope, using the time envelope information acquired by the
coded sequence decoding and dequantization means and the plurality of
low frequency band time envelopes acquired by the low frequency band
25 time envelope calculation means. The speech decoder further

comprises frequency envelope superposition means for superimposing



25cal cul ati on nmeans for cal culating a frequency envel ope using the
frequency envel ope information acquired by the coded sequence decodi ng and
dequanti zati on nmeans, time-frequency envel ope adjustnent neans for

adj usting, using the tine envel ope acquired by the time envel ope

cal cul ati on neans and the frequency envel ope acquired by the frequency
envel ope cal cul ation neans, a tine envelope and a 5 frequency envel ope of
t he hi gh frequency band conponents generated by the high frequency band
generation nmeans, and inverse frequency transformation nmeans for adding the

Jener : equenc ; S T
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decodi ng net hod of decodi ng a coded sequence of an encoded 15 speech
signal . The tishdrdictquenyy bﬁetSloFe ddjastment exeang fott &fjusties, usingethebtime
derul ti pl exi ng nmeans, of denultiplexing the coded sequence Iinto a | ow
frequency bamdvelbgpedaspireehdy &l thndi gytvel opey walmyatiom dneangednd ellpgence, a
| ow frequency, decodi ng step, perfornmed by | ow frequency band decodi ng
means, of ded$aR-AEURBCY oWNVEEEr c8CBHESH bdd thsdedrequgu®nc envelapet i pl exed
by the denul means and. obta

i pl i i | f d si |,
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band coded sgayenge . analysi gt er?c?r%ﬁ%ﬁ%ﬁaﬁ&aﬁkﬁ?ﬂaﬁﬁﬂuﬁﬁ‘é sPafd coded

[
sequence analysis neans, of analyzing requency band coded

sequepge demyyyi ﬂf&qﬁgﬁyfrf%c@%n%?rﬂﬂnhi éﬂrﬁgbﬂ&tg,:\ﬁgﬁch%‘é 4tbd 1HyGthe

suppl enentary H%Ig_ormatl on gh frequency generation and tinme
envel ope i nf gimi@ifegendyentélope bdjushBencaRBS, @Y the tORRieqrRMesBaRddecodi ng

and dequanti zati on step,
signal, which is decoded by the low frequency band decoding means,
and outputting a time domain signal containing entire frequency band
components.
15 [0012]

A decoder according to yet another aspect of the invention is a
speech decoder that decodes a coded sequence of an encoding speech
signal. The speech decoder comprises demultiplexing means for
demultiplexing the coded sequence into a low frequency band coded

20 sequence and a high frequency band coded sequence, low frequency
band decoding means for decoding the low frequency band coded
sequence demultiplexed by the demultiplexing means and obtaining a
low frequency band signal, frequency transformation means for
transforming the low frequency band signal, which is obtained by the

25 low frequency band decoding means, into a frequency domain, and high

frequency band coded sequence analysis means for analyzing the high



5 perfornmed by coded sequence decodi ng and dequantizati on neans, of
decodi ng and dequanti zi ng the supplenentary information for high frequency
band generation and the time envel ope information acquired by the high
frequency band coded sequence anal ysis neans, a high frequency band
generation step, perforned by high frequency band 10 generation nmeans, of
generating, using the supplenentary information for high frequency band
generation decoded by the coded sequence decodi ng and dequanti zati on neans,
hi gh frequency band components in the frequency domain of the speech signal
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plurality of |ow frequency bands, a tine envel ope cal cul ati on step,
perforfred by sequenemvdeéwphing abod| alequantizadios) wkacsl forl addceding hanyh
frequency band tine envel ope using the_ tine envel ope information, which is
acqui red by tdesuaptiemgs tpu supplemensayninfarmatien fanthight frequersyebard and t he

plurality of |ow frequency band tine envel opes, which_are acquired by the
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are adj ust ed dunetdteor HeEo gRecaddisdqiAte HE@cstﬁn%%d ddimahfivatisequency
band signal, Which is decoded by the | ow frequency band decodi ng neans, and
out putting a rheangyhiglo fimquestybahd confppinentsgntthe fexfueney doatiiendyhdand
conponents. [0014] A decodi ng nmethod according to another aspect of
t he i nvent i orspescla siged dhordebodowyimgtiénay bindieigndl tensforoteldinée geence of
an encoded speech signal. The nethod conprises a denultiplexing step, 15
perforned by faeqrancyplempingbrehadre@iengs iansipimaationy mesasc daddosttfuence

into | ow frequency band coded sequence and a _hi gh_frequency band coded
sequeiée, a 1(BW1s ARJDESEY cdbrbn ﬁg?%rg@b,th%rww)ﬂew Bpanene ﬁé@tﬁ@@a@ band

domil 11 71 ex oS IECTRHLER SRERTSy 228 s R SEEUFATH S &l r equency
band o1 9na! . RulERMERo RTELALEL R0Rh R, RCHLAITRY BOJSSRATIFY i o
oot 1o, B ARG RIS ot P oL BORETS)
hi gh bands, and time envelope calculation means for calculating a high
20 frequency band time envelope using the time envelope information,
which is acquired by the coded sequence decoding and dequantization
means, and the plurality of low frequency band time envelopes, which
are acquired by the low frequency band time envelope calculation
means. The speech decoder further comprises frequency envelope
25 calculation means for calculating a frequency envelope using the

frequency envelope information acquired by the coded sequence



25f requency band coded sequence anal ysis neans, of analyzing the high
frequency band coded sequence denultiplexed by the denultiplexing neans
and acquiring supplenmentary information for high frequency band generati on,
frequency envel ope information, and tine envel ope information. The net hod
further conprises coded sequence decodi ng and dequanti zation step,
perfornmed by coded sequence decoding and 5 dequantization neans, of
decodi ng and dequanti zi ng the supplenentary information for high frequency
band generation, the frequency envel ope information, and the tinme envel ope
i nformation i:r ed th ' ague an 0 e lysis
nmeans, a higﬁﬁgggégeng§dba§%ﬂg%ﬁgég ﬁoﬁggﬁgﬁ, g%ﬁ%%?ﬁ%%ﬁgy %ﬁgﬁﬁggequency
band generati ty i t

o or mat fon Fa e T e PRl L e
sequence dec@ihé @ndelbpd el hiidRtredhs@ad she Meghehé e @esiypebarmigdmonent s
in the frequency domain of the speech signal fromthe | ow frequency band
si gnal transhyr thedfreqiendyhentelege evatyuldtioni medms, tahéinie equelopy arld a
transformati on neans. The nmethod further conprises first to Nth (Nis an

i nt ege¥ equalfraquency leavglopet ¢lfathet high froquénoygbamt gonpenentsngeramateldope

cal cul ation step, perfornmed by first to Nth |ow frequency band tine

envel ope cal & &ﬁ Blghnﬁﬁﬁg?n@f band| gererafiam ;gags ARednERsy Beaurnsygnal

transforned into.the frequency donmin R, Lhﬁ fre uenﬁy 20 transformati on
means and acdtRSfargati AYeIQfpadding,t é*ﬁg rf’éffq‘-‘gil%f N FIPRRINSY bands,
a tine envel ope cal culation,step,.-perforned by time enve]l ope cal cul ati on
oane: of  onvanefde aalier il nst R RE Kyt O, RESHRES: fiRafte |
envel ope i nf i on i j i -:0d uencs. d di ng and
dequanfizati%%gﬁgghg?Nangapﬁgaﬁ p%grg agyggﬁﬁ%agf§%5%§§c§9bgﬁﬁ%ﬁﬁne )

envel gpes, 1 j ; I f - | ope
2% “ﬁfeﬁggf}ég b%ﬁﬂ%ﬂéc%‘én‘i@’ nﬁé!ﬁlls, aMd dlﬁ@!rx'lﬁlglgya ReRd donEnSiy¥salop

cal cul ation frequency ~ envel ope sup ition step, perforned by

frequency enveheigingUheentitd freqiciBaband @(im?Uﬁ@ﬁtis.WPOSi ng the frequency
envel ope information, which is acquired by the coded sequence decodi ng and

dequanti zati ¢a0M3jans, onto the high frequency band tinme envel ope and 5
acquiring a tinme-frequency envel ope, a tine-frequency envel ope adjustnent
step, performed byAtdepedingmethed aecnrdingto e asnack ot thetmentioh iadj ust i ng,
using the tinme envel ope acquired bé@}he ti me envel ope cal cul ati on nmeans and

the tinme-fre§Resrdydesnding gacthodurlr derasing recadedRrsiisnce o eiopreoded
b1 G 1T oquencyeBincgaHipondHiEs TEHBEa BBSShe i GRTHILEENEy Sahd
oeneralen eahe AR 10, AMSIREGEEREH DERABLIRLLR Ry R L o0
ﬁggﬁgf‘egﬁ,é’ t‘é’ghﬁ‘r‘%v\c/%r t3dlaUTs %Y ARYUEREy thdIRT (oY SOy eRiaY ChRPCa AfighSt MeNt
frequency band coded sequence, a low frequency decoding step,
performed by low frequency band decoding means, of decoding the low
20 frequency band coded sequence demultiplexed by the demultiplexing
means and obtaining a low frequency band signal, a frequency
transformation step, performed by frequency transformation meaﬁs, of
transforming the low frequency band signal, which is obtained by the
low frequency band decoding means, into a frequency domain, a high
25 frequency band coded sequence analysis step, performed by high

frequency band coded sequence analysis means, of analyzing the high

10



15 frequency band signal, which is decoded by the | ow frequency band
decodi ng neans, and outputting a tine donmain signal containing the entire
frequency band conponents. [0015] A decodi ng nethod according to yet

anot her aspect of the 20 invention is a speech decoding nethod of decoding
a coded sequence of an encoded speech signal. The nethod conprises a -
denul ti pl exi ng step, perfornmed by denul tipl exing neans, of demulti pl exing

t he coded sequence into a | ow frequency band coded sequence and a high
frequency band coded sequence, a | ow frequency band decodi ng step,

25per f or med r odi ; | ow
frequency pa%eil%\gfgg g%gﬁgg@ég%%pﬁé@y@$§%eB?’{jggrfcﬁlatg ﬂ%{hg?%%glé nmeans
and obt ai ni “Qnéaﬂso‘ﬂhﬁrzﬁﬁt&%ﬁ Qg@gleﬁha&a iRforiREiANES R HegieRdy On st ep,
performed by frequency transfor ion nmedns, of transformng the ["ow

frequency barghndi geatratichi aidi SnebleaveRpebinfohation f rEwuetgy faahedr decodi ng
means, into a frequency domain, a high 5 frequency band coded sequence

anal ysi s st emonmeridesr reedcdedhi sfyuenee udacydihgndindodizdjuantjzstinae step) ysi s
means, of analyzing the high frequency band coded sequence denul tipl exed by
the debul ti plmforgladehﬁsccnig@d seoehee Wgceding amd dequyntizationnmeans, 6Dr hi gh
frequency band geperation, frequency envel ope information, and tine

envel ope” 10 despgmentangn dequantiang oder SHPPlEmeaéRyr infesmatienatdr Sigluence
decodi ng and oded .sequence dec

g, 1 e ence
Cocoant D ey S Soaitn BThaulna avelars nhaTatlm srantatty 0
i nf ti f hi gh f ti the, fr |
ot on. 6 ah% ek FENEREY, BARS ERAT SduBfloe AlB S MG LI PS5

f n i _

Lomaratty PaliediRAEY, BaMW TREAM Yheed PERAICE HY Ml MHUEACY BARE
gener g1 N, Ushiyidie i) BTEhEREN LR HORSIEEnl THRUBAR Dand

generati on decoded by the coded sequence decodi and deQuanti zati on neans,

hi gh frequencirlidpd fequaitsnband rpdneaticid decodednsy tiowaidsd tequbhcs peech
signal fromthe | ow frequency band signal transfornmed into the frequency

domai n by t haldeodingenny deqansfizaticat nweansphigh fredhencyeband dowipdrentsonpri ses
a first to Nth (Nis an integer equal to or larger than two ) |ow frequency
band time envaltbpefrequangyadomairs péphe speéalr s@agfrdm the rlew freqiemcy ow
frequency 25hand tine envel ope cal cul ati on neans, of analyzing the | ow
frequency barking giganl,t Whirdy & traasiosmsd; Heof theglieaesncyo famaimybyt Hee

fr equgyey frequency transformation means. The method further comprises a first
to Nth (N is an integer equal to or larger than two ) low frequency band
time envelope calculation step, performed by first to Nth low frequency
band time envelope calculation means, of analyzing the low frequency
band signal, which is transformed into the frequency domain by the
20 frequency transformation means, and acquiring time envelopes for a
plurality of low frequency bands, a time envelope calculation step,
performed by time envelope calculation means, of calculating a high
frequency band time envelope using the time envelope information,
which is acquired by the coded sequence decoding and dequantization

25 means, and the plurality of low frequency band time envelopes, which

are acquired by the low frequency band time envelope calculation

11



transformati on neans and acquiring tinme envelopes for a plurality of |ow
frequency bands , a tinme envel ope cal cul ation step, performed by tine

envel ope cal cul ati on neans, of cal culating a high frequency band tine

envel ope using the time envel ope information, which is acquired 5 by the
coded sequence decodi ng and dequantization neans, and the plurality of | ow
frequency band tine envel opes, which are acquired by the |ow frequency band
ti me envel ope cal cul ati on neans, a frequency envel ope cal cul ati on step,
performed by frequency envel ope cal cul ati on nmeans, of calculating a

frequency enyeLaRe uhd WETERIUANRIMAL SOYCLORE IORIRhoNARAYT red by

t he coded sequenct decodi ng an Irzat’l a reguency

envel ope adj unbeRpe AURBImMERY TREARI &Y aljulink! UGN e CHRE ARiGeRFeust ment

means, of adjusti ng the tine envel ope acqul by the ti envel ope

cal cul ati on fﬁeq{iﬁre@@?_théeinﬁé eAvEiRpY calvuddtinemranslid Behelshvidiepd sedieency
envel ope 15 calculation neans, a tine envel ope and a frequency envel ope of

t he high fredigndieqoancy baneoapomegsngearadiy thechighdifeduengyebanyd band
generation nmeans” and an inverse frequency transformati on step, perforned
by invlerse fgegemtion tmearst oandit aoninmeases , frofuendyi rrpnshernimtign fsteguency
band conponents, which are adjusted by the 20 tine-frequency envel ope
adj ust ment nm@gAEIMeddby Havesw freqernsciransdagmatign aneanshi ¢haddingetsded by

the | ow frequency,. band decoding neans, and .outputting a, time dopain signal
cont ai ni ng tm"égqénﬂr?qléer\%’eg’ﬁﬁﬂc @Hﬂaegénﬁ‘gH&Ht e F‘éﬂ%@‘?d 25 the cdmieng
program accordi ng to gne aspect of t invention is speech, decodi ng

D oor am hat <t ppeediTahih Etmteabd Tor T Tl Pl EEnt GhER "The
program caus &raplg} . n -

derul ti pl exi E%d?%(g co eg{eslté)%g}r%@%illﬁ?gg@d ﬁgévwlb%%%#éyg%gﬁgﬂ@%g% asequence
and ajfi gh f KBALIERMAIR &1 af 0684 ; irel UsheV Oﬁﬁﬁ%’n odi ng nmeans
for decodi ng ?ﬂg Iow1 5 raequené@ﬁ%gﬁﬂeg%rgeig%%%n%gnce(adce tip ée:xed by the
demul ti pl exi fgongans and obtaining a | ow frequency band signal, frequency
transformati on neans for transformng the | ow frequency band signal, which
i s obtained by theAl dseddieguesthyd haostditge twlangtheeassect ioftthe inYentipnency
domai n, and high friggency band coded sequence analysis 10 neans for

anal yzi ng t hés I ghe¢ate glecodingb amathed defd deeediogce | s¢quencedobyant he

denul ti pl exi ng nmeans and acquiring coded_ suppl enentary information for high

frequency bafaceeskprpeschnsignal. ¢ i hie arebed semnsises mederonltiptering: Bep.am

furth causes the conputer ta function as coded s ence decodi and
dequaﬁ{i zati &% @ ggr degyilfip & gMaRLE:de ﬂﬂ lﬁlﬂe%%%p(ﬂ:l ntary

nror o gkl o IR SRR I R e TR e <
Uk Mt e S b R S
performed by low frequency band decoding means, of decoding the low
frequency band coded sequence demultiplexed by the demultiplexing
20 means and obtaining a low frequency band signal, a frequency
transformation step, performed by frequency transformation means, of
transforming the low frequency band signal, which is obtained by the
low frequency band decoding means, into a frequency domain, a high
frequency band coded sequence analysis step, performed by high

25 frequency band coded sequence analysis means, of analyzing the high

frequency band coded sequence demultiplexed by the demultiplexing

12



20 by the coded sequence decodi ng and dequanti zati on neans, high frequency
band conponents in the frequency domain of the speech signal fromthe | ow
frequency band signal transforned into the frequency domain by the
frequency transformation nmeans, first to Nth (Nis an integer equal to or

| arger than two or nore) |ow frequency band 25ti me envel ope cal cul ation
nmeans for analyzing the | ow frequency band signal transfornmed into the
frequency donmain by the frequency transfornmation neans and acquiring a
plurality of |ow frequency band tinme envel opes, tinme envel ope cal cul ation

cnvel ope. i i S0 BRE Gallel < SEBHERR] ok MR LR B AeBeA G ng ana

dequant | 2at | ingSelRAROANLIEd) WEOLIdRL BifohAMiC CONERRHe NARAIIT®

envel opes, whic re acquired by -t he 'ow frequency 'band me env

cal cul ati on nRffHationT® FY AlARGd FOitHS é@ﬂbri@@@ﬂédé@ée@iﬁn‘éétdéégdidgsi ng the
time envel ope acquired by the tine envel ope cal cul ati on neans, a tine

envel ope of tahd Hé@larftizatioasyp,bpadornsd Bieobdedsaguaiceddbsodihg didh 10

frequency band generation neans, and inverse frequency transformati on nmeans
for addli ng t kleqnagtzdtieymeany, dbdetoding and desuantiziog the supplenstredryby t he
time envel ope adjustnent nmeans, and the |ow frequency band signal, which is
decoded by t Hefdrowtioncpudngly fisqueneie baad ggnenatios, thenltequansytanvielore ti ne
domai n signal, contajning the entire 15frequency, band conponents, B [[0017]

A decodi ng prlﬁé}fmﬁt@@ecﬁndi H§ ticapBYHEPe d8pueratym ﬁﬁ%ulffr%é’b{t thenhigh a speech

The.pr ogr am CHAEECH REGRRIEE U0 RIRSEHCHE: dNPCE R GII Heane Tor
and a high (AauEniey” SER. PERHERCE ShO bRE o eRlohey BATE BRI BEE s ng moans
domul 10 ol ext 1 Sns R, TR e ey B o LRSI ency
transformat i gangeaRpetAlorn ' &EVIREMHY thBe coaud f segiuanrey deepding' Hirl - Whi ch
is obtained by the | ow frequency band decodi ng
dequantization means, high frequency band components in the
frequency domain of the speech signal from the low frequency band
signal transformed into the frequency domain by the frequency
15 transformation means. The method further comprises first to Nth (N is
an integer equal to or larger than two) low frequency band time
envelope calculation step, performed by first to Nth low frequency band
time envelope calculation means, of analyzing the low frequency band
signal transformed into the frequency domain by the frequency
20 transformation means and acquiring time envelopes for a plurality of
low frequency bands, a time envelope calculation step, performed by
time envelope calculation means, of calculating a high frequency band
time envelope using the time envelope information, which is acquired
by the coded sequence decoding and dequantization means, and the
25 plurality of low frequency band time envelopes, which are acquired by

the low frequency band time envelope calculation means, a frequency
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means, into a frequency domain, high frequency band coded sequence anal ysis
nmeans for analyzing the high frequency band coded sequence demnul ti pl exed by
t he denul ti pl exi ng neans and acquiring coded suppl enmentary information for
hi gh frequency band generation, 5 frequency envel ope information, and tine
envel ope information. The program further causes the conmputer to function
as coded sequence decodi ng and dequanti zati on nmeans for decodi ng and
dequanti zi ng the supplenentary information for high frequency band
generation, the frequency envel ope infornmation, and the tinme envel ope

i nf ion 10 ired by the high f band coded | ysi
moans.hi gh FPRERBRCy DS Re: STon RS or DY e ERUENRY. SURRPS he
| ementary_i i op. fLar high v b ' d by th
coted sequensEPEREIT, Bt obineradfERHeante HFORIPRLCRIERME "
components | qlafd?ﬁaftibﬁ‘ﬂt"lﬁr Ea'i‘éngf %?Qne@cwirélf bl "theS @aéd's%@aigg“aécJog@@ge | ow

frequency band signa Into"the freque mal n

frequency traRghantiaiti i niEaA8 Sontbi the thigle fgiehdl bananirh®eAgelopedisd to or

| arger than two ) |low frequency band tinme envelope cal cul ati on nmeans for
anal yzfng t hachoivirdg eguenw fieguenst goalelopgnsf otimedreqienclyhenfvelgpeency
domain by the frequency transformation 20 nmeans and acquiring tine

envel opes foradjugtinentilstey, perfoowedr byuenmeyfrbaquetxy, cnivelopenadjuspaent

cal cul ation nmeans for calculating a high frequency band tine_ envel ope using
the tinme envenesss., iaff adivatingn usitig: tthe dirae qenvedapdbyacghied e dhgetimsnce
decodi ng and dequanti zation neans, and the plurality of l?%v?y frequency band
time envel op&EVRIPEHCHSUBHAB PR 2BY thedimewIUehEk fay e RRsdaddUiedenvel ope

Che. T requendy ORVERURERSTTIYTARS SOPTmRt R eatn l ot oy <ipes g ™' "
d ' | ' t ' f band
e Mivel opa ShETGRGIYERARf it bith EE0ency Bhf S prithis EFARE ., "
el o _ et Sdent . .
e acqui rod b Tha B RAEY (AR Syrcffior Ricals 1RE dr TRene M TAaRS, cquency

envel ope, WhitgdhskSnaioH sesh, Dperfbendéd asuangarse Niel 0ftys YRRERIidiopn means,
a time envel ope and a frequency envel ope of the high frequency band
conponent s genearst ast bydinge the diighr frageawy tband gempoatnte) wisiahsareand

i nverse frequency transformation 10 neans for adding the high frequency
band conponeridgystedbyihatimedieqeeney byvalhpe adjusthertuenany, amavihe dpw

adj ust rent nmeans and the | ow frequency band signal, which is decoded by the
| ow f F@quencyTespisacyeangl pignabavwbichaifd decagdne by nihealow feeqysnay rbasidgnal
containing the entire frequency band conponents.. 15[ 0018 . . A decoding
pr ogr am acco r‘ﬁFﬂémtgoHSF@PSa ABE HAtPYdnER r’%\“et @f@“?ﬁ\/ é%ﬁ“@g ﬁlop?némgpg@c h

decodi ng pro%ﬁ? il_hat decgde& a_coded sequence of an encoded speech signal.
The program @ LregUENe) ARG COMPPARIS; on as demul ti pl exi ng neans for

derul ti pl exi r[gollgtg coded 20 sequence into a | ow frequency band coded
sequence and 'a high frequency band coded sequence, |ow frequency band

decodi ng nmeans forﬁgqﬁgghﬁ% trglllikghbg%&ro?&hll%n%{ %eg?gn%@?dasiﬁgp Cehe

demul ti pl exed by t mu Xi'ng means ~and aining a'l ow frequency
band gognal , ihv@ftisRYa spaehldectlingOmetRrRNSS d&odifi@adodedisBguénte doW

frequency
an encoded speech signal. The method comprises a demultiplexing
step, performed by demultiplexing means, of demultiplexing the coded
sequence into a low frequency band coded sequence and a high
frequency band coded sequence, a low frequency band decoding step,

25 performed by low frequency band decoding means, of decoding the low

frequency band coded sequence demultiplexed by the demultiplexing
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25band signal, which is obtained by the | ow frequency band decodi ng neans,
into a frequency donmain, and high frequency band coded sequence analysis
means for analyzing the high frequency band coded sequence denul ti pl exed by
t he denul ti pl exi ng neans and acquiring coded suppl enentary information for
hi gh frequency band generation, frequency envel ope information, and tine
envel ope information. The 5 program further causes the conputer to
functi on as coded sequence decodi ng and dequanti zati on nmeans for decodi ng
and dequanti zing the supplenentary information for high frequency band
generation, the frequency envel ope information, and the tinme envel ope

i nformation ageprnsr éadoybi®iging gh foveglreaugnaianepnsb dégnade quefieauental ysi s

means, 10 high frequency band generatiqn neans for _generating, usjing the
suppl enent ar yransfmatiaroftepe pe gmedﬂaqg@ﬂwn@éﬁ@n@@maémmea%o%d by the

e e SR

i i 33332% i %?@@%90%3%3%%%?8@%11'&2@%?%@ﬁpﬁ&?ﬁrﬁi&éﬁﬁ?@é@'%af%a N ; or
analy 2 ng. 1 hat TEERFY egalf CAREh Bafithce BRaBRIS sPAS Betfbihal B HRALS |

domai n by t herdqiRuenhdl R SSqTRNEERARARS tafhs 26Auhalme Rl High |ty of

| ow frequency band 1ine envel opes, 20 ti'ne envel ope calculation neans for

cal cul ating drdyjughcy riefide ooded 3vquérnoredenvttisipeedi bynthd Hemuitifleringe! ope
information, which 1s acquired by the coded sequence decodi ng and

dequanti zat i oneansaasd aqdirime pupplEméntanf informiatiequtarclyighafrdquenmey
envel opes, which are acquired by the | ow frequency band tinme envel ope
cal cul ati on rpaadsgeraragoenipqueecy ensplopeaindoimaiion andriyne omvelopsul ating a

acqui Tad by YRrEGR. Tequerad HUTa cnBnisodoao0t FORATSR dEaRnE
envel ope.acq A et izatoh e EnDeropaed At arded Sriveitie deidfnkdtd equency
envel ope. and dsaSanasltEmiep R TeGs BT -PRE ARt Pl e AP s Bt
Prequency ¢1 AnCFoRER, of B RERBR0 LaRR Bedrafin RN Bea Ry Bl
component s, hidhzaioh, HdUacenty chllobk TRIGHEAAN AYqARYEIPMeARigeot ment

means, and the | ow frequency band signal, which is decoded”by the |low 10
frequehicy bartbqiraedibagdraaied seandned hnall/bisnBeand, iakigHoffedwerilydsaid

containing the entire frequency band conponents.
generation step, performed by high frequency band generation means,
of generating, using the supplementary information for high frequency
band generation decoded by the coded sequence decoding and
dequantization means, high frequency band components in the
20 frequency domain of the speech signal from the low frequency band
signal transformed into the frequency domain by the frequency
transformation means.. The method further comprises a first to Nth (N
is an integer equal to or larger than two ) low frequency band time
envelope calculation step, performed by by first to Nth low frequency

25 band time envelope calculation means, of analyzing the low frequency

band signal transformed into the frequency domain by the frequency
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[ 0019] According to the decoder, the decoding nethod or the decoding
program descri bed above, the |ow frequency band signal is obtained 15 from
t he coded sequence by demul tipl exing and decodi ng, and the suppl enentary
information for high frequency band generation and the tinme envel ope
information are obtained fromthe coded sequence by demul tipl exi ng,
decodi ng and dequanti zati on. Then, the high frequency band conponents in
the frequency domain are generated fromthe low 20 frequency band signal
transforned into the frequency domain using the supplenmentary information
for high frequency band generation, and, after acquiring a plurality of |ow
frequency baiinsformagionemspes and aerlivingrigmehenvedopdsr éajuepdyrabdndisi gnal i n
t he frequency domain, the high frequency band tjne envel ope is cal cul ated
using the pl ie‘én irequesicy2bresly ;aéquéweém%calpwt@ﬁﬁmpe@rf@med Y time

component s | AMGANHEEd RO AReAisa0b AR LT BqUBhAibaAaY .
I : .th dj ust ed hi gh f b Iy dth

fqtpty ﬁgﬁan%%a%sio%ér@s%h@a tlﬂ%@%ﬁﬁlﬁ%[@?@%@%ﬁ”\?ﬁ@i %Eaecq&a%gin §Wts; gnal

[ utput . - i

envel o%es ar e%yhgﬁeez ngga]?gﬁﬂs %ﬁ'{ég%@ngh%{(?idﬁgﬁgﬁ@%ﬁtg%{e% hgﬁﬁigﬁ .

frequency ba ° i ; hi gh
ba:%lim%ﬁ %E"?Bévsfrc(i&‘a%lc}ﬂYa‘i‘chﬁmeO%n%éilé dd, WhiBR 48t ABGuiRéd

frequency corfponent s | djiusted wt accuracy by use of the

correl ation hk¢ \eRNfrédeeridynbarkhviehe paselope |l laten eneansbantleeerrgnent s and
the tinme envel ope of high frequency band conponents. 10 As a result, the

ti me envel openvelopeecaladatien skipg patformed djyufitquernay ¢rawedope talsalatiost or t ed
shape, and therefore_a reproduced signal can be obtained in which
pre-echoes amgegpwst obctidedating sufifequeney | gnveldpe edsing 0ED] frequaneypr ef er r ed
that the speech decoder further includes tinme 15 envel ope cal cul ation

contr ) meansnvslopsoriipanation asquitedshy dhe erded yequansal draogingfandne | ow

frequency band tinme envelopes in the first to Nth |ow frequency band tine
envgropeycal %ﬂ&%?%tﬁ’\é]aﬁ?g%%dl i fieg IF&‘tS!ﬁ%FM &?VS%OHe\r’]Védmsgﬁem gﬁﬁ%ncy Iband

Frequency badorbing o BT kG SRR A bl bHBR PERL RSB ad g e
means. 11 i o RRciy S ERdSge Aeglicelthl R, AR SRFIoDE SO e

onveroves, oL shel bl el Sjal ey ohand i gemep il aperceor

15 calculation means, a time envelope and a frequency envelope of the
high frequency band components generated by the high frequency band
generation means,, and an inverse frequency transformation step,
performed by inverse frequency transformation means, of adding the
high frequency band components, which are adjusted by the

20 time-frequency envelope adjustment means, and the low frequency band
signal, which is decoded by the low frequency band decoding means,
and outputting a time domain signal containing the entire frequency
band components.
[0016]

25 A decoding program according to one aspect of the invention is

a speech decoding program that decodes a coded sequence of an
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25r educi ng the anount of conputation. [0021] It is also preferred
that the speech decoder further includes tinme envel ope cal cul ation control
means for controlling at |east one of (i) calculation of the | ow frequency
band tine envelopes in the first to Nth |ow frequency band time envel ope
calculation nmeans and (ii) 5 calculation of the high frequency band tine
envel ope in the tine envel ope cal cul ati on neans using the tinme envel ope

i nformation acquired by the coded sequence decodi ng and dequanti zati on
means. Wth the tinme envel ope cal culation control nmeans, it is possible to

omi ¢ cal cul aldRAdel sheol Qhiral CTHERGYehAN dahidi®a SEKENABCE PndRiPHLatl on of

10 the high frequenc pe according to e tine envel ope

i nformation QRindlfi ﬁiﬁgmléetiﬁ o0 dieth A BAKRNEE the ERIRINEqLBHNE M8 4l logy anount
of conputation. [0022] Tt is also preferred that the high frequency band

coded sequendieqiencanbhydi codedaneqifiericehand ag chighefretjismeyebagdopeded

cal cul ation control information, and the speech decoder further includes

ti me envel opeseqatmed, oo drespency|bamdadscdding aneansofdr decadingethstlosne of (i)
cal culation of the low frequency band tinme envelopes in the first to Nth

| ow f r &quencyiregueacyi band soded Fequenesudamudiiplesed dyathe demulgplexingt i on of

the high 20 frequency band tinme envelope in the tinme envel gpe cal cul ation
means usi ng tTRE3RY n@%n@&%ﬁ’é‘gca?c Wt i TERAUeHRY r Handnfignals | HiSAHEREN red by

Lhe,hioh reguency band, soded Zequance, nal yolm, roans L0 LS rency banc
L el opgy g, 5ob6ul it AL 0 ARaBBnCt SAHRSRLoRARS S, AL B
from the codefefRMds "E6mal) SIRPNigE BeGUBHCY Band QY SquehfBRHhRdioN-

10 means for analyzing the high frequency band coded sequence
demultiplexed by the demultiplexing means and acquiring coded
supplementary information for high frequency band generation and time
envelope information. The program further causes the computer to
function as coded sequence decoding and dequantization means for

15 decoding and dequantizing the supplementary information for high
frequency band generation and the time envelope information acquired
by the high frequency band coded sequence analysis means, high
frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded

20 by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means, first to Nth
(N is an integer equal to or larger than two or more) low frequency band

25 time envelope calculation means for analyzing the low frequency band

signal transformed into the frequency domain by the frequency
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[ 0023] It is also preferred that the high frequency band coded
sequence anal ysis neans further acquires tine envel ope cal cul ati on control
5 information, and that the coded sequence decodi ng and dequanti zati on
means further includes tinme envel ope cal cul ation control nmeans which
further acquires second frequency envel ope informati on and determ nes,
based on the tinme envel ope cal culation control infornmation, whether to

adj ust the frequency envel ope of the high frequency band 10 conponents
based on the second frequency envel ope information and, when it is

determ ned t | e o 3 p t rm

cal cul ation g%a%gﬁdgﬁf%w ?%éﬁ%%@g %:gﬁg%?é %eﬁlgﬁ@g&o(é)tgisaﬁg? E%%llzaeﬁf: ??iatfn to Nth

| ow frequency;Rarfytiopes aine! QRRIGR eHbatatioh rﬁemf&r&laﬁhﬁﬂgaathfgﬁ of the
hi gh frequency band tinme envel ope by the time 15 envel ope cal culation

neans. | n thifeei@aey @@ tinie icfiveRpel bbiagt theotinie eavelopat irddrmbtidhe | ow
frequency band tine envel opes or cal cul ati on of the high frequency band

ti me envel opevlichas dicqgirtd Hyhthet codedeseqienpe deabdinigadnddeqoaitization
information obtained fromthe coded sequence, thereby reducing the anmount
of conput at i encarodrab iy plurality of low feguensyeband titha aavelppes, twhishf r equency
envel ope adj ust nent _neaps processes, with a specified function, the high

frequency baf€e ESSHHEENDY {ow Epauencysitgadl tigenenyelopengalchlationgh
f i .1t is al fe h .
L ovency banedBrdrab ey oA i Ao adhr estabe' BE hF

ified function, the .acqui Lurality of Low.fr band ti
onvel opes . eyspe AORREERY fhe M ehidlals CUAFRGRERynE tabect o
the '”Ve”t'o%n\félo%feséfetﬁﬁmigﬂt?%gﬁ% %f%{lﬁ% @@g&f‘&%ﬁ' file hibhe speech

encoder conpri sés‘frequéenc Ion rean r transtorm ng the

speecfyS sig 'f?éq#eﬁ&? bandl pRALRIN HEAR, AinddAVErse ﬁﬁgﬁeﬁgy fRASforhRition

down- sanpl i ng the speech™signal and acquiring a frequency band signal,

| ow frequencyn&aid feneddingg tm)&ﬁghf freqeaesdibagdt éemboierits e gugoaYafeand
signal acquired by the down-sanpling neans, first to Nth (Nis an integer

equal to or lagdjusted bhahe tinoe gnvelapé admsaneyt inaans, Hidt thedoenfreduaey
calculation neans for calculating a plurality of tine envel opes of |ow
frequency barbandosigoalenvbichf ist dec by theglav frequestcyr bardl idecodinge
frequency domain by the frequency transformtjon neans, . tinme envel ope

i nformati on dagans AN PURHAEES 8 tig cdamainngignakiGiaining ithe epfld opes of

the Loy T Ay 28 Band LORpehehts.
[0017]

A decoding program according to another aspect of the
invention is a speech decoding program that decodes a coded sequence
of an encoded speech signal. The program causes a computer to

20 function as demultiplexing means for demultiplexing the coded
sequence into a low frequency band coded sequence and a high
frequency band coded sequence, low frequency band decoding means
for decoding the low frequency band coded sequence demultiplexed by
the demultiplexing means and obtaining a low frequency band signal,

25 frequency transformation means for transforming the low frequency

band signal, which is obtained by the low frequency band decoding
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15 calculated by the first to Nth | ow frequency band ti ne envel ope

cal cul ation neans, tinme envel ope information necessary to acquire a tine
envel ope of high frequency band conponents of the speech signal transfornmed
by the frequency transformati on neans, and suppl enentary information

cal cul ation neans for analyzing the speech signal and 20 cal cul ating

suppl enentary information for high frequency band generation to be used for
generating high frequency band conponents fromthe | ow frequency band
signal. The speech encoder further conprises quantization and encodi ng

f ec! _ _ at g o
froquency nanlt9EydRParallenty Mok, BHOP RARRREY behll AR SBleA o
cal cul ation m%iél@l%édaefofridﬁ%l}ez‘?%%'tﬁ@%i'H‘ff&rgﬁ%&?rbaﬁéw&!l'eat uBlicd he tinme

envel ope informndtion cal cul ati dn ans, ctoded seduence construction means

for constructddiguidiphe:aid fhyeabencgnhitiplesiedmeansiensd ddquiibgecoded

suppl enentary information for high frequency band generation and the tine
envel ope i nf cupplémentgraninfoemiatiod eocotégh bfreghencuaband agenerabioand

encodi ng neans, and nultipl exi ng neans for generating a coded sequence

whi ch frul ti plisequenchecnvelope stfoemationaand tiooke énselgpenofrmaiicsh i Bhecquired
by the | ow frequency_band encodi ng neans, and the high frequency band coded
sequence, whilIRErandyEder sauses Me campitrictd Senfikncas c&lﬁ’élﬁalﬁﬁﬁﬂ-l@m%ans :
10[ 0026] met. hod accord ct of.the jnvention

is a speech ﬁggi%gﬁgltd%gﬁi%?zaé@bmws ;fggﬁlt@g? rﬁgi %ﬁgﬁ??"ﬂ%l%ﬁ]&%

t t t.ep.
g ¢ ansi ifﬁag | CHERSHEtary %ﬁf%%i%qﬁqﬁn%ﬁbﬁgﬁﬁ GRELERTRERY et ES ¢ equency
Gowns sl | noTT LTy, By SIbBE: P AR AR 180 CRye BB TREIaiin | ot
a | owfir equengnuiidldo e ikO HiHy fgécﬁlg\rllvcfedafn‘ar E@d%cpge%lfé‘ﬂcé rRARRIC YndARd

encodi ng nmeans, of ericoding th requency band signal "acquired by the
down- sanpl i nmignam,qutehé)stbm Nidheritios ARard fott @eaersingal usiagokhé ar ger
than two) | ow frequency band tinme envel ope cal cul ati on step, performed by
first to Nth suppldmenaenmyfobaatiohifor highvieqpencyaband géneratior alesoded
calculating a plurality of tinme envel opes of |ow frequency band conponents
of the speectbwsithaacodedinsfiquenesl denoding earid edppraotizaioomi mebys,t heglf r equency
transformati on neans, tinme 25envel ope i nformation cal gul ati on step,
perforned by feqHensyybarpcompanents iibntheaffeanengyodomansot dhe sppech ating,

usi nglghe ti ns?gr?ar]

Vefll'oorge%he low frequency band signal transformed into the
frequency domain by the frequency transformation means, first to Nth
(N is an integer equal to or larger than two ) low frequency band time
envelope calculation means for analyzing the low frequency band signal
transformed into the frequency domain by the frequency transformation
20 means and acquiring time envelopes for a plurality of low frequency
bands , time envelope calculation means for calculating a high
frequency band time envelope using the time envelope information,
whch is acquired by the coded sequence decoding and dequantization
means, and the plurality of low frequency band time envelopes which is

25 acquired by the low frequency band time envelope calculation means,

frequency envelope superposition means for superimposing the
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of the | ow frequency band conponents cal cul ated by the first to Nth | ow
frequency band tine envel ope cal cul ati on neans, tine envel ope information
necessary to acquire a tinme envel ope of high frequency band conponents of

t he speech signal transforned by the frequency 5 transformation neans, and
a supplenentary information cal cul ation step, perfornmed by supplenentary

i nformati on cal cul ati on neans, of anal yzing the speech signal and

cal cul ating supplenentary information for high frequency band generation to
be used for generating high frequency band conponents fromthe | ow
frequency ba i I 1 fuynt-her . c |.S8S ntigation and
encodi ng stegﬂ“%%gggr%%§g§96qﬁﬁﬁﬁﬁggﬁﬁoﬁwgﬁ ghgggpkggng ng%?é%kégantizing
and encodi ng P i g hj r

generation ggEQ@gﬁgdﬂﬁéﬂﬁﬁéaéﬁ6%@@%%%?%&§pF%%%?hggpgﬁe?g ggﬁ%ﬂ@%ﬁ§neans and
the tinme enveage tirié orei@tiope CalduhediefinBy 4 heindd-freqBav®) orgvdlpp&r Nat i on
15 cal cul ati on neans, a coded sequence construction step, perforned by
coded sequentignedireguency envelopandjusthenpnehng €oi adjusting, glvidg dopugmey band
coded sequence fromthe supplenentary information for high frequency band
gener ati on amdvelope; whick iy ecgpérednpthattine anvahipez ealcalatioanowedas, by t he
guanti zati on and encodi ng neans, and a 20 nultiplexing step, perfornmed by
mul ti pl exi ng adathe, time-fgequangli ey edopsd dwbiche uacqiirash by Hheulreqysnéyes t he

| ow frequency band coded sequence acquired by th? | ow frequency band
encodi ng neaf8VEIRPCt RBPHIPGRIICGe JUEMEY BaHH“de@@‘§§hd§H£élc FHIYG¥t ed by

h ded [ : di
accor di ng + oIRGB R 12} A ROER Rrad ToEanofCuSRT IR M Bielor am « nar
encodes a sperel i oBaha TRAIA0N AN GAUSAIn A OTIBho! b URGHIOBnaS

frequency trans tron ans ranstormng sitgnal into a
frequgmecy dong R kO hiBRa AS bhghts heyiseRe si gnal
and acquiri n[;méédﬁsow 5 ﬁﬁgguenc;gﬁaﬁgq{é%cggﬁéﬁ?ow \bequen’cy aﬁd&le%ncodi ng

means for engaglistel bYeht eimé-fiRGUeASY eRd&IBpe iadfidtmaatiHidans afd thegow
down-sanpling neans, first to h (Nis an integer equal to or |arger than

two ) |ow frdemeayy tnd signel, ewhizhopzedeadded! by ithe lowmadsedquency dandl ating a
plurality of time envel opes of |ow frequency band conponents of the 10
speech si gnaldetodimgf oyeans) amd @utpettinges dane ydaoami sighgl chotainiaguthecy
transformati on neans, tine envel ope information cal cul ati on neans for

cal cul ati ng, euﬁrmgreqn@cm h@@ﬁ@@p@p@ﬁsm the | ow frequency band conponents
cal cu{g;\t ed bi bgﬁofi rst to Nth | ow frequency band tinme envel ope cal cul ation
means;- ti nme f pe information necessary to 15 acquire a tinme envel ope

of high frequency hand ¢ onents of the.speech signal transfor.ned by the
frequency transf or%ﬁa%ﬂ& aRE ANy a&%%@n‘ﬁ&ﬂt ﬁ?tyaﬁﬂ?]ﬂ naPeE O(faﬁ ul ation
means for an ' ch Lﬁg@ c |.af i
i nformation ?%%%ﬁﬂghggfs {ﬁﬁﬁﬁ%ﬁéan ggﬁgg%}?%ﬁ%?§6 %Q%§§g8¢§gsﬁéﬁ%¥ating
hi gh frequen Nheodfd COSRRBRNiSnkl Fgﬂhf y(ﬂﬁ@ﬂ: ignal . The
progran1furt%grggauggsgthe_coggu%gpé{gﬂ?%ﬂgP on aéﬁgﬁgzgi%at pﬁ§;%d .
encodi ng neamanétin qaRnNdéminiplaihge aeshd ofdr heleip athe i dddedmat i on
for high frequency band generation generated by the suppl enentary
i nford@ti on cafjueticet o aedow dreduthey tharl endet opaqusnicer amd | #nhighl cul at ed
by the 25tinme envel ope infornmation cal cul ati on neans, coded sequence
frequency band coded sequence, low frequency band decoding means
for decoding the low frequency band coded sequence demultiplexed by
the demultiplexing means and obtaining a low frequency band signal,
frequency transformation means for transforming the low frequency
25 band signal, which is obtained by the low frequency band decoding

means, into a frequency domain, and high frequency band coded

20



construction neans for constructing a high frequency band coded sequence
fromthe supplenentary information for high frequency band generation and
the tine envel ope informati on quantized and encoded by the quantization and
encodi ng means, and mul tipl exi ng means for generating a coded sequence

whi ch nmul tipl exes the | ow frequency band 5 coded sequence acquired by the
| ow frequency band encodi ng neans and the high frequency band coded
sequence constructed by the coded sequence construction neans. [0028]
According to the speech encoder, the encoding nethod or the 10 encoding

program descrg i i i 151%4@' by
down- sanpl i ngéegﬁg%&gggggﬁﬁgﬁaﬁgﬁ&égﬁyﬁﬁgél @@vqﬁggq%’e Ce;ic an ngna IS
encoded, whi Is@qﬁeﬁ&eﬂd%hmmgl&eal PP B8V aRRRHIekins0 Widahs OMaD GqhRnth
conponents are cal cul ated based on the speech signal in the frequency

domai n, and usided suppl@henaly tigforhatiomefenvighofrequaicy! band gbnéradauency band
conponents, the tinme envel ope information for acquiring the tinme envel ope
of hi gh frequesquensxnzhveboproirdntmatien,cand tinat erdvelbpe tihformatioa. s fipd enent ary
information for high frequency band generation for generating high
frequebcy barfogmmohetics gauses the qompyterdaoehngtipanas sogedisequcnes cul at ed,
and, after th 0 supplenentary. i nformation for. high frequency band
gener ati on arfifcPANE phed deayantearionmsaRadohAeeeding A do@iniizNg Mo ded, the
ruct ed, ,whi,.ch contain he

hi gh f band coded ' t
Suppl ement ar  UPRIGRALIARD PTG A G [7F dHERnESNEHRY GBRE: ERTGR i Ghd tithe t1 e
I i nf ' : d [ t.ed j ich th
ow 1 squency S Sosat 88 RS aHEE ARG SrieCsREIDe uBar il " 1
Al i ' h ; IS i t
o the. decoddtel I e o e o N be-
used pp the %gﬁdﬁeqﬁbﬂﬁffﬁﬁn@dgéiﬁefrﬁﬁ&ltﬁﬁahé nﬁ)re'%?ﬁb%go‘cuﬂhghtﬁé equency
band conponentS on the decoder 3ide, and thereby the waveform of the time

envel ope of huphldmesuenmfobandon Sochigofieqiendysban] peicdtivh dectdgh
accuracy, using the correlation between the tine envel ope of |ow frequency
band conponeriys thadcotied tseaqpercr edanpding  dndyhddquagtieattgn bmedns; ohjginent s on
t he decoder side. As a result, the tine envelope in the decoded signal is
adj usted to Hzequeacyebandiicompansatishnphe faquenast doorain 0f g steedd si gnal
can be obtai ned A ]
signal from the low frequency band signal transformed into the
15 frequency domain by the frequency transformation means, first to Nth
(N is an integer equal to or larger than two ) low frequency band time
envelope calculation means for analyzing the low frequency band signal
transformed into the frequency domain by the frequency transformation
means and acquiring a plurality of low frequency band time envelopes,
20 time envelope calculation means for calculating a high frequency band
time envelope using the time envelope information, which is acquired
by the coded sequence decoding and dequantization means, and the
plurality of low frequency band time envelopes, which are acquired by
the low frequency band time envelope calculation means, frequency
25 envelope calculation means for calculating a frequency envelope using

the frequency envelope information, which is acquired by the coded
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10 on the decoder side in which pre-echoes and post-echoes are sufficiently
reduced. [0029] It is preferred that the speech encoder further

i ncl udes frequency envel ope cal cul ati on neans for cal cul ating frequency
envel ope 15 information of the high frequency band conponents of the
speech signal which is transfornmed into the frequency domain by the
frequency transformation neans, that the quantization and encodi ng neans
further quantizes and encodes the frequency envel ope information, and that
t he coded sequence construction nmeans constructs the high frequency band

20 coded seq Y | r ] i tion
quanti zed angggﬁgggég%%yhﬂﬁé“%ggﬁgggggﬁgﬁ‘gg%%£§§8§?ﬁ§£%@§%§59?%’this

confi gurati ond; e I -y equency
band corrpone%%i Lﬁéﬁgﬁﬁ%ﬂgﬁrﬁrg%g&oéndjﬁﬂiﬁ%gjé%?hegﬁg,eﬁgﬁgﬂ{ehe{ecﬁg%%ggﬁaﬁr% epr oduced
signal wth it ereglopealaiaion nsant aid shd fiequehiey chvelpeaidiitedn t he
decoder side. [0030] It is also preferred that the speech encoder
further incl byethecfivtuehcy ehoelopt i calcgatien aheans, redinse eavelppoearat ang ti ne
envel ope cal culation control information that controls tinme envel ope

cal culati on ifrequenpyp evkclope adehe bsgh drequenensomponents ganerathd bypthech si gnal
5 transforned. intg the frequency domain by the frequency transformation
means and (i hjgh héredpgacenbandpeenpragionat MeANS aladdl VETSsy freguanciye

envel ope information cal cul ati.on ans nd that the . coded sequence
const ruct i on BRI gans, fonadding e Tk dRGHeER PBd IR B hCe by

f h ddi . i I l.cul at | | _i,nf ' 10

gener at ed by "THEN st By, 0 BedllarlD, SRR bl fne s 1 i
ible to i h o [ | | th

Gocoder si e by (o Sp¥ rouehh FRA, Blarid "RIECH SR OBRIRUHY M Tol" oecn

st analgand Ry vaKel aRGJAL HRL! afd JpEEh § IS dmARSigRRLN of

conput at i on. s also preferr at the tine el ope

i nformation eshgiithiakithe eREAN freqaéidl BabBc@mpbngntenvel ope of high frequency
band conponents of the speech signal transfornmed into the frequency domain

by the frequ¢d@oftransformati on nmeans, and cal cul ates the time 20 envel ope
i nformati on based on correl ati on between a tine envel ope cal cul ated from

the first to Nth tAeeorlingltopke decodennther depoeiey nmrethad eorthodenodingnd t he
hvention OPG Shramm destribsd above. e low fequency ba signal s sbiained
15 from the coded sequence by demultiplexing and decoding, and the
supplementary information for high frequency band generation and the
time envelope information are obtained from the coded sequence by
demultiplexing, decoding and dequantization. Then, the high frequency
band components in the frequency domain are generated from the low
20 frequency band signal transformed into the frequency domain using the
supplementary information for high frequency band generation, and,
after acquiring a plurality of low frequency band time envelopes by
analyzing the low frequency band signal in the frequency domain, the
high frequency band time envelope is calculated using the plurality of

25 low frequency band time envelopes and the time envelope information.

Further, the time envelope of the high frequency band components is
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[ 0032] 25According to the present invention, it is possible to adjust the
time envel ope of a decoded signal to have a | ess distorted shape and

t hereby obtain a reproduced signal in which pre-echoes and post-echoes are
sufficiently reduced. Brief Description of Drawings [0033] 5Fig. 1 is a
schematic bl ock di agram of a speech decoder 1 according to a first

enbodi nent of the invention; Fig. 2 is a flowhart showi ng a procedure of a
speech decodi ng net hod i npl enented by the speech decoder 1 shown in Fig. 1;
Fig. 3 is a schematic block diagram of a speech encoder 2 10according to

the T1rst cThggieatPihd BachAYEThIg freBlhheybhid firkd eHFORDE, HhPHT 2

procedure o speec enco
adjusted high frequency band components and the low frequency band

signal are added together and thereby the time domain signal is output.
In this manner, because a plurality of low frequency band time
5 envelopes are used for adjustment of the time envelope of the high
frequency band components, the waveform of the time envelope of the
high frequency band components is adjusted with high accuracy by use
of the correlation between the time envelopes of low frequency band
components and the time envelope of high frequency band components.
10 As a result, the time envelope in the decoded signal is adjusted to have a
less distorted shape, and therefore a reproduced signal can be obtained
in which pre-echoes and post-echoes are sufficiently reduced .
[0020]
It is preferred that the speech decoder further includes time
15 envelope calculation control means for controlling at least one of (i)
calculation of the low frequency band time envelopes in the first to Nth
low frequency band time envelope calculation means and (ii)
calculation of the high frequency band time envelope in the time
envelope calculation means using the low frequency band signal
20 transformed into the frequency domain by the frequency transformation
means. With the time envelope calculation control means, it is possible
to omit calculation of the low frequency band time envelopes or
calculation of the high frequency band time envelope according to
properties such as the power of the low frequency band signal, thereby
25 reducing the amount of computation.

[0021]
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met hod i npl enented by the speech encoder 2 shown in Fig. 3; Fig. 5is
a di agram showi ng a configuration of a principal part relating to envel ope
calculation in a first alternative exanple of the 15speech decoder 1
according to the first enbodinment; Fig. 6 is a flowhart show ng a
procedure of envel ope cal cul ati on perforned by the speech decoder 1 shown
in Fig. 5; Fig. 7 is a diagram show ng a configuration of a principal
part relating to envel ope calculation in a second alternative exanpl e of

t he 20speech decoder 1 according to the first enbodinent; Fig. 8 is a

{1 ovchart showi ng_ & QRGPHINIEE RRL SEeORUEH A ARNBETAARIG K e

speech decoder 1 shown I'agr am show n

confi gur at | o@nQbichePEdIBGRBh RRftio)lSloahi Tor CBnaBURPBE 1A BeAbE e 10 @

third alternative exanple o ( ecoder according to the first
enbodi ment ;. Ehipulditbr 8f thef lowEREnS Buhd dinde BhOSIOPES & e ﬂfs\é‘_%d) o332

cal cul ation perfornmed by the speech decoder 1 shown in Fig.

low frequency band time envelope calculation means and (ii)
5 calculation of the high frequency band time envelope in the time
envelope calculation means using the time envelope information
acquired by the coded sequence decoding and dequantization means.
With the time envelope calculation control means, it is possible to omit
calculation of the low frequency band time envelopes or calculation of
10 the high frequency band time envelope according to the time envelope
information obtained from the coded sequence, thereby reducing the

amount of computation.

[0022]

It is also preferred that the high frequency band coded sequence
15 analysis means further acquires time envelope calculation control
information, and the speech decoder further includes time envelope
calculation control means for controlling at least one of (i) calculation of
the low frequency band time envelopes in the first to Nth low frequency
band time envelope calculation means and (ii) calculation of the high
20 frequency band time envelope in the time envelope calculation means
using the time envelope calculation control information acquired by the
high frequency band coded sequence analysis means. In this
configuration, it is possible to omit calculation of the low frequency
band time envelopes or calculation of the high frequency band time
25 envelope according to the time envelope calculation control information

obtained from the coded sequence, thereby reducing the amount of
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Fig. 11 is a flowhart show ng a procedure of envel ope calculation in a
fourth alternative exanple of the speech decoder 1 according to the first
enbodi ment; 5Fig. 12 is a flowhart showi ng a procedure of envel ope
calculation in a fifth alternative exanple of the speech decoder 1

according to the first enbodi nent; Fig. 13 is a flowhart show ng
a procedure of envelope calculation in a sixth alternative exanple of the
speech decoder 1 10according to the first enbodi nent; Fig. 14 is a

fl omchart showi ng a procedure of tinme envel ope cal culation perfornmed by a
time envel ope cal u{éation unit g in a seventh alternative exanple of the
speech decodé’rol"lpujﬁl BRding to the first embodinent; 15Fig. 15 is a

fl owchart shqp’pr?%na part of processing by a time envel ope cal cul ation
control unit en the seventh alternative exanple of the speech decoder

1 according to theyfidr ' ' |4 t s&% ative
exanpl e of gt he spetlaﬂ(c:ﬁ %%%?g%{r%ﬂlfagg%gr}%i}ﬂgﬂt%&ﬂﬁrgeyiﬂr’égg e gﬁeﬁg%ﬁ@mﬁ g.

16 is a fl owghalysis hawhng ﬁlrﬂ@rftaa{]ui%sorfﬁﬁéi avedyp@ Ed1BElafibM e oR ol
cal culation control unit In when the seventh alternative exanple of the

pesEcorataan e Mol sgentedasy gigastsire four
enbodi ment ; 26&arg. firthersinaludieadimenesiveltipegcadcalatibn guomdital aneanfs whidhr st
alternative exanple of the speech encoder 2 according to the first
enbodi nent ; further acquires second frequency envelope information and
determines, based on the time envelope calculation control information,
whether to adjust the frequency envelope of the high frequency band
10 components based on the second frequency envelope information and,
when it is determined to adjust the frequency envelope, controls not to
perform calculation of the low frequency band time envelopes by the
first to Nth low frequency band time envelope calculation means and
calculation of the high frequency band time envelope by the time
15 envelope calculation means. In this case also, it is possible to omit
calculation of the low frequency band time envelopes or calculation of
the high frequency band time envelope according to the time envelope
calculation control information obtained from the coded sequence,
thereby reducing the amount of computation.
20 [0024]

It is also preferred that the time-frequency envelope adjustment
means processes, with a specified function, the high frequency band
components of the speech signal generated by the high frequency band
generation means. It is also preferred that the low frequency band time

25 envelope calculation means processes, with a specified function, the

acquired plurality of low frequency band time envelopes .
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Fig. 18 is a flowhart show ng a procedure of speech encodi ng perforned by

t he speech encoder 2 shown in Fig. 17; Fig. 19 is a diagram
showi ng a configuration of a second 5alternative exanple of the speech
encoder 2 according to the first enbodi ment; Fig. 20 is a flowhart
showi ng a procedure of speech encoding perforned by the speech encoder 2
showmn in Fig. 19; Fig. 21 is a diagram show ng a configuration of
a third 10alternative exanple of the speech encoder 2 according to the
first enmbodi nent; Fig. 22 is a flowhart show ng a procedure of

speech encodiﬁg rformed by the speech encoder 2 shown in Fig. 21;
Fig. 23 is a[ %g]eam showi ng a configuration of a speech 15decoder 101

according to a sec W ng a
pr ocedurg of speecﬁﬂglélgpgﬁgédﬁgg?g accr%glrgfog% %Eﬁff{]l‘keegy)}@gﬁ%fﬁgghomg in
Fig. 23; d nf| eech
engoder 102 agg%{r}‘gleﬁgé?%ﬁ% é[ éélgg{)(%? %g% di men ﬁﬁzog?g’r g éb:hsegc Egr\alchart

showi ng a pr%ﬁg#is%sqfecﬁmeyhrmmaﬁmmﬁfe%ﬁg B traMs fofmisd gee Bpapoder 102
shown in Fig. 25 Fig. 27 is a diagramshowi ng a configuration in

whi ch §he firsinadl tigtmatd vdrepenpye ddmbig sgpewasanpioger neamgcofali ng to
the first enbodi ment of the invention is applied to the speech encoder 102
25accor di ng tdowrhearsplingdhe rspocéhmeignabfandhacquitiegta brw frequency band
signal, low frequency band encoding means for encoding the low
frequency band signal acquired by the down-sampling means, first to
Nth (N is an integer equal to or larger than two ) low frequency band
10 time envelope calculation means for calculating a plurality of time
envelopes of low frequency band components of the speech signal
transformed into the frequency domain by the frequency transformation
means, time envelope information calculation means for calculating,
using the time envelopes of the low frequency band components
15 calculated by the first to Nth low frequency band time envelope
calculation means, time envelope information necessary to acquire a
time envelope of high frequency band components of the speech signal
transformed by the frequency transformation means, and supplementary
information calculation means for analyzing the speech signal and
20 calculating supplementary information for high frequency band
generation to be used for generating high frequency band components
from the low frequency band signal. The speech encoder further
comprises quantization and encoding means for quantizing and
encoding the supplementary information for high frequency band
25 generation generated by the supplementary information calculation

means and the time envelope information calculated by the time
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Fig. 28 is a flowhart show ng a procedure of speech encoding perfornmed by
t he speech encoder 102 shown in Fig. 27, Fig. 29 is a diagram show ng
a configuration in which the second alternative exanple of the speech
encoder 2 according to the first enbodinment of the invention is applied to
t he speech encoder 102 5according to the second enbodi nent of the

I nventi on; Fig. 30 is a flowhart show ng a procedure of speech
encodi ng performed by the speech encoder 102 shown in Fig. 29; Fig.
31 is a diagram showi ng a configuration of a speech decoder 201 according

Lo 2 Lhird el gmnturolFlion dfcdugn hANRDicE QM AR BROGREIE O

speech decoding e speech

Fig. 33 is agk %g;; g{ph&ggn%vuegiﬂ% aC}ﬁ@h' R Ric9bad &cﬁ@%@eﬁ@&ﬂ%ﬁ%mﬁart

according to a 34 1s a

show ng a proeppleificoarys ﬁlﬁ%@ﬂﬂaﬂ@ﬁ%t ﬂﬂg}i%m%ﬁéﬁlbdnbxgdnleeat&ﬂﬁﬁﬁ@ tkecoder

301 shown in Fig. 33; i s a di agram show ng a configuration of
a speech encdilee e’dﬁ&l@pﬂ:mfdrmgtlbn quaeltItzbd rathdeetendiedely the quantifation 36 is a
fl owchart showi ng a procedure of speech encoding perfornmed by the speech
encodep 202 shwvan¢ediBggmeadss, and multiplexing means for generating a coded
sequence which multiplexes the low frequency band coded sequence,
which is acquired by the low frequency band encoding means, and the
high frequency band coded sequence, which is constructed by the coded
sequence construction means .
10 [0026]
An encoding method according to one aspect of the invention is
a speech encoding method of encoding a speech signal. The method
comprises a frequency transformation step, performed by frequency
transformation means, of transforming the speech signal into a
15 frequency domain, a down-sampling step, performed by down-sampling
means, of down-sampling the speech signal and acquiring a low
frequency band signal, a low frequency band encoding step, performed
by low frequency band encoding means, of encoding the low frequency
band signal acquired by the down-sampling means, first to Nth (N is an
20 integer equal to or larger than two) low frequency band time envelope
calculation step, performed by first to Nth low frequency band time
envelope calculation means, of calculating a plurality of time envelopes
of low frequency band components of the speech signal transformed
into the frequency domain by the frequency transformation means, time

25 envelope information calculation step, performed by time envelope

information calculation means, of calculating, using the time envelopes

27



20Fig. 37 is a diagramshow ng a configuration of a speech encoder 302
according to a fourth enbodi nent; Fig. 38 is a flowhart show ng a
procedure of speech encoding perfornmed by the speech encoder 302 shown in
Fig. 37; Fig. 39 is a diagramshowi ng a configuration of a third
25al ternative exanple of the speech decoder 101 according to the second
enbodi nent; and Fig. 40 is a flowhart show ng a procedure of
speech decodi ng performed by the speech decoder 101 shown in Fig. 39.
Description of Enbodi nents [0034] 5Preferred enbodi nents of a speech

decoder, 2 SRISHD RNTAREncP LaREEE R ASROR R IRIDNR, 1R FRFFERENGRIT 1o

e :
nmet hod, a speec eco a speech e ng "program accor di ng

to the prese ' ti af; ' ' t ' PR ref erence
Pprest rffedu@}ﬂt@?. b&hd flij‘léjeéﬁféltlﬂﬂéjtibg&ghﬂ@ﬁ Bledns, d@‘nt%h eeng’?g:\%e

to the drawings. It is noted that, escription o ngs, the
same 10el erreriﬁﬁarﬁ«laltibnbﬁe@é%g@yeﬁb Byqlite #aitke ledivelodpec ef HpRofreq@diity’ edundant

description will be omtted.
band components of the speech signal transformed by the frequency

5 transformation means, and a supplementary information calculation step,
performed by supplementary information calculation means, of
analyzing the speech signal and calculating supplementary information
for high frequency band generation to be used for generating high
frequency band components from the low frequency band signal. The

10 method further comprises a quantization and encoding step, performed
by quantization and encoding means, of quantizing and encoding the
supplementary information for high frequency band generation
generated by the supplementary information calculation means and the
time envelope information calculated by the time envelope information

15 calculation means, a coded sequence construction step, performed by
coded sequence construction means, of constructing a high frequency
band coded sequence from the supplementary information for high
frequency band generation and the time envelope information quantized
and encoded by the quantization and encoding means, and a

20 multiplexing step, performed by multiplexing means, of generating a
coded sequence which multiplexes the low frequency band coded
sequence acquired by the low frequency band encoding means and the
high frequency band coded sequence constructed by the coded sequence
construction means . |

25 [0027]

An encoding program according to one aspect of the invention is
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[ 0035] [First Enbodinent] [0036] 15Fig. 1 is a schematic block diagramof a
speech decoder 1 according to a first enbodi nent of the invention, and Fig.
2 is a flowhart showi ng a procedure of a speech decodi ng net hod

i npl emented by the speech decoder 1. The speech decoder 1 includes CPU,

ROM RAM a conmuni cation device and the |ike, which are not 20 shown, and
the CPU | oads a specified conputer program (for exanple, a conputer program
for performng the process shown in the flowhart of Fig. 2) stored in an
internal nmenory such as the ROM of the speech decoder 1 to the RAM and

t th j Th
communi cat | ort SRR IHE PEOSRT i oo R ARGERI PROBRREAR o0 Codea
Sequence thaleguSeOH! Githphied Tol AMCABRSEN RGREUSY tBnsfhirelion! eahsigr b

descri bed, and outputs decoded speech to the outside. [0037]
As shown in Righsfdsmingetheppeeth ﬁgﬁ@ﬂﬁﬂohﬁéc{\mdcgnﬁirﬂla&n; devudesnling
a

denul ti plexing unit (denultiplexing nmeans) , a low frequency band 5
decodi ng uni tm¢amsv for edoenesaniyding dhe osprerghnemms) dddl agoéng spl liow i ng
filter bank unit (frequency transformation nmeans) |c, a coded sequence
anal ysfs uni tit¢quepeyf bagde signabardawe diethepejudand sneddisgs nmms%or d, a
coded sequence decodi ng/ dequanti zation unit (cqded sequence decodi ng and
dequant i zat i GHCREHIE he low %ﬁﬂg@n@ob@ﬂd pignal aequired hy dredown-sampling or

T o e AT ! PRSe ool T S Bt gt heyerey, bane
ani t (hi g £ Aseoney” Baid' fiieo PaTF e salfuldbinh, Moy R TRl B 38 Ve rent
unit (tinme enyglARe AR Slop&ABF low frequency band components of the
10 speech signal transformed into the frequency domain by the frequency
transformation means, time envelope information calculation means for
calculating, using the time envelopes of the low frequency band
components calculated by the first to Nth low frequency band time
envelope calculation means, time envelope information necessary to
15 acquire a time envelope of high frequency band components of the
speech signal transformed by the frequency transformation means, and
supplementary information calculation means for analyzing the speech
signal and calculating supplementary information for high frequency
band generation to be used for generating high frequency band
20 components from the low frequency band signal. The program further
causes the computer to function as quantization and encoding means for
quantizing and encoding the supplementary information for high
frequency band generation generated by the supplementary information
calculation means and the time envelope information calculated by the
25 time envelope information calculation means, coded sequence

construction means for constructing a high frequency band coded
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15 ii, and a band synthesis filter bank unit (inverse frequency
transformation neans) 1 j (1c tole and Ih to Ii are sonetines referred to
al so as a bandwi dth extension unit (bandw dth extension neans)). The
respective units of the speech decoder 1 shown in Fig. 1 are finetional
units that are realized by the CPU of the speech decoder 1 20 executing a
conputer programstored in the internal nenory of the speech decoder 1. The
CPU of the speech decoder 1 executes the conputer program (uses the
functional units of Fig. 1) and thereby sequentially executes the process

assuned that S Boaromt ther i FuhRSy TREARNGR S IBR bR BB o ogr am
and var ous daher BRRCIR 1 4HE IR BXRRIBOM A ol QTN GlcoBERETam ar e

stored in theinternal nenory, “such as and he speech decoder

1. [0038]  the idmtizHA6A! 8¢ &colditts MBSRACTaNE Miltifetig! hfeanRefih decoder
1 wll hereinafter be described in detail. 5[0039] The demul ti pl exing

unit la divi geserting 4 todakesyendedvisieh uenieipléeatthe sownpedudnty Baad t he
conmmruni cation device of the speech decoder 1 into a | ow frequency band
coded $equencedaddequinahatqurgd byythealody drdpdnsye duandcendndinge muédrispl exi ng.
10[ 0040] The | ow frequency band decoding unit | b decodes the | ow
frequency barmaddbadighdrmicnsy hangdl ¢asteds seguene carstruatediboxthecaded: | a and
obt ai ns a decoded signal that contains only |ow frequency band conponents .
A nethod of @BGRNKFWEFUBHOBIEHSon a speech coding 15 nethod such as
CELP ( Code- Ezﬁgﬁg Li near Prediction) or based on audi o coding such as AAC
(Advanced Au di ng) and TCX (Transform Coded Excitation). Further, it

ey b besed o0 FONCEEH 58 o AP ok SO o SRS "
embodigrent,  3n20RkLBbMAmC A bdSatiRle, RAE bGH iRGL¥NdY Bah8%ignal is
obtained by down-sampling of a speech signal, and the low frequency
band signal is encoded, while a plurality of time envelopes of low
frequency band components are calculated based on the speech signal in
the frequency domain, and using the plurality of time envelopes of low
15 frequency band components, the time envelope information for
acquiring the time envelope of high frequency band components is
calculated. Further, the supplementary information for high frequency
band generation for generating high frequency band components from
the low frequency band signal 1is calculated, and, after the
20 supplementary information for high frequency band generation and the
time envelope information are quantized and encoded, the high
frequency band coded sequence is constructed, which contains the
supplementary information for high frequency band generation and the
time envelope information . Then, the coded sequence is generated in
25 which the low frequency band coded sequence and the high frequency

band coded sequence are multiplexed . Accordingly, when the coded
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[ 0041] The band splitting filter bank unit | c analyzes the decoded
signal containing only |ow frequency band conponents supplied fromthe | ow
frequency band decoding unit |Ib and transfornms the decoded 25signal into a
signal in the frequency domain. Hereinafter, the signal in the frequency
domai n that corresponds to the | ow frequency band acquired by the band
splitting filter bank unit Ic is represented as Xde.O0,i) {01<k,
t(s)<Vt(s+1l), O<s<sEl, where j is an index in the frequency direction, i is
an index in the time direction, and |Ic is a nonnegative integer. Further, t

I's defined sqehfated ﬁﬁn@ﬁf‘&?tﬁe(&écfﬁ\dkf %" Pgrgl?%é%l%&ii@%ﬁ&?&ryaﬁn%?&ﬁhé) W th

respect to the index i ctorresponds tG t urther. sE

i's the nunbergRbldids E4dMes usddeombpeedédcr sider RAPaAESIHS fhaetiiame
specified by the coding nethod to which the decodi ng rnethod of the | ow

frequency barghvdtspedohbiginfieqhbneobiind tempanehtseon thdeeabduresifeaael may
correspond to so-called SBR franme or 10 SBR envel ope tine segnent in SBR
used in " NMPEGherehg' thepaiviefemn yf tHeSGineE@nvelge- 6f higlotfeequeacy band hi s
enbodi nent, the tine interval specified by the franme is not limted to the
above @xanpl €ompriepvie adjgstedi witly highr segusacy,t BsiagQuthes Wopghtigubsanpl e

Bono Tt ByrSEARR RISt ORISR il oS e 5
i 1 i ] i

M e e e R R

hi gh f | d | e~

o 1 9uen s S90A0E HERELOaB T BRSBTS AN

| e decodes aggséjﬁﬁﬁf@}‘?éd $Rapd, 'é%]dic@g o?é‘QHthB;H;ugggﬁ%ﬂgl%raﬁaﬁé BBYafit?éd hi gh

frequency band generati on supp rom-t sequence anal ysis
10 on the decoder side in which pre-echoes and post-echoes are sufficiently
reduced.
[0029]

It is preferred that the speech encoder further includes frequency
envelope calculation means for calculating frequency envelope
15 information of the high frequency band components of the speech signal
which is transformed into the frequency domain by the frequency
transformation means, that the quantization and encoding means further
quantizes and encodes the frequency envelope information, and that the
coded sequence construction means constructs the high frequency band
20 coded sequence by further adding the frequency envelope information
quantized and encoded by the quantization and encoding means. In this
configuration, adjustment of the frequency envelope of the high
frequency band components can be made on the decoder side, and
therefore a reproduced signal with improved frequency characteristics

25 can be obtained on the decoder side.

[0030]
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25unit 1 d and obtains coded supplenmentary information for high frequency
band generation, and decodes and dequanti zes the coded tine envel ope

i nformati on supplied fromthe coded sequence analysis unit Id and acquires
time envel ope information. [0044] The first to n-th | ow frequency band tine
envel ope calculation 5 units H to 1f," calculate tine envel opes different
fromeach other. Specifically, the k-th | ow frequency band tine envel ope
calculation unit |Ifk (1<k<n) receives a | ow frequency band signal X(j,i)
{0<j<k,, t(s)<i<t(s+l), O<s<sg) fromthe band splitting filter bank unit |c

10° (b ocessi ng i W &p sk PreffRR B8 o nfedoh, KRRQHE pgher BRHENE) 00

10 (processing in requency band

time envel Op%oﬁ%b}:%%ﬂn&)ﬁidiﬁig%nbfdﬁoﬁ?‘h?é&n@tF& ﬁefa'tiﬁg ﬁPﬁ@'eﬁQ?loo\'E@ee(k’ )

as follows. [0045 Irst, different sub-bandS in the frequency

band can be Ltakésidd ednts] foimatibntthaessntkdls ande kéhveddpestalcitatiohe
follow ng condition. [Equation |I] O<kl <kh <k The total nunber of

possi bl e setsnoh spdeebedscoddr, uking) asaleast yorreg dfhéi) atiwy epeesidi digeal i s
nmak=kx(kk+1)/2. The sub-bands can be specified
5 transformed into the frequency domain by the frequency transformation
means and (ii) the time envelope information calculated by the time
envelope information calculation means, and that the coded sequence
construction means constructs the high frequency band coded sequence
by further adding the time envelope calculation control information
10 generated by the control information generation means. In this case, it is
possible to increase the efficiency of time envelope calculation on the
decoder side by referring to the property such as the power of the
speech signal and the time envelope information, thereby reducing the
amount of computation.
15 [0031]

It is also preferred that the time envelope information
calculation means calculates a time envelope of high frequency band
components of the speech signal transformed into the frequency domain
by the frequency transformation means, and calculates the time

20 envelope information based on correlation between a time envelope
calculated from the first to Nth time envelopes of low frequency banc
components and the time envelope of the frequency components.
Advantageous Effects of In_vention
[0032]

25 According to the present invention, it is possible to adjust the

time envelope of a decoded signal to have a less distorted shape anc
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20by selecting any one fromthose sets of integers. [0046] Next, n
nunber of sub-bands are specified by selecting n nunber fromthe nr,,a"
sets of integers Hereinafter, to represent the n nunber of bands, two
arrays Bl and Bh with the size n are defined so 25that the signal Xdec(]
;1) {131(k)jJ31, (k), t(s)<i<t(s+ l)), 0<5<5s) corresponds to the k-th
(1<k<n) sub-band conponent. [0047] Further, the power tinme envel ope
of the n number of sub-band conponents is acquired by the follow ng
equation. 5[Equation 2] EL(k,O= k h 1Xd" (J,012 -k1 +1 - _ki k = (k) , kh =

Bh (k) , 1< ‘Ljﬁeltli'b},I §6thin Eftréﬁroﬁﬁ):ed gig?lafif@hich pre-echoes and post-echoes

are sufficiently reduced.
Brief Description of Drawings
[0033]
5 Fig. 1 is a schematic block diagram of a speech decoder 1
according to a first embodiment of the invention;
Fig. 2 is a flowchart showing a procedure of a speech decoding
method implemented by the speech decoder 1 shown in Fig. 1;
Fig. 3 is a schematic block diagram of a speech encoder 2
10 according to the first embodiment of the invention;
Fig. 4 is a flowchart showing a procedure of a speech encoding
method implemented by the speech encoder 2 shown in Fig. 3;
Fig. 5 is a diagram showing a configuration of a principal part
relating to envelope calculation in a first alternative example of the
15 speech decoder 1 according to the first embodiment;
Fig. 6 is a flowchart showing a procedure of envelope
calculation performed by the speech decoder 1 shown in Fig. 5;
Fig. 7 is a diagram showing a configuration of a principal part
relating to envelope calculation in a second alternative example of the
20 speech decoder 1 according to the first embodiment;
Fig. 8 is a flowchart showing a procedure of envelope
calculation performed by the speech decoder 1 shown in Fig. 7;
Fig. 9 is a diagram showing a configuration of a principal part
relating to envelope calculation in a third alternative example of the
25 speech decoder 1 according to the first embodiment;

Fig. 10 is a flowchart showing a procedure of envelope
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Then, the fo
3] Lo(k,i) =
time envel op
gquantity Lo(
snmoot hing th
equation. 15
above equati
order of sno
for exanpl e.
t he val ue of

10

15

20

25

|l owi ng equation is calculated for the above EL(k,i).

[ EQuat i on

10 logio Et(s)..i<t(s+1l), trils<skE 10[0048] Then, a
e L(k,i) is acquired by perform ng specified processing on the

k,i). For exanple, the tinme envelope L(k,i) nmay be acq

uired by

e quantity Lo(k,i) in the time direction by using the follow ng

[ EQuation 4] 1,1(k i 1 kt(s)i <t(s +1), 0 s < sE

In the

on, sc(j), 0<j<d is the coefficient of smoothing, and d is the
ot hing. The value of sc(j) is set by the foll ow ng equati on,

MR B0 e 3 b1 Yo ka0 EKaR ik P embodi ment

ove €qua
Fig. 11 is a flowchart showing a procedure of envelope

calculation in a fourth alternative example of the speech decoder 1
according to the first embodiment; |

Fig. 12 is a flowchart showing a procedure of envelope
calculation in a fifth alternative example of the speech decoder 1
according to the first embodiment;

Fig. 13 is a flowchart showing a procedure of envelope
calculation in a sixth alternative example of the speech decoder 1
according to the first embodiment;

Fig. 14 is a flowchart showing a procedure of time envelope
calculation performed by a time envelope calculation unit 1g in a
seventh alternative example of the speech decoder 1 according to the
first embodiment;

Fig. 15 is a flowchart showing a part of processing by a time
envelope calculation control unit Im when the seventh alternative
example of the speech decoder 1 according to the first embodiment is
applied to the second alternative example of the speech decoder 1
according to the first embodiment;

Fig. 16 is a flowchart showing a part of processing by a time
envelope calculation control unit 1n when the seventh alternative
example of the speech decoder 1 according to the first embodiment is
applied to the fourth alternative example of the speech decoder 1
according to the first embodiment;

Fig. 17 is a diagram showing a configuration of a first

alternative example of the speech encoder 2 according to the first
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[ 0049] 10Further, the above Lo(k,i) may be cal cul ated by the foll ow ng
equation, for exanple. [Equation 6] Lo(k,i) = EL(k,i), t(s)i<t(s+l), O
_C_S<sE Furthernore, the above Lo(k,i) nmay be cal cul ated by
the 15fol l owi ng equation, for exanple. [Equation 7] Lo(k,i)= 10 log, O
EL(k,i) t(s+0-1 EEL (k,i) + i=t(s) '

embodiment;

Fig. 18 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 2 shown in Fig. 17;

Fig. 19 is a diagram showing a configuration of a second

5 alternative example of the speech encoder 2 according to the first
embodiment;

Fig. 20 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 2 shown in Fig. 19;

Fig. 21 is a diagram showing a configuration of a third

10 alternative example of the speech encoder 2 according to the first
embodiment;

Fig. 22 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 2 shown in Fig. 21;

Fig. 23 is a diagram showing a configuration of a speech

15 decoder 101 according to a second embodiment;

Fig. 24 is a flowchart showing a procedure of speech decoding
performed by the speech decoder 101 shown in Fig. 23;

Fig. 25 is a diagram showing a configuration of a speech
encoder 102 according to the second embodiment;

20 Fig. 26 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 102 shown in Fig. 25;

Fig. 27 is a diagram showing a configuration in which the first
alternative example of the speech encoder 2 according to the first
embodiment of the invention is applied to the speech encoder 102

25 according to the second embodiment of the invention;

Fig. 28 is a flowchart showing a procedure of speech encoding
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1 <kn, t(s)i <t(s +1), 0 s < s where c is the relaxation factor for
avoi di ng division by zero. Further, the above Lo(k,i) may be cal cul ated by
the foll ow ng equation, for exanple. 5[Equation 8] Lo(k,i)= EL(k,i) t(s+0-1
EEL(k,o+e i=t(s) 1<kn, t(s)i<t(s-Fl), 0O_.s<sE [0050] The tinme
envel ope Ld"(k,i) calculated by the k-th | ow frequency band tinme envel ope
gial culation unit 1fk is obtained using the follow ng 10equation: [Equation
performed by the speech encoder 102 shown in Fig. 27;
Fig. 29 is a diagram showing a configuration in which the
second alternative example of the speech encoder 2 according to the
first embodiment of the invention is applied to the speech encoder 102
5 according to the second embodiment of the invention;
Fig. 30 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 102 shown in Fig. 29;
Fig. 31 is a diagram showing a configuration of a speech
decoder 201 according to a third embodiment;
10 Fig. 32 is a flowchart showing a procedure of speech decoding
performed by the speech decoder 201 shown in Fig. 31;
Fig. 33 is a diagram showing a configuration of a speech
decoder 301 according to a fourth embodiment;
Fig. 34 is a flowchart showing a procedure of speech decoding
15 performed by the speech decoder 301 shown in Fig. 33;
Fig. 35 is a diagram showing a configuration of a speech
encoder 202 according to the third embodiment;
Fig. 36 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 202 shown in Fig. 35;
20 Fig. 37 is a diagram showing a configuration of a speech
encoder 302 according to a fourth embodiment;
Fig. 38 is a flowchart showing a procedure of speech encoding
performed by the speech encoder 302 shown in Fig. 37;
Fig. 39 is a diagram showing a configuration of a third

25 alternative example of the speech decoder 101 according to the second

embodiment; and
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Ldec(k ,i) = Lo (k ,i) 1.2(-5_n, t(s)i<t(s+l), sC s<sE or the
foll ow ng equation: [Equation 10]. Ld"(k , O =Li 0 c ,i) 1<kn,
t(s)i<t(s+l), Os<skE 11,77in-1 5[0051] Note that the above Ldec(Kk,i)
may be any paraneter representing the tine-variation of the signal power or
t he signal anplitude of the k-th sub-band signal and not |limted to the
above formof Lo(k,i) and Li(k,i). [0052] 10Further, the above Ldec(k,i)
may be cal cul ated by a nmethod using principal conponent anal ysis as

foll ows. [0053] First, in the process of calculating Ldec(k,i) {1l<k<n,

t(s)<i<t(s+l), O<s I ri . i [ fhe £ respondi n
t(() %he (15 a%)ove Lgﬁg'( ﬂgﬁ?aaggﬁgg?@%ap elgkltfi oﬁgﬁﬁgﬁﬁgg@gﬁ %(écgly&e%c?g]u;@ Ircl)g n °
wi t h anot her -~ b epresented as L2(Kk,i

koo 1) R e e 4O B PRy P tem )
t(s)<i <t (s+1)PesGipAsROTHMBodPmefies S-th (0<s<sE) frame is regarded as

sanpl es of m nunber of vectors with the order D=t(s+1)-t(s), and the
[0034]

5 Preferred embodiments of a speech decoder, a speech encoder, a
speech decoding method, a speech encoding method, a speech decoding
program, and a speech encoding program according to the present
invention are described hereinafter in detail with reference to the
drawings. It is noted that, in the description of the drawings, the same

10 elements will be denoted by the same reference symbols and redundant
description will be omitted.

[0035]
[First Embodiment]
[0036]

15 Fig. 1 is a schematic block diagram of a speech decoder 1
according to a first embodiment of the invention, and Fig. 2 is a
flowchart showing a procedure of a speech decoding method
implemented by the speech decoder 1. The speech decoder 1 includes
CPU, ROM, RAM, a communication device and the like, which are not

20 shown, and the CPU loads a specified computer program (for example,
a computer program for performing the process shown in the flowchart
of Fig. 2) stored in an internal memory such as the ROM of the speech
decoder 1 to the RAM and executes the program to exercise control
over the speech decoder 1. The communication device of the speech

25 decoder 1 receives a multiplexed coded sequence that is output from the

speech encoder 2, which will later be described , and outputs a decoded
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average of those sanples is calculated by the foll ow ng equati on.
11] L2 (i, 711 = - L2,"e (i) /11 /=1 t(s)< t(S +1), 0 s < sz

Usi ng the above average, the displacenent vector is defined by the

[ EQuat i on

5fol | owi ng equation. [Equation 12] 54(1,0 = L2 (1)0 L2,a" (i) 1 << m

t(s)<t(S 1)1 0 S < SE Fromthose displ acenent vectors,

t he

vari ance-covariance nmatrix Coy with the size DxD is cal culated by the

foll owi ng equation. 10[ Equation 13] m

10

15

20

25

speech signal to the outside.
[0037]

As shown in Fig. 1, the speech decoder 1 functionally includes a
demultiplexing unit (demultiplexing means) la, a low frequency band
decoding unit (low frequency band decoding means) 1b, a band splitting
filter bank unit (frequency transformation means) lc, a coded sequence
analysis unit (high frequency band coded sequence analysis means) 1d,
a coded sequence decoding/dequantization unit (coded sequence
decoding and dequantization means) le, first to n-th (n is an integer of
two or more) low frequency band time envelope calculation unit (low
frequency band time envelope calculation means) 1f; to 1f,, a time
envelope calculation unit (time envelope calculation means) 1g, a high
frequency band generation unit (high frequency band generation means)
1h, a time envelope adjustment unit (time envelope adjustment means)
li, and a band synthesis filter bank wunit (inverse frequency
transformation means) 1j (1c to le and 1h to 1i are sometimes referred
to also as a bandwidth extension unit (bandwidth extension means)).
The respective units of the speech decoder 1 shown in Fig. 1 are
functional units that are realized by the CPU of the speech decoder 1
executing a computer program stored in the internal memory of the
speech decoder 1. The CPU of the speech decoder 1 executes the
computer program (uses the functional units of Fig. 1) and thereby
sequentially executes the process shown in the flowchart of Fig. 2 (thé
process of Steps SO1 to S10). It is assumed that various data required for
execution of the computer program and various data generated through

execution of the computer program are stored in the internal memory,
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Cov(i, j)=--+1t(s) -1)1(1, j +t(s)-1) m1=1, j =1,2, , DO s < sk [0054]
Then, the eigenvectors V(k) of the matrix Coy that satisfy the follow ng
equation [Equation 14] J.1 covo, Dv(k).; = v(k)4(k) , D band are
orthogonal to each other are cal cul ated. The above V(k), is the conponent
of the eigenvectors V(k), and Alk) is the eigenvalue of the matrix Coy
corresponding to V. Each of the above vectors V(k) may be nornmalized.
However, a nmethod nornalization is not limted in this invention.
Hereinafter, it is assunmed that As(1l)>A (2)>...>X(D) to sinplify the

10descri ptiong, .} 0339bM and RAM, of the speech decoder 1.
[0038]

The functions of the respective units of the speech decoder 1

will hereinafter be described in detail.
5 [0039]

The demultiplexing unit la divides a multiplexed coded
sequence that is input through the communication device of the speech
decoder 1 into a low frequency band coded sequence and a high
frequency band coded sequence by demultiplexing.

10 [0040]

The low frequency band decoding unit 1b decodes the low
frequency band coded sequence supplied from the demultiplexing unit
laand obtains a decoded signal that contains only low frequency band
components . A method of decoding may be based on a speech coding

15 method such as CELP (Code-Excited Linear Prediction) or based on
audio coding such as AAC (Advanced Audio Coding) and TCX
(Transform Coded Excitation). Further, it may be based on PCM (Pulse
Code Modulation) coding. Furthermore, it may be based on a method
that uses those coding methods switchably. In this embodiment, a

20 method of coding is not particularly limited.

[0041]

The band splitting filter bank unit 1c¢ analyzes the decoded
signal containing only low frequency band components supplied from
the low frequency band decoding unit 1b and transforms the decoded

25 signal into a signal in the frequency domain. Hereinafter, the signal in

the frequency domain that corresponds to the low frequency band
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Usi ng the eigenvectors acquired in the above manner, the | ow frequency band
time envelope calculation unit 1 fk (1<k<n) cal cul ates the tine envel ope
Ldee(k,i) as follows. Specifically, when D>m(=n-1), 15 n-1 nunber of
vectors are selected fromthe above ei genvectors in the order of nmagnitudes
correspondi ng ei genval ues, and the tinme envel ope is cal culated by the
follow ng equation. [Equation 15] d"(k10= {v(k)1l 1<k.n-1 L2,awi) k=n
t(s)/ <t(S 1), 0 S < SE On the other hand, when D<n(=n-1), the tine

envel ope is calculated by the foll ow ng equati on using the above

el genvect ors, .1 Gy the Yand Silfing! ikt FasRPuAR TENS reprédnfiPGd) k-1
Kaec(js1) {055<k,, t(s)<i<t(s+1), 0<s<sg}, where j is an index in the
frequency direction, i is an index in the time direction, and k, is a
nonnegative integer. Further, t is defined so that the range t(s)<i<t(s+1)

5 of the signal X4..(j,1) with respect to the index i corresponds to the s-th
(0<s<sg) frame. Further. sg is the number of all frames. The above frame
corresponds to the frame specified by the coding method to which the
decoding method of the low frequency band decoding unit 1b conforms .
Further, the above frame may correspond to so-called SBR frame or

10 SBR envelope time segment in SBR used in "MPEG4 AAC" specified
by "ISO/IEC 14496-3". Note that, in this embodiment, the time interval
specified by the frame is not limited to the above example. The above
index i may correspond to a QMF subband subsample or a time slot
equaling several subband samples in SBR used in "MPEG4 AAC"
15 specified by "ISO/IEC 14496-3".
[0042]

The coded sequence analysis unit 1d analyzes the high
frequency band coded sequence supplied from the demultiplexing unit
la and acquires coded supplementary information for high frequency

20 band generation and coded time-frequency envelope information.
[0043]

The coded sequence decoding/dequantization unit le decodes
and dequantizes the coded supplementary information for high
frequency band generation supplied from the coded sequence analysis

25 unit 1d and obtains coded supplementary information for high

frequency band generation, and decodes and dequantizes the coded time
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<t(S 1), 0 S < SE where a is a constant nunber, and a=0, for exanple.
Further, when D<m(=n-1), the tinme envel ope may be cal cul ated by the

foll owi ng equation. [Equation 17] V(k)i L2(k-D,i) L2,ave (i)k=n
t(s)i<t(s--Fl), 0 s<sk, [0056] Further, the above Ld"(k,i) may be
calculated by the follow ng nmethod. First, in the process of cal cul ating
L2(1,0 described above, 5 L2(1,i), 1<l<m t(s)<i<t(s+1l), ID<S<SE is

cal cul at ed assum ng men. Those can be regarded as a group of n nunber of
D=t (s+1)-t(s) dinensional vectors. Using the n nunber of vectors, n nunber

o oord ST AR TR I 0% O R ATy L
met hod of and acquires time envelope information. '
[0044]
The first to n-th low frequency band time envelope calculation
5 units 1f; to 1f, calculate time envelopes different from each other.
Specifically, the k-th low frequency band time envelope calculation unit
1fy (1<k<n) receives a low frequency band signal X(j,i) {0<j<k,,
t(s)<i<t(s+1), 0<s<sg} from the band splitting filter bank unit 1c and
calculates the k-th time envelope Lg.(k,i) in the low frequency band
10 (processing in Step Sb6). To be specific, the k-th low frequency band
time envelope calculation unit 1f; calculates the time envelope Lye.(k,i)
as follows.
[0045]
First, different sub-bands in the low frequency band can be
15 specified using two integers k, and k,, satisfying the following condition.

[Equation 1]
0<k <k, <k,

The total number of possible sets of integers (k;, ky,) satisfying
the above condition is ny,=k.(k,+1)/2. The sub-bands can be specified
20 by selecting any one from those sets of integers.
[0046]
Next, n number of sub-bands are specified by selecting n
number from the n,,. sets of integers, Hereinafter, to represent the n
number of bands, two arrays B; and By, with the size n are defined so

25 that the signal Xue(i) {BiK)<i<Bu(k), Hs)<i<t(s+1)), O0<s<sg}
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10or t hogonal i zati on, however, is not limted to the above exanple. Further,
the orthogonal vectors are not necessarily normalized. [0057] The
time envelope calculation unit I g cal culates a high frequency band tine
envel ope using the n nunber of |ow frequency 15 band tine envel opes
supplied fromthe first to n-th | ow frequency band tinme envel ope
calculation units 1 fi to If and the tinme envel ope information supplied
fromthe coded sequence decodi ng/ dequanti zation unit le. Specifically, the
calculation of the time envel ope by the tinme envel ope calculation unit |g
is perforned, ki< teo gh frequency band is
divided into Bﬁe%ﬁ@é W%ggﬁberag k H%S 358 dﬂﬁﬁgge sub- bands are
represented ago (1=1, 2, 3,-410. Next, using the above-described tine

envel ope Ldec(k,i), the ti me 5envel ope ¢ Qclec(1,0 of the
sub-band BM in thEulthet) the gowesraymbanidelspecal thed atmgmber bf stbdanddex in
the tinme direction. [0059] For exanple, the above-described gd"(1,0
is given by thmpfomehtsisagqeedbydhe falddEmgequation8] g dec (1, 0 =Al (s)
Ldec(k,i),
( 5 ) [Equation 2]
EL(kal): k Z‘ dec .]9 ‘
J =k,

k, =B(k), k,=B,(k),

1<k<n, ts)<i<t(s+1), 0<s<s,

Then, the following equation is calculated for the above E (k,i).

[Equation 3]

Ly(k,i)=10log,, E, (k,1),

1<k<n, ts)<i<t(s+1), 0<s<s,

10 [0048]
Then, a time envelope L(k,i) is acquired by performing specified
processing on the quantity Lg(k,i). For example, the time envelope
L(k,i) may be acquired by smoothing the quantity Ly(k,i) in the time
direction by using the following equation.

15 [Equation 4]
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k=1 1_17111, t(s)i<t(s+l), O _s<skE The value in the above equati on:

[ Equation 19] Alk(s),l< k <n, 0 15is the tinme envel ope information
supplied fromthe coded sequence decodi ng/ dequanti zation unit |e. [0060]
Further, in the tinme envel ope information supplied fromthe coded sequence
decodi ng/ dequanti zation unit le, the coefficient Al,k(s) 20may contain the
coefficient: [Equation 20] 4,0(S), In H and, in this case, the above
gdec(1,0 may be given by the follow ng equation. [Equation 21]

(d
> Lo(k,i=j)se(j) d<i
Ll(kai):< 720

> Ly(ki~ j)sc(j) i<d
/=0

1<k<n, t(s)<i<t(s+1), 0<s<s,

In the above equation, sc(j), 0<j<d is the coefficient of
smoothing, and d is the order of smoothing. The value of sc(j) is set by
the following equation, for example.

5 [Equation 5]
sc(=1/(d+1), 0<;<d

However, in this embodiment, the value of sc(j) is not limited to the
above equation.
[0049]

10 Further, the above Ly(k,1) may be calculated by the following
equation, for example.

[Equation 6]

Ly(k,1) = £, (k,1),

1<k<n, t(s)<i<t(s+1), 0<s<s;

Furthermore, the above Lg(k,i) may be calculated by the
15 following equation, for example.

[Equation 7]
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n, gd'(1,1)=lk,k(s) Ld"(k,i))+ ALO (s) k=1 1nH, t(s)i <t(s +1), 0s <s E
5[ 0061] Further, the tine envelope information supplied fromthe
coded sequence decodi ng/ dequanti zation unit |le nay contain the coefficient
given by the follow ng equation: [Equation 22] I10A ck (s), 1 1 nH 1<k g,
O s <skEin addition to the above coefficient A, k(s) {1l<l<nu, 1<k<n,
O<s<sE} or the above coefficient Al,k(s) {l<l<nu, 0lc<n, O0<s<sE}, and, in
this case, the above gdec(l,i) may be given by the follow ng equation:

[ Equation 23] ng g dec(1,0 =1(4,k(s). Ld".(k ,0)-1-10 ,-k(s) U (k ,i))
k=1k=1 1511t (s)i<t(s+1), 05_s<sk or the follow ng equation: [Equation 24]

E, (k,i)
t(s+1)—1 b4

Y E (ki)+e

\ i=t(s) y,

L,(k,i)=10log,,

1<k<n, t(s)<i<t(s+1), 0<s<s,
where ¢ is the relaxation factor for avoiding division by zero. Further,

the above Ly(k,i) may be calculated by the following equation, for

example.
5 [Equation 8]
. E, (ki)
Ly(k,i) = t(S+1)—1L : >
D E (k,i)+e
i=t(s)

1<k<n, t(s)<i<t(s+1), 0<s<s,
[0050]
The time envelope Lg.(k,i) calculated by the k-th low frequency
band time envelope calculation unit 1f; is obtained using the following
10 equation:

[Equation 9]
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rtg g dec 1l =2ZO (s) lidec(k,0)+ AL0 (s) +Z(A ck(s) (k ,0) lc=1k=1
lt(s)<t(s +1), 0 s < s where U(k,i) {1<k<g, t(s)<Rt(s+l), O<s<sEl is a
specified coefficient or a specified function. For exanple, Uk,i) nay be
the function given by the follow ng equation: 5[ Equation 25] U (k , i) =
cos(Qk (i -t (s))) 11t(s)_i<t(s+l), Os<skE where 11 is a specified
coefficient. [0062] The above gdec(1,0 may be in another form as
long as it is a 10representation by Ldec(k,), and the time envel ope
information is also not limted to the formof the coefficient Al,k(s).

[0063] . .
L, (k,i)y=Ly(k,i)
1<k<n, ts)<i<t(s+1), 0<s<s;
or the following equation:
[Equation 10].
Ldec(kﬂl) = Ll (kal)
1<k<n, t(s)<i<t(s+1), 0<s<s;
1<Im<n-1
5 [0051]

Note that the above Ly4.c(k,i) may be any parameter representing
the time-variation of the signal power or the signal amplitude of the k-th
sub-band signal and not limited to the above form of Ly(k,i) and L,(k,i).
[0052]

10 Further, the above Lg.(k,i) may be calculated by a method using
principal component analysis as follows.
[0053]

First, in the process of calculating Lgec(k,i) {1<k<n, t(s)<i<t(s+1),

0<s<sg} described above, m kinds of quantities corresponding to the
15 above Lgc(k,i) are calculated for the index k by replacing n with another

integer m=n-1, and those quantitics are represented as L;(k,i)
{1=k<m(=n-1), t(s)<i<t(s+1), 0<s<sg}. Then, the above Ly(l,i) {1<I<m,
t(s)<i<t(s+1)} corresponding to the s-th (0<s<sg) frame is regarded as

samples of m number of vectors with the order D=t(s+1)-t(s), and the
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Finally, using the above g (1i) the tinme envel ope calculation unit |Ig
calcul ates the tine envel ope by the followi ng equation 15[ Equation 26] E T
(1= 10 .1x g dee (1,0 5 t(s)_i<t(s+l), 0 _s<sE or the follow ng equation.
[Equatlon 271 T, (1 ,=9gd" (1, , t(s)<t(s +1), 0 s < s [0064] 5The
hi gh frequency band generation unit |h replicates, using the supplenentary
information for high frequency band generation supplied fromthe coded
sequence decodi ng/ dequanti zation unit le, the |low frequency band signal
Xdec( 1,0 {05] <kx, t(s)<i<t(s+l), O<s<sk} supplied fromthe band splitting

[111er” bank LLoLorahO LG NCILGRUENEY e K R <y Seneratse

generation OIEEQQK;HQ frequency band is performed in accordance with a

met hod of 1 generation in SBR of "MPE&X4 AAC' specified by "I1SO 1EC
14496- 3" ("1SQ | EC 14496-3 iub rt 4 General Audio Coding"). 15[0065]
2ave(l)__ LZ(lﬂl) '
m =

t(s)<i<ft(s+1), 0<s<s,
Using the above average, the displacement vector is defined by the

5 following equation.

[Equation 12]

oL,(1,i)=L,(l,i) L, .. ()
1</ <m,

t(s)<i<t(s+1), 0<s<s,

From those displacement vectors, the variance-covariance matrix Cov
with the size DxD is calculated by the following equation.
10 [Equation 13}

Cov(i, j) =ii&(1,i+t(s)—l)él(l,j+t(s)—l)
m =
i,j=12,--,D

0<s<s,

[0054]
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The tinme envel ope adjustnment unit |i adjusts the tinme envel ope of the high
frequency band signal Xii(j,0 ocx<i<km, t(s)<i<t(s+l), 0O<s<sE) supplied
fromthe high frequency band generation unit | h by using the tine envel ope
ET(1,i) { I<l<n}{, t(s)<i<t(s+l), O<s<sE) supplied 20fromthe tinme envel ope
calculation unit |Ig. [0066] Specifically, adjustnment of the tine
envel ope is made by a nethod simlar to the 1-11F adjustnent in SBR of
"MPEGA AAC' as descried below. For sinplification, a nethod that takes
only noise addition in the HE adjustnent into consideration is described
bel ow, and net hods r alel [ ®C i L L) , gain
snot her and si nuso{[gl%zglﬂg;ﬁ?%ggéd;%g{og%ﬁ{tegﬁb—g\?\%%@ﬁ?@? ?%ltgglg§/f2 %ﬁé’
generalize &k as to include the above onitted processing.
Not e t hat itﬁ}o?ﬁ%ﬁ@%%g&ﬁr& noi se floor scale factor required for
perform ng prggaagbad4gorresponding to noise addition or a paraneter
required for performng the above-described omtted processing are already
supplied fromtpe coded sequence decodi ng/ dequanti zation unit |e. 10[0067]
First, for si nfigcati-an f ol g scription, an array FH having
nii+1 nunber of’i Adé€X¥ l;ggléé(gﬁyiﬁgwgg)} (Sﬁdary of the sub-band Bcp,
(1<l<m{) as el€Ments is defined so that the signal X4,0 {F}{(1)<j<FH(1+1),
t(s)kt(s+1), OKS<sEl corresponds to the conponent 15of the sub-band B(T) 1.
Note that FH(1)=k,, and Fl I (nu+l)=knmax+1. [0068] Under the above
definition, theyti ervel ope,is transforned by the foll ow ng equation:

[ Equat i on 28]l,Ek, EWBJE,TQ(,I ",

5 and are orthogonal to each other are calculated. The above V%, is the
component of the eigenvectors V¥, and A% is the eigenvalue of the
matrix Cov corresponding to V&, Each of the above vectors V® may be
normalized. However, a method normalization is not limited in this
invention. Hereinafter, it is assumed that AV>0®>_ >A® to simplify the

10 description.
[0055]

Using the eigenvectors acquired in the above manner, the low
frequency band time envelope calculation unit 1f, (1<k<n) calculates
the time envelope L. (k,i) as follows. Specifically, when D>m(=n-1),

15 n-1 number of vectors are selected from the above eigenvectors in the
order of magnitudes corresponding eigenvalues, and the time envelope
is calculated by the following equation.

[Equation 15]
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k - kr< m< kh-kx, k=F, (1) kh FH (1 1) 1' 2017711, t(s)i<t(s+l), d.s<sE
After that, the noise floor scale factor QQmi) given by the coded sequence
decodi ng/ dequanti zation unit le are transformed by the foll ow ng equation.

[ Equat i on 29] 50 m< M t(s) i <t(S 1), 0 S < SE where M-F(nx+1)-F(1).
Further, the gain is calculated by the follow ng equation: [Equation 30]

~

vy, 1<k<n-1
2,ave (l) k =N

t(s)<i<t(s+1), 0<s<s,

On the other hand, when D<m(=n-1), the time envelope is calculated by

(k, l)—4

dec

the following equation using the above eigenvectors.

[Equation 16]

‘LZ,ave (l) k ~n

t(s)<i<t(s+1), 0<s<s,
where o is a constant number, and =0, for example. Further, when
D<m(=n-1), the time envelope may be calculated by the following

equation.

[Equation 17]
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E(mi) Qmi) 1+ mO05 0 m< M t(s) _. i <t(S 1), 0 S < SE 10The
quantity represented by the follow ng equation is defined. [Equation 31]
1Ch EC int (k-kx)O =Yl x012 (kh-k +1\ ) j.k k = FH(p) ljch = F (p +1)-1

.

), 1<k<D
L,(k—D,i) D+1<k<n-1
szave(i) k=n

A\

L, (k,i)=

.

t(s)<i<t(s+1), 0<s<ys,

[0056]
Further, the above Lg..(k,i) may be calculated by the following
method. First, in the process of calculating L,(l,i) described above,
5 Ly(L,1), 1<l<m, t(s)<i<t(s+1), 0<s<sg is calculated assuming m=n. Those
can be regarded as a group of n number of D=t(s+1)-t(s) dimensional
vectors. Using the n number of vectors, n number of orthogonal vectors
are calculated by a method such as Gram-Schmidt orthogonalization
and set as Lge(k,i), 1<I<n, t(s)<i<t(st1), 0<s<sg. A method of
10 orthogonalization, however, is not limited to the above example. Further,
the orthogonal vectors are not necessarily normalized.
[0057]
The time envelope calculation unit 1g calculates a high
frequency band time envelope using the n number of low frequency
15 band time envelopes supplied from the first to n-th low frequency band
time envelope calculation units 1f; to 1f, and the time envelope
information supplied from the coded sequence decoding/dequantization
unit le. Specifically, the calculation of the time envelope by the time

envelope calculation unit 1g is performed as follows.
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t(s)i<t(s+l), 05_s<skE [0069] Finally, the tinme envel ope adjust nent
unit |Ii obtains the signal with the adjusted tinme envel ope by the foll ow ng
equation: 5[Equation 32] Re {Y(m+ kx,i)} = Re{f W (m 0} @ (m 0 Vo (f
(0), Im{Y(m+ kx,i)}=m{W(mO}+ @(111,0 W(mi)= Gmi)- Xdec(Mr kx,i), O
m< M t(s) <t(S 1), 0 S < SE where Vo and V1 are arrays specifying the
noi se conponent, and f is the function to nmap the index i onto an index on
the arrays (see "I SO I EC 14496-3 4.B. 18" for a specific exanple). 10[0070]
The band synthesis filter bank unit |j adds the high frequency band signal
Y(i,j) (k4OcE@(?<5 ]t(s) kt (s+1), O<s<sE) supplied fromthe tinme envel ope

adj ust nent uni Efi and the | ow frequency band signal X(j,i) {01<k,

t(s)<Vt(s+l), O<s<pf %H@Bizgerpﬁteﬁggnﬁefaﬁﬁl@ﬁ;éiﬁ@éd iﬂtbﬁ%

f B8 e kK unit lc
t oget her and then synthesi Zes reby acqui e(ang ?ieco ed speech

signal in thefkib®haddspiri 08¢ silbibaads hee fprédentdd &ABENGI=0a3d. gppponent s,
and outputs the acquired speech signal to the outside throug’h the i nt er nal
communi cat i olNedeyiuseng 3he0Zbdve-described time envelope Lge(k,i), the time
5 envelope Zue(l,i) of the sub-band B, in the high frequency band is
calculated. i is the index in the time direction.
[0059]
For example, the above-described gu.(l,i) is given by the

following equation.

10 [Equation 18]

. l,0) = Z A[,I(, (s)- Ly, (k, i),
k=1

1<I<mn,, ts)<i<t(s+l), 0<s<s,

The value in the above equation:

[Equation 19]

A4,(s), 1£l<n,, 1<k<n, 0<s<s,
15 is the time envelope information supplied from the coded sequence

decoding/dequantization unit le.

[0060]

Further, in the time envelope information supplied from the

coded sequence decoding/dequantization unit le, the coefficient Aj(s)
20 may contain the coefficient:

[Equation 20]

A4,(s), 1<i<n,, 0<s<s,
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Hereinafter, the operation of the speech decoder 1 is described and the
speech decodi ng nethod in the speech decoder 1 is also described in detai
with reference to Fig. 2. [0072] 10First, the denultiplexing unit la
di vides the input coded sequence into the | ow frequency band coded sequence
and the high frequency band coded sequence (Step SO01). Next, the |ow
frequency band decoding unit | b decodes the | ow frequency band coded
sequence and obtains the decoded signal containing only | ow frequency band
15 conponents (Step S02). Then, the band splitting filter bank unit |c
anal yzes the decqded:si | 1c0 j. i ng I fE c onents
and transforﬁgﬁkﬁgiﬁ¥%c%§§igﬁhﬁbﬁﬁgéﬁﬁﬂﬁ?ééﬁ%ﬂ%ag%%%g?) ?§?§§ﬂ§%§¥? [ 0073]
20Further, the,gndgd sequence analysis unit 1 d analyzes the high frequency
band coded sequence and acquires the coded suppl enentary information for
hi gh frequenqEqbangn@gneration and the quantized time envel ope information
(Step S™4). Then, the coded sequence decodi ng/ dequantization unit |e
decodes the supplenmentary 4 nformation for high 25frequency band generation
and dequanti zesg t e %% opge..i nfror i Siiep ). After that, the
hi gh frequencyébaH§=Zlﬁ§;§zid%ukﬁﬁ}flgbgaépfﬁkgﬁgso(ﬁﬁslom1frequency band
si gnal Xdece, 0 onto the high frequency band using the suppl enentary
information for high frequency band generation and thereby generates the
hi gh frequency band signal Xdece5i) (Step 806). Then, the first to n-th | ow
frequency ba [ enve culatignqynitifl to |f calculate a
plurality of nfeé'o’(/&zféwncy l{ﬁ.ﬂj —%Mﬁ@leﬁb;gs Lngkgl‘% ggsed on the | ow
frequency band signal X(j,i) (Step 507). [0074]

5 [0061]

Further, the time envelope information supplied from the coded
sequence decoding/dequantization unit le may contain the coefficient
given by the following equation:

[Equation 22]
A _(s), 1<l<n,, 1<k<g, 0<s<s,

in addition to the above coefficient A;i(s) {1<I<ny, 1<k<n, 0<s<sg} or

10

the above coefficient A;(s) {1<I<ny, 0<k<n, 0<s<sg}, and, in this case,
the above ggq..(1,i) may be given by the following equation:

[Equation 23]

o)) = Y (4 (5) Lo (kD)) (4o () Uk, )

k=l

s 1<i<n,, ts)<i<t(s+1), 0<s<s,

or the following equation:

[Equation 24]
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Further, the time envel ope calculation unit | g calculates the high 10
frequency band tine envelope ET(1l,i) using the plurality of |ow frequency
band ti ne envel opes Ld"(k,i) and the time envel ope information (Step 808).
Then, the time envel ope adjustnent unit ii adjusts the tine envel ope of the
hi gh frequency band signal XH(j,i) by using the tinme envel ope ET(1,i) (Step
809). Finally, the band synthesis 15 filter bank unit |j adds the high
frequency band signal Y(i,j) and the |low frequency band signal X(j,i)

t oget her and then synthesizes themto acquire the decoded speech signal in
the time domain and outputs the decoded speech signal (Step S10). [0075]
20Fig. 3 is a diagrams d& a configuratign of the s encoder_2 _
according to g, 1, iyt=e ({n lnipgni) oLd(gCJ{JC,ilr)jéﬂﬂl%r(,S TQ‘LAAS) aU(k,l))
flowchart show ng a procggure”of a speech encodihg net HOG i nplenented by

t he speech encoder 2. The speech encoder 2 includes CPU, ROM RAM a
communi cation device and the |ike that are not 25physically shown, and the
CPU | oads a specified conmpute rogram (foy, exappl e, a conputer program for
per f or ni ng tﬁécpi&dﬁpj,sh jrgtlhé fTSmth};t &éﬂgﬂ stored in an
internal nmenory such as the ROM of the speech encoder 2 to the RAM and
executes the programto thereby exercise control over_the speech encoder 2.

The comuni c¥teshUdks) ¢ tit<tpéech. BreoHdris 2 speeliadeeoedlisisat R si gnal

to be encoded fram t.he 5outside and pu ts a code | tiplexed bit stream
Lo the outs: dspecisddncton Fage Siranfe ik ghas B the Teperidh EieoRe:r 5
functional | ywi&n bjludes a ﬁ%{v{?ﬁsarrpl ing unit (down-sanpling neans) 2a, a | ow

frequency ba 88‘{;}{1%5‘31 '

‘(1 ow frequency band encodi ng neans) 2b, a band
splitts ng 1@5‘5&4&0%r2§]ank unit (frequency transformati on neans) 2c, a
suppl énent ar ntormati on for high frequency band generation cal cul ati on

unit (supple y [\hformati cal gul at,i on 2d, first ton-th (nis
an integer o;"zy k),rl eQ}(DS%/h et&eﬂéy bafi S? envel ope cal cul ation

units (low frequency ‘band tine envel ope cal cul &’ 1’on nmeans) 2el to 2e,

1<k<g, ts)<i<t(s+1), 0<s<ys,

where Q is a specified coefficient.
[0062]

The above gu{l,i) may be in another form as long as it is a

10 representation by Lgec(k,i), and the time envelope information is also not

limited to the form of the coefficient A, k(s).
[0063]

Finally, using the above gy (l,i), the time envelope calculation
unit 1g calculates the time envelope by the following equation

15 [Equation 26]

ET (l, l) — IOO.IngeC (l,i),

1<I<n,, ts)<i<t(s+1), 0<s<s;
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15 a tine envelope information calculation unit (tine envel ope information
cal cul ation neans) 2f, a quantization/encoding unit (quantization and
encodi ng nmeans) 2g, a high frequency band coded sequence construction unit
(coded sequence construction neans) 2h, and a multiplexing unit

(rmul tiplexing nmeans) 2i. The respective units of the 20 speech encoder 2
shown in Fig. 3 are functional units that are realized by the CPU of the
speech encoder 2 executing a conputer programstored in the internal nenory
of the speech encoder 2. The CPU of the speech encoder 2 executes the

conput er pr Og&faﬁ%%ﬁ&ﬁ’&#ﬂ@#@-i onal units of Fig. 3) to sequentially

execute the process s € 25flowchart of Fig. 4 (the process of
Steps S| to [$fihtioht27]S assuned that various data required for execution
of the computer prograrn and various data generated by execution of the

conput er progrﬁ ar Zstored in the ipterpal nenory, such as ROM and RAM of
t he speech encaédey Z {@()77:]: 5ghge¢do@/£-,sb ling unit 2a processes an
external input sighal that is received through the conmunication device of
t he speech encoder 2 and obtains a down-sanpled tine dormain signal in the

| ow frequency, band. The | ow, f eguency band, encodi ng unit 2b encodes the
down- sanpl ed ki ﬂonf%}p sfﬁ.ﬁ | Sahel Jﬁﬁ‘a-ﬂ-n]s),a I fSeﬁuEgcy band 10 coded
sequence. The encoding In the | ow frequency band encodi ng unit 2b may be

based on a Sﬁﬁ%‘ég codi ng nmet hod such as CELP, or based on transform coding
such as AAC bio codi ng such as TCX. Further, it may be based on PCM

cod s Further G e R o AR o s R0 50 0
L Ll T PO SR S a2
CoL Col 1 RV S ARACE TSI ULARTAIBNE TS e e, 2
where | is anfrédquedyl bhrddngighsleNYeqaYy {0<j<k,, t(s)<i<t(s+1), 0<s<sg} supplied
from the band splitting filter bank unit 1c onto the high frequency band
10 and thereby generates a high frequency band signal Xgee(j,i) {kx<j<Kmaxs
t(s)<i<t(s+1), 0<s<sg}. The generation of the high frequency band is
performed in accordance with a method of HF generation in SBR of
"MPEG4 AAC" specified by "ISO/IEC 14496-3" ("ISO/IEC 14496-3
subpart 4 General Audio Coding").
15 [0065]
The time envelope adjustment unit 11 adjusts the time envelope
of the high frequency band signal Xy(,i) {k«<jKmae t(S)<i<t(s+1),
0<s<sg} supplied from the high frequency band generation unit 1h by
using the time envelope Ex(l,i) {1<I<ny, t(s)<i<t(s+1), 0<s<sg} supplied
20 from the time envelope calculation unit 1g.
[0066]
Specifically, adjustment of the time envelope is made by a

method similar to the HF adjustment in SBR of "MPEG4 AAC" as
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direction, i is an index in the tine direction. [0079] The

suppl enentary information for high frequency band generation cal cul ation
unit 2d receives the frequency domai n signal 25X(j,i) fromthe band
splitting filter bank unit 2c and cal cul ates, based on anal ysis of the
power, signal variations, tonality and the |like of the high frequency
band, supplenentary information for high frequency band generation to be
used when generating high frequency band signal conponents from | ow
frequency band signal conponents. [0080] 5The first to n-th | ow frequency

band ti | | cul af i i 2el 2 I |, i f diff
D e SRSy SR R BB uod Pl BlbYafly Roldeeren
St Ll aglforkinf el 98 o SAHERE Y RO B BB ERbER AN Ui ¢
ek (1<k<n) receives a I'ow T1equency band signa (7,1 <J <KX,

t(s) <i <t (S+1)metfodsebire &{Hin%(i’%??scé%@ sﬁiéhiési%sﬁﬁ lfﬂlitéﬁgahﬁaﬂﬁoﬂmrt 2¢c and

cal cul ates the k-th ti enver o L(k,i) ft(s)<Vt(s+l), O<s<skl in the | ow
frequency bangdi sinassidr sédicionarchoirigedbBlosvales clti Redagaks Weakiairenet hod of
the time envel ope Ldee(k,i) of the k-th |ow frequency band tine envel ope
cal culation pno¢esking {olds<ty imufuddthespmachométabproctssing cNokethat iise.

15[ 0081] The tinme envel ope information calculation unit 2f receives
the hi gh fregssnogd thaidadsegeadr qgle fyctokngaaitedt fos petfosming praiessioB1 from
the band splitting filter bank unit 2c and receives the time envel ope
L(k,i) (t(s)<paesrondingdededse agdision: ¢fea parametsirequitaib RyPHEMIBE 20

crvel ope cal il oL Lon L ek (Aot col SHLALES LR Sl 0B e
i o mati on cAdRS sEkFi bl de R Epb BRI or ' & Yeror ence 1 me
envel gpe in t[666ﬂi gh frequency band when the tine envel ope Ldee(k,i) is
First, for simplification of the following description, an array Fy
having nyt1 number of indexes representing the boundary of the
sub-band B", (1<1<ny) as elements is defined so that the signal Xu(j,i)
{Fu()g<Fu(1+1), t(s)<i<t(s+1), 0<s<sg} corresponds to the component
15 of the sub-band B}, Note that Fy(1)=k, and Fu(ny+1)=Kput+1.
[0068]
Under the above definition, the time envelope is transformed by
the following equation:

[Equation 28]

E(m,i)=E,(l,i)

k, = Fy ()
¥ ok, =F,(I+D)-T

20 1<I<n,, ts)<i<t(s+1), 0<s<s;
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25gi ven on the speech decoder 1 side described above. [0082]

Specifically, calculation of the tinme envelope information is perfornmed as
follows. First, a tinme envel ope of power is calculated by the foll ow ng
equation. [Equation 33] 1 kh ki +1)-k = FH(1),= FR (1 +1) -1, 51
|.12,11, t(s)< t(s +1), 0 s < s E Next, when the reference tine envelope in
the 1-th (1<1<nll) frequency band of the high frequency band is represented
as H(1,i) {t(s)<i<t(s+1l)}, the reference tine envelope H(1l,i) is calcul ated
by the follow ng equation. 10[ Equation 34] H(1, = 10 loglo EH (/, i),

After that, the noise floor scale factor Q(m,i) given by the coded
sequence decoding/dequantization unit le are transformed by the
following equation:

[Equation 29]

Q(m,i)
1+0(m,i)’

0<m<M, ts)<i<t(s+1), 0<s<s,

where M=F(ng+1)-F(1). Further, the gain is calculated by the following

Q,(m,i) = [E(m,i)-

equation:

[Equation 30]

Gm.i) = E(mi)  Q(m,i)
’ (e+E._(mi)) 1+Q(m,i)’

CUFF

0<m<M, ts)<i<t(s+]1), 0<s<s,

10 The quantity represented by the following equation is defined.
[Equation 31]
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kh = FH(/),=FH (/ + 1) - 1, t(s)<t(s +1), 0 s < sz or by the follow ng
equation. [Equation 35] H(1,0=E H(1,0, kh = FH(1),= Frig +1) -1,
t(S)_i<t(S+tl), 0.5"<SE [0083] Note that, the reference tinme envel ope
in the high frequency band may be obtained by perform ng specified
processing (for exanple, 5 snoothing) on H(14), like the time envelope in
the | ow frequency band descri bed above. Further, the reference tine

envel ope in the high frequency band is not necessarily cal culated by the
above cal cul ation nethod as long as it is a paraneter representing the
time-variation of the signal power or the signal anplitude of the high
frequency band_signal . 10Wen the apbroximmE%?’of t he neference tine

envel ope” H(1, IEﬁlgﬁf(mk’I&g’g) @W) f|=k! [)élp_]r(ejgh)|eg as g(1,0, the

formof g(1,i)
k, =Fy,(p)
k,=F,(p+1)-1

1<p<n,, ts)<i<t(s+1l), 0<s<s,

[0069]
Finally, the time envelope adjustment unit 1i obtains the signal
with the adjusted time envelope by the following equation:

5 [Equation 32]
Re{Y(m + k,,i)} =Re{W (m,i)} + Q,(m,1) - Vo (S (D)),
Im{Y (m + ki) } = I {W(m, i)} + O, (m, 1) - Vi (f (D)),
Wi(m,i) = G(m,i)- X ,.(m+ k1),

O0<m<M, Hs)<i<t(s+1), 0<s<s,

where Vy and V| are arrays specifying the noise component, and f is the
function to map the index i onto an index on the arrays (see "ISO/IEC
14496-3 4.B.18" for a specific example).
10 [0070]
The band synthesis filter bank unit 1j adds the high frequency
band signal Y(i,j) {k<j<Kmay t(s)<i<t(s+1), 0<s<sg} supplied from the
time envelope adjustment unit 1li and the low frequency band signal

X(§,1) {0<55<ky, t(s)<i<t(s+1), 0<s<sg} supplied from the band splitting
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to the formg (1 1 in the speech decoder 1. The tine envelope L(k,i)

corresponds to the tine envel ope Ldec(k,i) on the speech decoder 1 side.
exanple, the time envel ope informati on can be cal cul ated by
defining an error of the above g(1,i) with respect to the reference tine

[0084] 15For

envel ope H(1
Specifically

20t hat gi ves
envel ope i nf
using a nune
of the above
be cal cul ate

10

15

20

25

4) and calculating g(1,i) that mnimzes the error.

, It can be calculated by treating the error as a function of
the tine envelope infornmation and finding the tinme envel ope infornmation
the m ni num val ue of the error. The calculation of the tine

S50 T 15 BSRURD "SR WO S5t B B, GHL T

b 2" HbPodi BBt b if S FRETGhviTRy SPRBURRE e, ), T

W1, 1) -9(1, Oegitire frequency bamd (Smpomknfilafi SufpmE the acquired speech

signal to the outside through the internal communication device.
[0071]

Hereinafter, the operation of the speech decoder 1 is described
and the speech decoding method in the speech decoder 1 is also
described in detail with reference to Fig. 2.

[0072]

First, the demultiplexing unit la divides the input coded
sequence into the low frequency band coded sequence and the high
frequency band coded sequence (Step SO01). Next, the low frequency
band decoding unit 1b decodes the low frequency band coded sequence
and obtains the decoded signal containing only low frequency band
components (Step S02). Then, the band splitting filter bank unit 1c
analyzes the decoded signal containing only low frequency band
components and transforms it into a signal in the frequency domain
(Step S03).

[0073]

Further, the coded sequence analysis unit 1d analyzes the high
frequency band coded sequence and acquires the coded supplementary
information for high frequency band generation and the quantized time
envelope information (Step S04). Then, the coded sequence decoding/
dequantization unit le decodes the supplementary information for high
frequency band generation and dequantizes the time envelope

information (Step SO05). After that, the high frequency band generation

57



Further, the error may be cal cul ated as a weighted error using the
foll owi ng equation. 10[Equation 37] t(s+1)-1 error= EWi)(Hv,i)-g(1,0)2, =t
(s) 0.5_s<sE Furthernore, the error may be cal cul ated by the follow ng
equation: [Equation 38] t(s +1)-1 error =E E wy,im(l,i)-9(1,0)2, 1=1 i=t(Ss)
0 s <sg The weight w(1,i) may be defined as a weight that varies with the
time index i or a weight that varies with the frequency index 1, and it may
be defined as a weight that varies with the time index i and the frequency
index 1. Note that, in this enbodinent, the formof the error and the

unit 1h replicates the low frequency band signal X ..(j,i) onto the high
frequency band using the supplementary information for high frequency
band generation and thereby generates the high frequency band signal
Xaeeljs1) (Step S06). Then, the first to n-th low frequency band time
5 envelope calculation units 1f; to 1f, calculate a plurality of low
frequency band time envelopes Lge(k,i) based on the low frequency
band signal X(j,i) (Step S07).
[0074]
Further, the time envelope calculation unit 1g calculates the high

10 frequency band time envelope Er(lL,i) using the plurality of low
frequency band time envelopes Lg.(k,i) and the time envelope
information (Step S08). Then, the time envelope adjustment unit 1i
adjusts the time envelope of the high frequency band signal Xy(j,i) by
using the time envelope E(l,i) (Step S09). Finally, the band synthesis

15 filter bank unit 1j adds the high frequency band signal Y(i,j) and the low
frequency band signal X(j,i) together and then synthesizes them to
acquire the decoded speech signal in the time domain and outputs the
decoded speech signal (Step S10).

[0075]

20 Fig. 3 is a diagram showing a configuration of the speech
encoder 2 according to the first embodiment of the invention, and Fig. 4
is a flowchart showing a procedure of a speech encoding method
implemented by the speech encoder 2. The speech encoder 2 includes
CPU, ROM, RAM, a communication device and the like that are not

25 physically shown, and the CPU loads a specified computer program (for

example, a computer program for performing the process shown in the
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5form of the weight are not particularly limted to the above exanpl es.

[ 0086] The quanti zati on/encoding unit 2g receives the tinme envel ope
information fromthe tinme envel ope information calculation unit 2f and then
guanti zes and encodes the tinme envel ope information, and receives 10 the
suppl ementary information for high frequency band generation fromthe

suppl enentary information for high frequency band generation cal cul ation
unit 2d and then encodes the supplenentary information for high frequency
band generation. [0087] 15As a quantization and encodi ng nethod of the tine

oo 161 ent  ALREh atiof g 4) Morel "R e Tabiohl Suc BEufle RO 9y ¢ nen
ent r opy- codege Ry Pknc liers 2 (HER AP dé@&fegécﬁe@@ﬁ%gﬁgﬁ) ROtkrepeCi fi ed

code book and then 1ts I ndex may nthis | mrent, However,

the quanti zatd@icidd¢onfeddves tlﬁ@éﬁééﬂ:hoéndoﬂér Di %e%tﬁﬂr@@@catfdfrpﬂéﬂéé on is
not limted to the above. [0088] The hi gh frequency band coded

sequence consgffthetspeachiBhtoddt I eweiwss $feech giath] 30 el avededfyorhnher mat i on
for high frequency band 25generation and the quantized tine envel ope

i nfor mhti on foutridetemdomtptiszacoded sndtopliered biti tream tmithecontsideuct s a hi gh
frequency baq%076]

As shown in Fig. 3, the speech encoder 2 functionally includes a
down-sampling unit (down-sampling means) 2a, a low frequency band
encoding unit (low frequency band encoding means) 2b, a band splitting

10 filter bank unit (frequency transformation means) 2c, a supplementary
information for high frequency band generation calculation unit
(supplementary information calculation means) 2d, first to n-th (n is an
integer of two or more) low frequency band time envelope calculation
units (low frequency band time envelope calculation means) 2¢, to 2e,,

15 a time envelope information calculation unit (time envelope information
calculation means) 2f, a quantization/encoding unit (quantization and
encoding means) 2g, a high frequency band coded sequence
construction unit (coded sequence construction means) 2h, and a
multiplexing unit (multiplexing means) 2i. The respective units of the

20 speech encoder 2 shown in Fig. 3 are functional units that are realized
by the CPU of the speech encoder 2 executing a computer program
stored in the internal memory of the speech encoder 2. The CPU of the
speech encoder 2 executes the computer program (uses the functional
units of Fig. 3) to sequentially execute the process shown in the

25 flowchart of Fig. 4 (the process of Steps S11 to S20). It is assumed that

various data required for execution of the computer program and
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coded sequence contai ning those. [0089] The nmultiplexing unit 2
receives the | ow frequency band coded sequence fromthe | ow frequency band
encodi ng unit 2b and receives 5 the high frequency band coded sequence
fromthe high frequency band coded sequence construction unit 2h,

mul ti pl exes those two coded sequences to generate a coded sequence and

out puts the generated coded sequence. [0090] 10Hereinafter, the operation
of the speech encoder 2 is described and the speech encoding nmethod in the
speech encoder 2 is also described in detail with reference to Fig. 4.

055, 1 o A A S A A A,
the entire ! rESENRYRR inbS SBRhRONP LA AL dAv¥ie Rl Byt 22

processes an externa eech "Signal "an uires down-sanpl ed
time domain signal (Step S12). Then, the I ow frequency band encoding unit
2b encodes the down-sanpled tinme domain signal 20and obtains the | ow
frequency bamgo¢pped sequence (Step S13). [0092] Further, the
suppl ementary i nfoormati on for high frequency band generation cal cul ati on
unit 231 anal yzes t Thefdmoansamplogmanit 25 gradess) an exaaraal igritfsigmalt he band
splitting filter bank unit 2c and cal cul ates 25the suppl enmentary
i nformation fthat s gecéiveduthroyglvathd genamunicationodérece of the speech
encoder 2 and obtains a down-sampled time domain signal in the low
frequency band. The low frequency band encoding unit 2b encodes the
down-sampled time domain signal and obtains a low frequency band
10 coded sequence. The encoding in the low frequency band encoding unit
2b may be based on a speech coding method such as CELP, or based on
transform coding such as AAC or audio coding such as TCX. Further, it
may be based on PCM coding. Furthermore, it may be based on a
method that uses those coding methods switchably. In this embodiment,
15 a method of coding is not particularly limited.
[0078]
The band splitting filter bank unit 2c analyzes an external input
signal that is received through the communication device of the speech
encoder 2 and fransforms it info a signal X(j,i) in the entire frequency
20 bands in the frequency domain, where j is an index in the frequency
direction, i is an index in the time direction.
[0079]
The supplementary information for high frequency band
generation calculation unit 2d receives the frequency domain signal

25 X(j,i) from the band splitting filter bank unit 2¢ and calculates, based on

analysis of the power, signal variations, tonality and the like of the high
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used when generating high frequency band signal conmponents (Step S14).
Then, the first to n-th low frequency band tinme envel ope cal culation units
2el to 2e" calculate a plurality of |ow frequency band time envel opes
L(k,i) based on the |ow frequency band signal X(j,i) (Step S15). After
that, the tinme envelope information calculation unit 2f 5 cal cul ates,
based on the high frequency band signal X(j,i) and the plurality of |ow
frequency band tine envelopes L(k,i), the tinme envel ope infornmation
required for acquiring the tine envel ope of high frequency band conponents

St 2o sl ol T e AP HETERA, >
i i j i S17).
C0003 T 2 Ve BAIdIR ko (e WREAE, RERAHGY PRNCAEGIEIA) ARA Sl B
unit 2h consty, &énl?sefﬂahgfb\ir qﬂﬁgﬁwg?ﬁﬂgg@g@ggﬁ%fg@ce containing 15

t he coded suppl enentary 1 nfor nat fre ncy band generation and
the quantizeqopgop envel ope information (Step S18). Then, the nultiplexing
unit 2i generates the coded sequence by nultiplexing the | ow frequency band
coded Sequence and Theefitst gb r-tledpentyquears bodetinkeeuesiope @altutatiqqut s t he
generated coded 20sequence (Step S19).. [0094% ~ According to the speech
decoder 1, thmiedndiondenetlowldtoon rlhlitye oddlifigrant dgnerenselpes mfdosbove, t he
| ow frequency_ band si is obtained fromthe coded sequence

demul ti pl exi rfgewcmggﬁ FOMROTENSt FRspsehbysBmdpeaiical i 6hﬁd{1ﬂgyr101“br hi gh
Frequency bang genet ot on and L1 L T SN EhoRe 3L LB Rk egt) 2 ned
low frequency band signal X(j,i) {0<j<k,, t(s)<i<t(s+1), 0<s<sg} from
10 the band splitting filter bank unit 2c¢ and calculates the k-th time
envelope L(k,i) {t(s)<i<t(s+1), 0<s<sg} in the low frequency band in
accordance with the above-described calculation method of the time
envelope Lge(k,i) of the k-th low frequency band time envelope
calculation unit 1f; (1<k<n) of the speech decoder 1 described above.
15 [0081]
The time envelope information calculation unit 2f receives the
high frequency band signal X(j,i) {k,<j<N, t(s)<i<t(s+1), 0<s<sg} from
the band splitting filter bank unit 2¢ and receives the time envelope
L(k,i) {t(s)<i<t(st1), 0<s<sg} from the k-th low frequency band time
20 envelope calculation unit 2e; (1<k<n), and calculates time envelope
information required for acquiring the time envelope of high frequency
band components of the signal X(j,i). The time envelope information is
information that can construct the approximation of a reference time
envelope in the high frequency band when the time envelope Lge(k,i) is
25 given on the speech decoder 1 side described above.

[0082]
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derul ti pl exi ng, decodi ng and dequanti zati on. Then, the high frequency band
conponent Xdece,i) in the frequency domain is generated fromthe | ow
frequency band signal Xdece,i) transforned into the frequency domai n using
t he supplenentary information for high frequency band 5 generation, and,
on the other hand, after acquiring a plurality of |low frequency band tine
envel opes Ldec(k,i) by analyzing the | ow frequency band signal Xdec(j,i) in
the frequency domai n, the high frequency band tine envel ope ET(1,i) is

cal cul ated using the plurality of Iom1frequency band ti ne envel opes
Ldec(k,i) and the tine_enyelo for *on 10 Furth t he .ti ne envel ope

of the high frequeRB§CibicalY:cGAlY, he; fimes epyp eHﬂPFnPHQHC§IcuIated
hi gh frequenc and t| nve ET 1.0 e ad ust e requency
band conponeﬁitg’ d ‘¥%éﬁ@ﬁné}fBSﬁ%“§ﬁaﬁb?p8?%@ &%gﬁ%ngg? Rer ~and
thereby the t ?ﬁﬂﬂi is output. In this manner, because a
plurality of reqé&xﬁg%%®5 band ti ne envel opes Ldec(k,i) are used for
adj ust nent othggnéﬁgg envel ope of the high frequency band conponent

wa

XH(j,i), the eform f the tine envel ope of the high frequency band
conponent is adjusted with hlgh accuracy, by use of the correlation between

the tinme envelgqpe Zf OM/freque cy ban ents and the tine envel ope of
hi gh 20frequ 6 5 EE Fﬁft time envelope in the
decoded si gnal |s adjuste orted shape, and therefore a
reproduced signal with Iess pre dbho aﬁd post echo can be obtained. [0095]

Furt her, accordlng to t he speech encoder , t he encodi ng net hod 25or the
encodlng prog a Z ed above f 3 requency band signal is obtained
by down-sanpl gEF an 3@ Iom1 frequency band signal is

encoded and, on t he other hand a pIurallty of time envel opes L(k,i) of |ow
frequency band conponents are caIcuIated based on the speech signal X(j,i)
in the frequ domai n, and, the Line nvel formation for acquiring

t he tiﬁe envéf&éd gh ﬁ(edhéﬁdy<5 'Eh éﬁhﬁ‘(SS%alculated usi ng
the plurality of tine envelopes L(k,1) of Iom1frequency band conmponents.
Further, the gaRPLWHERNhRrpsfdrBhEE MRtd @ﬁvél@@e hh 3he HRQUENLY, gRrper at ion

for generatlng hi gh frequency band conponents fromt guency band
signal is caltgmdalfaie h@gﬁifreqﬁéleéc?' bined wmgsmmcﬁayﬂ(hpqrt@gm(smw hi gh
frequency 10 band generation and the time envel ope information are

quanti zed andhenﬁﬁdedcethﬁmhegheknquthy1bamﬂcnbdﬂﬂlgeqhenﬁﬂknmh@pining

t he suppl ementary information for high frequency band generation and the

ti me envel opequatiohnati on is constructed. Then, the coded sequence in which

the | ow frequency band. coded sequence and the h| h frequenc
10 q[Equ%ll‘tlon34] g g g y

H(l,i)=10log, E, (1,1),
ky=Ey (), k=F,(+1)-1,
t(s)<i<t(s+1), 0<s<s,

or by the following equation.

[Equation 35]
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15 band coded sequence are nmultiplexed is generated. Accordingly, when the
coded sequence is input to the speech decoder 1, a plurality of | ow
frequency band tine envel opes can be used for adjustnent of the tine

envel ope of high frequency band conponents on the speech decoder 1 side,
and the waveformof the tinme envel ope of high frequency band 20 conponents
is thereby adjusted with high accuracy by use of the correl ati on between
the tinme envel ope of | ow frequency band conponents and the tine envel ope of
hi gh frequency band conmponents on the speech decoder 1 side. As a result,
the tine envel i.n the_ decoded signal is adjusted into a |ess distorted
shape, and th}ﬁ&ﬁba%:;_i%g{ﬁhaayced signal with |l ess pre-echo and post-echo
can be obtained on the decoder side. [0096] [First Alternative Exanple of
Speech Decoder According to First Enbodi nent] [0097] 5Fig. 5 is a diagram
showi ng a configuration of a principal part related to envel ope cal cul ation

inafirst alkeraaffi'v [?xanﬁ e=of"t (i & ] decoder 1 according to the
first enbodi nerit, n@{Fb 6'is af{l(owch rt showing a procedure of envel ope

cal cul ation by the speech decoder 1 shown in Fig. 5. 10[0098] The
speech decoder 1 shown in Fig. 5 includes a tinme envel ope cal cul ation

control unit § ; | cy) &L ntrol means) |k in addition to
t@sﬁ);%med(lgp%lgﬁ () alisor 0

the | ow freque and tine vel ope cal cél ation units to If" and the tine
envel ope calculation unit Ig. The tine envel ope 15 cal culation control
unit 1k receil®883k 1 ow frequency band signal fromthe band splitting filter

rame (Step 531, IWCCHRbaTEL REres) ORar ot IpBGan BF bR FodiFRGhuency
P g\r,lvd ¢ f'egﬂgln C;’)@afgxgl nﬁagﬁ%ﬁ%l{thﬁ%dtﬂy 5§rqgllrl'gin(g8§pee%it§g’cf })roc\é\@selﬂgt(?oer @x%mn%le?f the
5 smoothing) on H(l,1), like the time envelope in the low frequency band
described above. Further, the reference time envelope in the high
frequency band is not necessarily calculated by the above calculation
method as long as it is a parameter representing the time-variation of the
signal power or the signal amplitude of the high frequency band signal.
10 When the approximation of the reference time envelope H(l,i} by the
time envelope L(k,i) is represented as g(l,i), the form of g(l,i} conforms
to the form gye(l,i) in the speech decoder 1. The time envelope L(k,i)
corresponds to the time envelope Lg..(k,i) on the speech decoder 1 side.
[0084]
15 For example, the time envelope information can be calculated
by defining an error of the above g(l,i) with respect to the reference time
envelope H(l,i)) and calculating g(l,i) that minimizes the error.
Specifically, it can be calculated by treating the error as a function of the
time envelope information and finding the time envelope information

20 that gives the minimum value of the error. The calculation of the time

envelope information may be performed numerically or may be
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20 is not larger than the specified threshold (NOin Step S32), the tinme
envel ope cal cul ation control unit |k outputs a |ow frequency band tine
envel ope cal cul ation control signal to the |low frequency band time envel ope
calculation units ifl to Ifn and outputs a tine envel ope cal cul ati on
control signal to the tinme envel ope calculation unit I g so 25that tine
envel ope calculation is not perforned in the | ow frequency band tine

envel ope calculation units 1 fi to If" and the tine envel ope cal cul ation
unit Ilg. In this case, the tine envel ope of the high frequency band signal
is sent to thehg®%d zénthesis fjliﬁﬁ b%nk unit 1j w thout being adjusted
based on the®4 cq&sHE pagmerical B¥dne (for exanple, in the above
Equati on 29, 5§g3i) is replaced with EcurrOn>ip, and the 5foll ow ng

equati on: [E&u ﬁbn 39] Gmi)= Q1,0 1+ Qmi) 1is used in place of the

above Equat i on 30) ToepoiGhecifll iR RbNEH HiPdhvertian) Wih RRPEG @f the | ow

frequency band signal 1s er than the 10 specifi he tinme

envel ope cal ¢hé aéfePéhceCfiideOén¥lbpe 11, Pyt Be @alcatitbd efuaRCTo RAdislgt | e
envel ope cal cul ation control signal to thé |ow frequenCy band tinme envel ope

cal culdation wguadonfl to |fn and outputs a time envel ope cal cul ation
control signal to the time envel ope calculation unit I g so that tine
envel ope cal dEnatiom3b$ perforned in the

#(s+1)=1
error = Z (H(l;i) - g(lai))za
i=t(s)

1</<n,, 0<s<s;

Further, the error may be calculated as a weighted error using the

following equation:

10 [Equation 37]
t(s+1)-1
error = Zw(i)(H(l,i) - g(lai))z )
i=t(s)

1<i<n,, 0<s<s,

Furthermore, the error may be calculated by the following equation:
[Equation 38]

n t(s+1)-1
error = Z Z W(l,i)(H(lai) - g(lai))za

I=1 i=t(s)

0<s<s;
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15 I ow frequency band tinme envel ope calculation units 1 fl to 1 fn and the
time envelope calculation unit Ig. In this case, the high frequency band
signal whose tinme envelope is adjusted by the tinme envel ope adjustnent unit
li based on the above-described tinme envelope is sent to the band synthesis
filter bank unit 1j. 20[0099] Referring to Fig. 6, in the first
alternative exanpl e of the speech decoder 1, the envel ope cal cul ation
process shown in Steps S31 to S36 is executed in place of the process in
Steps SO7 to S09 of the speech decoder 1 according to the first enbodi nent

hown in Fig..2.  [0100], . | fi | i | e of th

Specoh decode e SR ) e b S 49,8 Veabt UG8 ks R RRE ey “bana
ignal is | -nat f i f ' P the high
51 Poquency baRasi ghd et it i 8 eSS AT PR e o (o°
reduce the anpififedols 4 WBhAHR Varied With the time Mick f BRd thd ErehuFcyenvel ope

2 {e fgﬁ&
cal cul ation control unit g!} may cal cul ate the power of a part correspondi ng

to the first jh@en-It INdt@Whal Gnf fhegeaiodiRei thenRranvelthoesrdradnditad ed by
the first to n-th | ow frequency band tine envel ope calculation units If to

| f, oufput t hformosf theesaecight yrebastparticwlagipiahitpé te theabatd @ampletr ol  si gnal
based on a result of conparing the cal cul ated power corresponding to the
first to n-tH008G]frequency band tine envel opes with a specified threshold
and 15t hereby control whether or not to skip the processing of the first to
n-th | ow frequency Tﬂmwaumwtwmwpl@lg:am@mgatne@nwl@mtthg timet envelepe [ 0102]

information from the time envelope information calculation unit 2f and
then quantizes and encodes the time envelope information, and receives
10 the supplementary information for high frequency band generation from
the supplementary information for high frequency band generation
calculation unit 2d and then encodes the supplementary information for
high frequency band generation.
[0087]
15 As a quantization and encoding method of the time envelope
information, when the information is in the form of the coefficient
Aji(s), for example, Ajx(s) may be scalar-quantized and then
entropy-coded. Further, A (s) may be vector-quantized using a
specified code book and then its index may be coded. In this
20 embodiment, however, the quantization and encoding method of the
time envelope information is not limited to the above.
[0088]
The high frequency band coded sequence construction unit 2h
receives the coded supplementary information for high frequency band
25 generation and the quantized time envelope information from the

quantization/encoding unit 2g and constructs a high frequency band
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In this case, when the tinme envel ope cal culation control unit 1k makes
control to skip the processing by all of the first to n-th low 20
frequency band tine envelope calculation units 1 fi to Ifn, it outputs the
time envel ope cal culation control signal to the tine envel ope cal cul ation
unit Ig so as to skip the tinme envel ope cal cul ati on process. On the ot her
hand, when the tinme envel ope cal culation control unit |k nakes control so
that at | east one of the first to n-th |ow frequency band tinme envel ope
25cal culation units 1 fl to 1f" perforns the | ow frequency band tine

envel ope cal Culd?@E?ﬂ%eof{cfgf?éﬁz?mt{%%(ugggm s the tine envel ope cal cul ation

control si gngP alculation unit 1 g so as to perform
the tine env cal cul ati on process. [0103] [ Second Alternative
Exanpl e of Speech Decoder According to First 5Enbodi ment] [0104] Fi g.

7 is a di agram shoynggna]tipReiihgWndt 200 cefved tRE iléwifPé’due%?tbahﬁ'ﬁdeﬂg to
envel ope calculation in a second alternative exanpl e of the speech decoder

1 according keqidireef froat temhewli fi@piencgrishrid encdiling uitl 06! i hsetveshowi ng a
procedure of envel ope cal cul ati on perforned by the speech decoder 1 shown

in Figd 7. [6HDhjgh frequedyebape eotded seqance ifrsinothie high Areueticy rrainddes a
time envel ope cal culation control unit (time envel ope cal cul ati on control
means) | mincoded sequence construction unit 2h, multiplexes those two coded
sequences to generate a coded sequence and outputs the generated
coded sequence.
[0090]
10 Hereinafter, the operation of the speech encoder 2 is described
and the speech encoding method in the speech encoder 2 is also
described in detail with reference to Fig. 4.
[0091]
First, the band splitting filter bank unit 2c¢ analyzes an input
15 speech signal and thereby acquires the frequency domain signal X(j,i) in
the entire frequency bands (Step S11). Next, the down-sampling unit 2a
processes an external input speech signal and acquires the
down-sampled time domain signal (Step S12). Then, the low frequency
band encoding unit 2b encodes the down-sampled time domain signal
20 and obtains the low frequency band coded sequence (Step S13).
[0092]
Further, the supplementary information for high frequency band
generation calculation unit 2d analyzes the frequency domain signal
X(j,i) acquired from the band splitting filter bank unit 2¢ and calculates
25 the supplementary information for high frequency band generation to be

used when generating high frequency band signal components (Step
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15 addition to the | ow frequency band tine envel ope cal culation units If;
to 1 fn and the tinme envel ope calculation unit I g. The tinme envel ope
calculation control unit Imoutputs a | ow frequency band time envel ope

cal culation control signal to the first to n-th |ow frequency band tine
envel ope calculation units ifl to |fr, based on the tinme envel ope 20
information received fromthe coded sequence decodi ng/ dequanti zation unit
| e and controls execution of the | ow frequency band ti nme envel ope
calculation in the first to n-th | ow frequency band tine envel ope

cal ul att on Wi iy 9ol i RAO8In 2850 AEa38ES) Yo, it RTINS,
process |1 SERgBidn WIS SO LS dhyforXeheticq i ugfpl aces

first enbodi Ak &RRMHdsNLEK, 9 bdsed BAOHE ﬁwq}e%dgﬂ;éytlbdfﬁi" Q{gglﬁ(l)‘)%{%ti)ep s41)

cal culation control unit Imsets a count 5 val ‘tount

Next, the tinStgngebppefientioy) theitbne @antlopk idfbrndtiordedlenktioaunthzf her a
coefficient ALcount+l(s) contained in the time envel ope information

recei veéd fromalhdatesdddssdqrernhe kighottiequéncledaadt sizatl (jlihiandliéhé s 0 or
not (Step 842).03&.0108¥ 10As a result of the determ nation, when the
coefficient Alumitysptilow frequencysthandssime emeclopes lethvid) dbe timeul ati on
control unit 1m g)ut puts a | .ow fre,qudency band ti ne envel ope cal gﬂl ation
control si gn@NvelpRechBfernAtion eqemed felaehidyingng tmngenyvslaneopthigh cul ati on
unit | feount so that the | ow frequen band tijre.envel ape..calculation in
Lhe | ow 15 (TGRS, OHihBOTPABCRINE Hises AL G DHoBr (O} A66HndS 5 not
perfornmed and, then pr . 1O 4.. e I 40 nit is
determ ned t hcg{an?]ﬁgﬁglgféﬁ? ﬁg(iﬁngnqlﬁhﬁgocﬁfﬁnpfz%flh?senﬁéagﬁ)ﬁte%%m’l Wq%ll%é)e $42),
the ti env i t ol i e cy band
time %%el Opghig@ﬁ%ﬁgﬂ‘%ﬁf c‘%ﬁtorag? E@gﬁgﬁbteéﬁ%%ﬁggﬁ?{@iﬁwoﬁrg ency band
20 tine envelﬁsﬁgmql@ Qjahatgéﬁ@rétmrfﬁgté gyny so that the | ow frequency band
time envelope calculfationin the I ow fregquency band tine envel ope

cal cul ation ygpd3]fccunt is performed. The | ow frequency band time envel ope

is thereby cal culated by the | ow frequency band time envel ope cal cul ati on
unit |f Further, the high frequency band coded sequence construction

unit 2h constructs the high frequency band coded sequence containing
15 the coded supplementary information for high frequency band

generation and the quantized time envelope information (Step S18).

Then, the multiplexing unit 2i generates the coded sequence by

multiplexing the low frequency band coded sequence and the high

frequency band coded sequence and outputs the generated coded
20 sequence (Step S19).

[0094]

According to the speech decoder 1, the decoding method or the
decoding program described above, the low frequency band signal is
obtained from the coded sequence by demultiplexing and decoding, and

25 the supplementary information for high frequency band generation and

the time envelope information are obtained from the coded sequence by
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-count (Step $43). 25[0109] Further, the tine envel ope cal cul ation control
unit 1 m increnments the count value "count” by 1 (Step $S44), and then
conpares the count value "count”™ with the nunber n of the | ow frequency
band ti ne envel ope calculation units ifl to 1fn (Step S45). Wen the count
value "count" is smaller than the nunber n (YES in Step S45), the 5 process
returns to Step S42 and repeats the determ nation for the next coefficient
At count (s) contained in the tine envel ope information. On the other hand,
when the count value "count” is equal to or larger than the nunber n (NOin

cal culat on CERRDGPRATE BERIRR: AR SRS iRrndy e PESLETHRUERACY ban
i e onvel opg ha REHREXRIPEH) B REGUner BafilTR G A FMAEY o7 e

deter mi nat [ oownhieguEey 19! SRAMEIRY. (PRNdrdnsfBnRAY ShieP he Akyledichon 15 not

performed in any of the | ow frequency band tinme envel ope cal culation units

1 fi to 1fn dddin JSimp tied Shppleheentanyeintormatieh doe higt drdgakhoy baadt rol  uni t
Im outputs the time envel ope cal culation control signal to the tine

envel dpe cal gehetation, anid; ohgthsoother thandkiafiter rrequirine anplelrality cfilewl at i on
process. In this case, Step S49 is perforpmed in place of Step S47 to S48
and then t hefiaqueney bpnd tieee snvelopespekal) tm gnalygingdne dow foequgnciiand, when
he w1 eapery Sen L S0yenyelche Aol en, it BeLleim iy one o
N GRIE I R T W RN N
TR AR G N A N
DI 6 KRRl shEnalvlof 400 i RENRY SEREhARORE e
deggt S;gﬂglﬂ ggmgﬁa?@gif]@%% BS thi BRIRMYEH HIgh I RIABY ibafd AthéicAfelopeom t he
E1(L,i), and the adjusted high frequency band component and the low
frequency band signal are added together and thereby the time domain
signal is output. In this manner, because a plurality of low frequency
15 band time envelopes Lye(k,i) are used for adjustment of the time
envelope of the high frequency band component Xj(j,i), the waveform
of the time envelope of the high frequency band component is adjusted
with high accuracy by use of the correlation between the time envelope
of low frequency band components and the time envelope of high
20 frequency band components. As a result, the time envelope in the
decoded signal is adjusted into a less distorted shape, and therefore a
reproduced signal with less pre-echo and post-echo can be obtained.
[0095]
Further, according to the speech encoder 2, the encoding method

25 or the encoding program described above, the low frequency band

signal is obtained by down-sampling of a speech signal, and the low
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5process in Steps SO7 to SO8 can be skipped to reduce the anmount of
conputation. [0111] [Third Alternative Exanpl e of Speech Decoder According
to First Enbodi nent] 10[0112] Fig. 9 is a diagramshowi ng a
configuration of a principal part related to envel ope cal cul ati on accordi ng
to athird alternative exanple of the speech decoder 1 according-to the
first enbodinent, and Fig. 10 is a flowhart show ng a procedure of

envel ope cal cul ation by the 15speech decoder 1 shown in Fig. 9. [0113]

The speech decoder 1 shown in Fig. 9 includes a tine envel ope cal cul ati on

o ST AT TN L TR BOAR DS 0
Lhe L1 envelpe calpul i oMby Al I aSoRe elauale

the coded Seq}b@@&%nathé"s;béééh Ei_gintal N{i,i)_‘ in ﬂl@iﬁecﬂie&lﬁfrﬁﬁﬁﬁé’lﬁ, ardAke Bmd he tine
envel ope cal cul ation control infornmation describes whether or not to

per form t he ténvelspevielfopeatial forl aquiringties ik énvdlbge sbhighnfreqiiasy decodi ng

and dequanti zation are needed for reading the description of the tine

envel ope cal dundt componemtsols caltolatet iusing thee pluatied ofegmenervelepesdi ng/

dequantization unit |le perfornms decodi ng and dequantization. Further, the

time envel opd-(ka) ol lay drequeney dlandn¢ampeanerss ek withes thisupplenagntant t o
erformthe tine envel gpe ¢al cul ati on process in the frame by referring to

ItO he tine envépﬁg‘glaéié]nc pI'athiCI; requency gandC generation ?‘or generat%lg hIg% J

frequency band components from the low frequency band signal is
calculated, and, after the supplementary information for high frequency
10 band generation and the time envelope information are quantized and
encoded, the high frequency band coded sequence containing the
supplementary information for high frequency band generation and the
time envelope information is constructed. Then, the coded sequence in
which the low frequency band coded sequence and the high frequency
15 band coded sequence are multiplexed is generated. Accordingly, when
the coded sequence is input to the speech decoder 1, a plurality of low
frequency band time envelopes can be used for adjustment of the time
envelope of high frequency band components on the speech decoder 1
side, and the waveform of the time envelope of high frequency band
20 components is thereby adjusted with high accuracy by use of the
correlation between the time envelope of low frequency band
components and the time envelope of high frequency band components
on the speech decoder 1 side. As a result, the time envelope in the
decoded signal is adjusted into a less distorted shape, and therefore a
25 reproduced signal with less pre-echo and post-echo can be obtained on

the decoder side.
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5 control information. Wen the tine envel ope calculation control unit in
determ nes not to performthe tine envel ope cal cul ation process, it outputs
a |l ow frequency band tine envel ope cal cul ation control signal to the | ow
frequency band tine envel ope calculation units If, to if and outputs a tine
envel ope cal culation control signal to the tine envelope 10 calculation
unit I g so that the tine envel ope cal culation process is not perforned in
the |l ow frequency band tinme envel ope calculation units If, to Ifr, and the
time envelope calculation unit Ig. In this case, the high frequency band
signal is SeEQQééﬁthe band synthesis filter bank unit |j w thout adjustnent
of its tine el‘ope based on the above-described 15 tine envel ope. On the

other hand, ag& tAferhhlife CRXANORE S2pledl | BBcGRR! Mlcollihb 1d! Kigdier m nes
to performthe tine envel ope calculation process, it outpufs a low
frequency bamghbbdighegifyel ope cal culation control signal to the |ow
frequency band tine envelope calculation units Ifi to It, and outputs a
tinme envel opgo@edicul ati on control signal to the 20 tinme envel ope
calculation unit 1g so that the tine envel ope cal cul ation process is
perforfred in the |Big.fy egaehagrabashowime acrordigupatiaralof d ptincipalipatts | f, to
if and the time envel ope calculation unit 1g. In this case, the high
frequency bamelatidgialenvelepnrcalcalatinn haral foghaliemativei exanpleaok teit ||
after its time envelope is adjusted in the tine envel ope 2]%%? ust ment unit
li. [0114] speech demdeeérhaﬁfsorfcﬁngitg. th}?oﬁfﬁtrﬁrﬂh@&mﬁﬂwaﬁdt ndt iv@ exanpl e

of the speech, degoder, 1,.the envel ope cal cul atio rocess |,n Steps S51 to
S54 is execut (ﬁﬁrbﬁlé‘?:‘é“% atl?fé’cﬁ‘il‘(‘)rgeggeBYéiQP'éﬁ??%g"’}’t“?rb%go eOFPG'qug speech
decoder 1 acc@r.din i enbodi nent shown in Fig. 2. 5[0115]

In the thi rd%gf:?%?rg]a%l??/‘&gi]}? Is§é of the speech decoder 1 described above

al S0, 14 he prig@{? in Steps SO7 to SO08 can be skipped based on the control
i nfornmation rom]t he encoder to thereby reduce the anmount of conputation.

L0[0116] [Fourth ArhetspatilyaeRel shithn 3 FaENs BRIGEES aAfReteivBmpEo Fi st

Enbodi nent] [0117] Fig. 11 is a flowhart show ng a procedure of "envel ope
calculation control unit (time envelope calculation control means) 1k in

addition to the low frequency band time envelope calculation units 1f)
to 1f, and the time envelope calculation unit 1g. The time envelope
15 calculation control unit 1k receives a low frequency band signal from
the band splitting filter bank unit 1c, calculates the power of the low
frequency band signal in the frame (Step S31), énd compares the
calculated power of the low frequency band signal with a specified
threshold (Step $32). When the power of the low frequency band signal
20 is not larger than the specified threshold (NO in Step S32), the time
envelope calculation control unit 1k outputs a low frequency band time
envelope calculation control signal to the low frequency band time
envelope calculation units 1f; to 1f, and outputs a time envelope
calculation control signal to the time envelope calculation unit 1g so
25 that time envelope calculation is not performed in the low frequency

band time envelope calculation units 1f; to 1f; and the time envelope
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15 calcul ation perforned by a fourth alternative exanple of the speech
decoder 1 according to the first enbodi nent. Note that the configuration of
the fourth alternative exanple of the speech decoder 1 is the sane as that
shown in Fig. 9. [0118] 20In the fourth alternative exanple, the envel ope
cal culation process in Steps S61 to S64 shown in Fig. 11 is executed in

pl ace of the process in Steps SO07 to S09 of the speech decoder 1 according
to the first enbodi nent shown in Fig. 2. [0119] 25Specifically, the tine
envel ope cal cul ation control information describes the |ow frequency band

time envel op for ti I i [ anong
the first to R aHaRaltiR G dnth S ast e BRE T e R Bl BSGurAd B
dequanti zati %ﬂrsﬁ‘%ﬁ%ﬁqg%éntf f8/thE BARURYnt '%fdﬁﬁéf batik @it 9§ withouk bRRenvel ope
cal cul ation controf I nformation, the“coded sequence decodi ng/

dequanti zat i erljimied Haged onPeief sV -deeibicd dime cerfleivinn{iof alxagiple,TiieN, the
time envel ope calculation control unit in selects, based on the tine

envel ope cal ¢héasbove Eopuiatioh 29 Gi(npi)i tnreplheed ovith rEguEng)), kaddtlid me

envel ope to be used for the tinme envel ope cal culation process in the frane
(Step $61). Hojlowdng equation:Then, the tinme envel ope cal cul ation control unit
in outputs the | ow frequency band tinme envel ope cal cul ation control signal
to the first[EGUﬁU9h393M/frequency band tinme envel ope cal culation units I|f;
tolc It is thereby controlled so that the | ow frequency band tinme envel ope
is 15 calcul ated by the Iotgghﬁqa?ncy band ti ne envel ope cal cul ati on unit
lf, to if cor@?f i ng tjo oW frequency band tine envelope that is
selected in the CEE Iig%; agﬂkthe | ow frequency band tinme envel ope
is not calculated by theyl EF@H% y band tinme envel ope cal culation unit
If to if corresponding to the | ow frequency band tinme 20envel opes that is

not sel ect ed ik Rstdfn BRRYGIIRL 865VOBGLRER 35§ Wtep $36). On the other hand,

when the power of the low frequency band signal is larger than the

10 specified threshold, the time envelope calculation control unit 1k
outputs a low frequency band time envelope calculation control signal
to the low frequency band time envelope calculation units 1, to 1f, and
outputs a time envelope calculation control signal to the time envelope
calculation unit 1g so that time envelope calculation is performed in the

15 low frequency band time envelope calculation units 1f| to 1f, and the
time envelope calculation unit 1g. In this case, the high frequency band
signal whose time envelope is adjusted by the time envelope adjustment
unit 1i based on the above-described time envelope is sent to the band
synthesis filter bank unit 1j.

20 [0099]

Referring to Fig. 6, in the first alternative example of the speech
decoder 1, the envelope calculation process shown in Steps S31 to S36
is executed in place of the process in Steps S07 to S09 of the speech

decoder 1 according to the first embodiment shown in Fig. 2.
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[0121] After that, the tinme envel ope cal culation control unit in
outputs the tine envel ope cal culation control signal to the tine envel ope
calculation unit Ig so that the tine envelope is cal culated using only the
25sel ected | ow frequency band tinme envel ope (Step S63). Further, the tine
envel ope adjustnent unit |i adjusts, using the calculated tine envel ope,
the time envel ope of the high frequency band signal generated in the high
frequency band generation unit |h (Step S64). [0122] Further, when any of
t he Iom1frequency band time envelope is 5 not selected in the above

sel ecti on, P§o1S62 to S63 nmay be skipped, and the high frequency band

si gnal may b sedt to the band synthesis filter bank unit W t hout

adj ustment of its e Shint o] b envel ope
(Step S36 in Fig. hg %FO%% Oﬁ%ﬁﬁﬁﬁ fourélﬁ g?t g&ngs?%\elgheggcrrpege})f t he

speech decoddesdrisirb aboRegdvBa® the Pos@r dhthePloNe & ubﬂcﬁttﬁﬁa altig SO08 can
be ski pped based on the control information from e encoder To reduce the

amount of corpwt atd arot hée24dr Talduldtidn Alft thenanio enkxlope! of dhie Spighch
Decoder According to First
5 frequency band signal, the process in Steps S07 to S08 can be skipped
to reduce the amount of computation.
[0101]
Note that the time envelope calculation control unit 1k may
calculate the power of a part corresponding to the first to n-th low
10 frequency band time envelopes calculated by the first to n-th low
frequency band time envelope calculation units 1f) to 1f,, output the low
frequency band time envelope calculation control signal based on a
result of comparing the calculated power corresponding to the first to
n-th low frequency band time envelopes with a specified threshold and
15 thereby control whether or not to skip the processing of the first to n-th
low frequency band time envelope calculation units 1f; to 1f,.
[0102]
In this case, when the time envelope calculation control unit 1k
makes control to skip the processing by all of the first to n-th low
20 frequency band time envelope calculation units 1f; to 11, it outputs the
time envelope calculation control signal to the time envelope calculation
unit 1g so as to skip the time envelope calculation process. On the other
hand, when the time envelope calculation control unit 1k makes control
so that at least one of the first to n-th low frequency band time envelope
25 calculation units 1f; to 1f, performs the low frequency band time

envelope calculation process, it outputs the time envelope calculation
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Enbodi nent] [0125] Fig. 12 is a flowhart showi ng a procedure of

envel ope cal cul ation perforned by a fifth alternative exanple of the speech
20 decoder 1 according to the first enmbodi nent. Note that the configuration
of the fifth alternative exanple of the speech decoder 1 is the sane as
that shown in Fig. 9. [0126] In the fifth alternative exanple,

t he envel ope cal cul ation process 25in Steps S71 to S75 shown in Fig. 12 is
executed in place of the process in Steps SO07 to S09 of the speech decoder
1 according to the first enbodinment shown in Fig. 2. [0127]

ool oul &t 1 on restTR SR 4 e ERVEISDR <Rl TR LBl B AT BRI el opee
in the frane.tpg\?ﬁge gﬁgag'gggaﬁﬂqiatgﬁgwggsz_ati on are needed for reading the

description o time envel ope cal culation control information, the coded
sequence decq@ilpg] dequantization unit le perfornms decodi ng and

dequanti zati on. e calculation nethod of the first to n-th | ow frequency
band tine enV@eoped AlRserativedExamphe of i Sfectl Peved@pa ceatdingatol Birscontr ol

information may be the content related to setting of the arrays Bl and Bh
repr esént i ng Embolaneist] for exanple, and the frequency range of the
sub- band can be controll ed based on the tinme envel ope cal cul ati on control
i nformation. [PAB@4tontent related to setting of the arrays and Bh may be the
description of a S%tig.o% iis rg[g%%;zfm(slﬁ%w%lg a configuration of a principal part
relating to envelope calculation in a second alternative example of the
speech decoder 1 according to the first embodiment, and Fig. 8 is a
10 flowchart showing a procedure of envelope calculation performed by
the speech decoder 1 shown in Fig. 7.
[0105]
The speech decoder 1 shown in Fig. 7 includes a time envelope
calculation control unit (time envelope calculation control means) 1m in
15 addition to the low frequency band time envelope calculation units 1f;
to 1f, and the time envelope calculation unit 1g. The time envelope
calculation control unit 1m outputs a low frequency band time envelope
calculation control signal to the first to n-th low frequency band time
envelope calculation units 1f, to 1f, based on the time envelope
20 information received from the coded sequence decoding/ dequantization
unit le and controls execution of the low frequency band time
envelope calculation in the first to n-th low frequency band time
envelope calculation units 1f; to 11,
[0106]

25 To be specific, in the second alternative example of the speech

decoder 1, the envelope calculation process in Steps S41 to S48 shown
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15 to set the arrays Bl and Bh or the description related to selection from
a plurality of specified contents of setting of the arrays Bl and Bh. In
this alternative exanple, a nethod of describing the content related to
setting of the arrays Bl and Bi, is not particularly limted. Further, a

cal cul ation nmethod of the first to n-th |ow frequency band tinme 20

envel opes described in the tine envel ope calculation control information
may be the content related to setting of the specified processing (for
exanple, the content related to setting of the snmoothing coefficient sc(j)

d i bed ab . nd th ] i f t hi
can be.cont r b Fae BAS et THET AR E RS BE  Secsstb ERY SH o sOP
i nf tion. t . ' ' f+f i ci ent
sc(j) my b '0° SRE AEPAEEH Bortdf RFhie Al SntbmEPRqU AR FREZ © 1
snoot hi ng coq{)wy:]' ent sc(j) or may be the content related to selection of
any one of a plurality of specified snoothing coefficients sc(j). Further,

it may include theFiggahépirh@eneslope calRilftésn eontrel uhie 1P KERraTHNe
snoothing. In this alternative exanple, a nmethod 5 of describing the

contenf rel atvatug dcevnti trg (of Stelpe SdppcNekedther tioes nvgldpeocalextione,
setting of the snoothing coefficient sc(j) described above) is not

parti cul ar |y contriol soit Imadetrsmineswhathes trvog fa¢ienaAgulat{shgontagned inst t o
n-th | ow freguenqy band tine_ epnvel gpes descrjbed in the time envel ope
cal cul ation dbdttHbe envelopst iBiermajionnecgiedatiromadhe ofrdegs seqeenas above

cal cul ation thods. Note that, in this,alte ti xanpl e, a nethod of
cal cul ating ﬁsoamgéfleﬂwﬂ% O i"élﬁj%ﬁli?o @ﬂpé%rﬁ' envel opes descri bed
inthe time pmﬁrppe calculation control information is not limted to the
above descriE i as long as the content related to a nethod of cal cul ating

Lhe | o frequency Band 4 e eRKel ot ihalion 8RS HRELoctRIARIA, iy s) ) SLeP

S71, ti me envel ope cal cul ation con in determn ed on the

time envel opgs @a( Qo @ iS‘?éép &anh r e iiﬂfeoéﬁ‘@élbgé" calh@ith®! cBhtrBPunito1 mhange the
cal cul ati on nethod of the |low frequency 20 band tine envelope in the frane.

When it is dejugputs raelimdteqwn@%dwa fite @dlefopeaatalenldiinhoshtedl dibral ow
frequency band tine envel ope ( in Step S71), the first to n-th | ow

frequency bard thé neuetrthelovp freqabnay bandtimenervelopd calouldtionalmitll g, t he
first to n-th | ow frecluency band time envel opes wi thout changing the
cal cul ati on rset thatl th¢ lowefleguenns benddirny taelond welcatatmino pe thetey S73). On

t he other hand, when it js determined to._change, the cal cul ati on net hod of
the | & freqdEsmigngyipnd fime envel pe calculatlhon 91n1t 1feount 1S DOt per?ormed

and then proceeds to Step S44. On the other hand, when it is determined
that the coefficient A oun:1(s) is not 0 (YES in Step S42), the time
envelope calculation control unit 1m outputs a low frequency band time
envelope calculation control signal to the count-th low frequency band

20 time envelope calculation unit 1f.,, so that the low frequency band
time envelope calculation in the low frequency band time envelope
calculation unit 1f,,, is performed. The low frequency band time
envelope is thereby calculated by the low frequency band time envelope
calculation unit 1f,,. (Step S43).

25 [0109]

Further, the time envelope -calculation control unit Im
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time envelope (YES in Step S71), the time envel ope cal cul ation control unit
in outputs the I ow frequency band tinme envel ope cal cul ation control signal
to the first to n-th | ow frequency band tinme envel ope calculation units ifl
to if and thereby instructs the calculation method 5 of the | ow frequency
band tinme envel ope, so that the cal cul ati on nethod of the | ow frequency
band tine envelope is changed (Step S72). After that, the first to n-th | ow
frequency band tine envel ope calculation units If to if calculate the first
to n-th | ow frequency band tinme envel opes by the changed | ow frequency band

i | I n ) X i |
calcurat  on” RERfE RO AAfle «GuRPT B6l ST W theh REnidal °7 | P
| f i T [ i -
tPequency bange Rt VARG RAIALLAN MEULARRE DUT e 16w Blaldhedbahd O

the tinme enveimpendldysd oEoLlatidNt uhits A€ 151§, (Step BAFH)heVhénreheryahope
calculated in the 15°tine envel ope calculation unit |g, the tinme envel ope

of the high fvabagie'ooyntiaizsdsmatioalthgenke atueabemnt (EERI gh Stepe §4éhcyhdand
generation unit Ih (Step S75). %29] In the fifth alternative exanpl e of
t he spg2ech deguodess returad toeStepi aptaepeats $be deternuinaties dof thsSneps S07 to
S08 can be precisely controll ed based on the control information fromthe

encoder, t hercéb¥figienbding:(B) ganiaingscin thedingjcoyelapstindrmation: Qretheavel ope.
[ 0130] ixth Alternative Exanpl e qf. Speech Degoder Accaording to
st 25Embodthehb m{»owgdql} the count vaﬁ?ﬂpgomgﬁ is St 4 0% wﬁ%(ﬁ?
configuration_ of, a [Waley! el ated to envel C lation in a
sixth alter nﬂqwl%ere&m B'Pg%ﬁp&%g)s egﬁca%scwépeﬁs @’ES@Pﬁ‘% ﬁ'l?n? first

embodi ment . - e, SpSRRbIEABRtoh SN it The delbinliAE) WABEd? b TBwenve! ope

cal cul ation con
10 frequency band time envelope calculation is performed in one or more

low frequency band time envelope calculation units 1f; to 1f, (Step S46).
As a result of the determination, when the low frequency band time
envelope calculation is not performed in any of the low frequency band
time envelope calculation units 1f; to 1f, (NO in Step S46), the time
15 envelope calculation control unit 1m outputs the time envelope
calculation control signal to the time envelope calculation unit 1g so as
to skip the time envelope calculation process. In this case, Step S49 is
performed in place of Step S47 to S48 and then the process proceeds to
Step S10 (Fig. 2). On the other hand, when the low frequency band time
20 envelope calculation is performed in one or more the low frequency
band time envelope calculation units 1f; to 1f; (YES in Step S46), the
time envelope calculation unit 1g performs the time envelope
calculation process (Step S47). Then, the time envelope adjustment unit
1i performs adjustment of the time envelope of the high frequency band
25 signal (Step S48). After that, the band synthesis filter bank unit 1j

synthesizes the output signal.
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5 unit (tinme envelope calculation control nmeans) o in addition to the | ow
frequency band tine envelope calculation units ifl to 1f and the tine

envel ope calculation unit 1g. The tine envel ope cal culation control unit |o
is configured to performany one or nore of the envel ope cal cul ati on
process in the first to fifth alternative exanples of the speech decoder 1.
10[ 0132] [Seventh Alternative Exanple of Speech Decoder According to First
Enbodi ment] [0133] Fig. 14 is a flowhart showi ng a procedure of envel ope
15 cal cul ation perfornmed by a seventh alternative exanple of the speech
decoder 1 aciﬁigﬁng to the first enbodinent. Note that the configuration of
the seventh natlve exanpl e of the speech decoder 1 is the sane as the

h decod t S262 |
H o 14 Teplace s o Uy e o R e P a1 or ocess
of the speec%@@&@&?ﬁbdv@wwﬂa@qntcﬁ‘th%rétés%tls%@%mﬁﬁaatbaskeaﬂo%ﬂhe I'n

this alternative exanple, the tine envelope calculation unit I g perforns
speci fied progesshwgopprinfoessitiog aiftaibte frdrrGh¢ codedigeduzace camyf ofthigency band
time envel ope Ldee(k,1) (1<k<n, t(s)kt(s+1l), 04<sc} 25supplied fromthe | ow
frequehcy bampdocdsveinefitepk opd/ ¢@lSH8 asn de skipped Ith redudd thmdmdunttofive

envel ope information supplied fromthe coded sequence decodi ng/

dequant i zat i éemputations and then cal cul ates the tinme envel ope (processing of
Step S262). Ex?ﬂajl es of the specified processing and the calcul ation of the
time envel op ated thereto are as follows. 5[0135]

[Third Alternative Example of Speech Decoder According to First
Embodiment]
10 [0112]

Fig. 9 is a diagram showing a configuration of a principal part
related to envelope calculation according to a third alternative example
of the speech decoder 1 according to the first embodiment, and Fig. 10
is a flowchart showing a procedure of envelope calculation by the

15 speech decoder 1 shown in Fig. 9.
[0113]

The speech decoder 1 shown in Fig. 9 includes a time envelope
calculation control unit (time envelope calculation control means) 1n in
addition to the low frequency band time envelope calculation units 1f;

20 to 1f, and the time envelope calculation unit 1g. The time envelope
calculation control unit 1n receives time envelope calculation control
information from the coded sequence analysis unit 1d. In this alternative
example, the time envelope calculation control information describes
whether or not to perform the time envelope calculation process in the

25 frame. When decoding and dequantization are needed for reading the

description of the time envelope calculation control information, the
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In the first exanple, the coefficient Akk(s) in Equation 18, 21, 23 or 24
Is calculated using the tine envel ope information supplied in another form
fromthe coded sequence decodi ng/ dequantization unit |e. For exanple, the
coefficient is calculated by the follow ng equation. 10[ Equation 40] 4k=
"1k (a 1(s), a 2(s), , a N'"i(s)) O<s<sk where ak(s), k=1,2,...,Num
O<s<sgE is the tinme envel ope information supplied fromthe coded sequence
decodi ng/ dequantization unit le, and 15 11<nl4, 1<k<n is a specified
function with Num nunber of variables as argunents. After that, using the

R R S A e SO
t42]e q‘r‘lgnt Lty idv 88q it iAfioh OFLANLA GhE AHAL | el oheC@lIEtlaRbE % drtfoitunit EAuati on

In determines whether or not to perform the time envelope calculation

process in the frame by referring to the time envelope calculation

5 control information. When the time envelope calculation control unit 1n
determines not to perform the time envelope calculation process, it

outputs a low frequency band time envelope calculation control signal

to the low frequency band time envelope calculation units 1f; to 1f, and

outputs a time envelope calculation control signal to the time envelope

10 calculation unit 1g so that the time envelope calculation process is not
performed in the low frequency band time envelope calculation units 1f;

to 1f, and the time envelope calculation unit 1g. In this case, the high
frequency band signal is sent to the band synthesis filter bank unit 1j

without adjustment of its time envelope based on the above-described

15 time envelope. On the other hand, when the time envelope calculation
control unit 1n determines to perform the time envelope calculation

process, it outputs a low frequency band time envelope calculation

control signal to the low frequency band time envelope calculation units

1f; to 11, and outputs a time envelope calculation control signal to the

20 time envelope calculation unit 1g so that the time envelope calculation
process is performed in the low frequency band time envelope
calculation units 1f; to 1f; and the time envelope calculation unit 1g. In

this case, the high frequency band signal is sent to the band synthesis

filter bank unit 1j after its time envelope is adjusted in the time envelope

25 adjustment unit 1i.

[0114]
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e)(1,0=1(61() ,k L d(k, + A() ,0 +lIVe) -U (k , k=1k=1 t(s)i <t(s +1), 0 s
< sE Note that the follow ng equation: [Equation 42] 161()I,k,-g kSn 5is a
specified coefficient. [0137] Further, the above-described e(1,0 may
be a specified coefficient, or a specified function for the index I, i._ For
exanple, e(1,0 may be a function given by the foll ow ng equati on.

10[ Equation 43] g(0) (110 = Zw -t(s) t(s).i<t(s+1l), Os<sE [0138]

Then, the quantity corresponding to the left-hand side of Equation 18, 21,
23 or 24 is calculated, and the result is represented as 159(1)(1,0

{l<tenii, t0s) <l <t p3tdbing?%S HE 1018 the' Bfird 'MRrEMNR 8REmbfe of the
speech decoder 1, the envelope calculation process in Steps S51 to S54
is executed in place of the process of Steps S07 to S09 of the speech
decoder 1 according to the first embodiment shown in Fig. 2.

5 [0115]

In the third alternative example of the speech decoder 1
described above also, the process in Steps S07 to S08 can be skipped
based on the control information from the encoder to thereby reduce the
amount of computation.

10 [0116]

[Fourth Alternative Example of Speech Decoder According to First
Embodiment]
[0117]

Fig. 11 is a flowchart showing a procedure of envelope

15 calculation performed by a fourth alternative example of the speech
decoder 1 according to the first embodiment. Note that the configuration
of the fourth alternative example of the speech decoder 1 is the same as
that shown in Fig. 9.

[0118]

20 In the fourth alternative example, the envelope calculation
process in Steps S61 to S64 shown in Fig. 11 is executed in place of the
process in Steps S07 to S09 of the speech decoder 1 according to the
first embodiment shown in Fig. 2.

[0119]
25 Specifically, the time envelope calculation control information

describes the low frequency band time envelope to be used for time
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calculated by the follow ng equation, for exanple. [Equation 44] g dec ,

g(1) (1, + g() (1 0 t(s)_i<t(s+l), Os<sk [0139] Further, the tinme
envel ope may be cal cul ated by the followi ng equation. 5[Equation 45]
gdec(110 = g() (1,0 g(1) (1,0 t(s)..i<t(s+1l), O_s<sE [0140] Furt her,
the tine envel ope may be cal cul ated by the foll ow ng equati on.

46] g9(1) (1,0

10

15

20

25

envelope calculation in the frame among the first to n-th low frequency
band time envelopes. When decoding and dequantization are needed for
reading the description of the time envelope calculation control
information, the coded sequence decoding/ dequantization unit le
performs decoding and dequantization. Then, the time envelope
calculation control unit 1n selects, based on the time envelope
calculation control information, the low frequency band time envelope
to be used for the time envelope calculation process in the frame (Step
S61).

[0120]

Then, the time envelope calculation control unit 1n outputs the
low frequency band time envelope calculation control signal to the first
to n-th low frequency band time envelope calculation units 1f] to 1f;,. It
is thereby controlled so that the low frequency band time envelope is
calculated by the low frequency band time envelope calculation unit 11)
to 1f, corresponding to the low frequency band time envelope that is
selected in the above selection, and the low frequency band time
envelope is not calculated by the low frequency band time envelope
calculation unit 1f; to 1f; corresponding to the low frequency band time
envelopes that is not selected in the above selection (Step S62).

[0121]

After that, the time envelope calculation control unit 1n outputs
the time envelope calculation control signal to the time envelope
calculation unit 1g so that the time envelope is calculated using only the
selected low frequency band time envelope (Step S63). Further, the

time envelope adjustment unit 1i adjusts, using the calculated time
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1<t (s".i<t(s+1l), Os<sE [0141] When the time envel ope information
I's not supplied fromthe coded sequence decodi ng/ dequantization unit |e,
the tine envel ope 15may be cal cul ated by the follow ng equation. [Equation

47] gde, (1,i)=1 1t(s)<t(s +1), 0 s < s E pa 142] In this
alternative exanple, the formof the above-described gdec(1,0 is not
limted to the above exanple. 5[0143] Note that, in the present

i nvention, the specified processing and the cal culation of the tine
envel ope related thereto are not limted to the above exanpl es. [0144]

10Thi's al ter aLLpeEHRTRhE HR¥IdE ARRL hith ERqLO%y bird sibflabhatdiated
in the high frequency band generation unit 1h (Step S64).
[0122]
Further, when any of the low frequency band time envelope is
5 not selected in the above selection, Steps S62 to S63 may be skipped,
and the high frequency band signal may be sent to the band synthesis
filter bank unit 1j without adjustment of its time envelope based on the
above-described time envelope (Step S36 in Fig. 6).
[0123]

10 In the fourth alternative example of the speech decoder 1
described above also, the process in Steps S07 to S08 can be skipped
based on the control information from the encoder to reduce the
amount of computation.

[0124]

15 [Fifth Alternative Example of Speech Decoder According to First

Embodiment]
[0125]

Fig. 12 is a flowchart showing a procedure of envelope
calculation performed by a fifth alternative example of the speech

20 decoder 1 according to the first embodiment. Note that the configuration
of the fifth alternative example of the speech decoder 1 is the same as
that shown in Fig. 9.

[0126]
In the fifth alternative example, the envelope calculation process

25 in Steps S71 to S75 shown in Fig. 12 is executed in place of the process
in Steps S07 to S09 of the speech decoder 1 according to the first
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alternative exanples of the speech decoder 1 according to the first

enbodi nent as follows. [0145] In the case of application to the first
alternative exanple of the 15 speech decoder 1 according to the first
enbodi ment, Step S34 in Fig. 6 is replaced with Steps S261 to S262 in Fig.
14, for exanple. A plurality of kinds of the above-described specified
processi ng may be prepared in advance and changed dependi ng on the power of
the | ow frequency band signal. Further, any one of a) calculating the tine
envel ope by 20 perform ng the above-described specified processing only,

b) cal cul ati %Bgﬁﬁéﬁg‘éﬁ’ﬂnﬁﬁ% By perform ng the above-described

speci fied processing an using the tinme envel ope information and c)
cal cul ating tmﬁqune envel ope using the tine envel ope information w thout
perform ng the above-descri bed specified processing may be sel ected

dependi ng on the p@pecifidallyhehé aitné repeRipeycdlonkitivnge@itroll RidGhatidn 9. 15 i's
a flowhart showi ng a part of processing perforned by the tinme envel ope

cal cul ati on cdescribes ancalciilatiohenethod s ttenfimstaiot mithdow frequemgyl bawd t he
speech _decoder 1 according to the first enbodi nent is applied to the second
al ternative diasptrvalopeshan shedtamdedVhen decading andglequantization ere

enbodi nent . 10[0147} . In the case of apgl ication to the, second

al ternative eeedsrelast reading jhedesgeptanr ol the dongi eiyvaleps walgqulatien

enbodi ment, Ste 2. .in Fig. is replaced wiith Step,271 in Eig. 15 and
Srep a7 i n Ftral ingoshusilh dhe oS GedEnesy decodnEbaBdvantaGOR UL of
exanple. A plyralisty of, kinds of 5_the abowe- descri hed specifi

processi ng na B%rfﬁﬁ’é?ag?%%d}flﬁ a&ﬂxﬁfﬁé‘é“%?}l%;ﬁbee%ﬁ%b‘ﬁﬂ’ai“?f‘gﬁiﬁﬂ Olfﬁlge time
envel ope i nf L gn t y . endi ng
on the tinme gf;lll\rlggltt%g{;t}f E?kgrﬂ?rg@?eonsj ?%tl%@%gfélgﬁg%’id%gc@tﬁéec?ﬁ ‘%rrl(\g,lxe é%\?%l ope by

perfong ng thg e AIRE RAtoRE Lo RS Cinfd @Ra R b8%h& '&gﬁtenl?)r,eﬁféecg% ating

the tine 20 envel'ope by performing the above-described specifi
processi ng angktfing biietie BEaPgB; had B, RpereatiapsubBdspfdraxaaisle Cand

calculating the tine envel ope using the tinme envel ope informati on w thout
perforning t hthedbamuendgsangdeolltispati-bard cpn beesntrodled based on the time
envelope calculation control information. The content related to setting
of the arrays B; and B, may be the description of a set of integers (k,k;,)
15 to set the arrays B and By, or the description related to selection from a
plurality of specified contents of setting of the arrays B, and By, In this
alternative example, a method of describing the content related to
setting of the arrays B, and By, is not particularly limited. Further, a
calculation method of the first to n-th low frequency band time
20 envelopes described in the time envelope -calculation control
information may be the content related to setting of the specified
processing (for example, the content related to setting of the smoothing
coefficient sc(j) described above), and the specified processing (for
example, the smoothing) can be controlled based on the time envelope

25 calculation control information. The content related to setting of the

smoothing coefficient sc(j) may be a result of quantizing and encoding
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[0148] 25In the case of application to the third alternative exanple of the
speech decoder 1 according to the first enbodinent, Step S53 in Fig. 10 is
replaced with Steps S261 to S262 in Fig. 14. A plurality of kinds of the
above-descri bed specified processing may be prepared in advance and changed
depending on the tine envel ope cal culation control information. Further,
any one may be sel ected, depending on the tine 5 envel ope cal cul ation
control information, froma) calculating the tine envel ope by performng
the above-described specified processing only, b) calculating the time

il ng ¢ Eebtyi FEE o O SR SRR R0, o e 058 Bl ope
above- doscr | Rod i SL T SHOny of BT, o of g gyfeliBF OruBeiied Shhoothipe e

showi ng a parcbeﬁim@ﬂit@%@ﬁﬁ' PartRer, fip il diYudd ehe a@mmml AP Gledrat i on
control unit in when thé seventh 15 alternative exanpl e of the speech

decoder 1 aceemtng geofdrhetid smbothihgdimhit altsrrempivlel @chryplel hentibadt h
alternative exanple of the speech decoder 1 according to the first

enbodi frent . [odxEBEribing the castentfelatsdl focsatting afothehspecified pradessingat i ve
exanpl e of the 20 speech decoder 1 according to the first enbodi ment, Step
S61 in Fig. {for @iﬂﬂﬁﬂﬁa@éﬂng\notf IﬁhSﬁI@QOﬁBng icae cgentm(l)aieacsb@ba@am n Fig.
S et BB el ot
;[? be cal cul % eg -th tﬁgqfclénrc%ft bafd ntlltn% leg%lfo&)%s (?esc}{lb 8n1n the tlenvel opes,
envelope calculation control information may include at least one of the
10 above calculation methods. Note that, in this alternative example, a
method of calculating the first to n-th low frequency band time
envelopes described in the time envelope -calculation control
information is not limited to the above description as long as the content
related to a method of calculating the low frequency band time envelope
15 is described.
[0128]
In Step S71, the time envelope- calculation control unit 1n
determines, based on the time envelope calculation control information,
whether or not to change the calculation method of the low frequency
20 band time envelope in the frame. When it is determined not to change
the calculation method of the low frequency band time envelope (NO in
Step S71), the first to n-th low frequency band time envelope
calculation units 1f; to 1f; calculate the first to n-th low frequency band
time envelopes without changing the calculation method of the low

25 frequency band time envelope (Step S73). On the other hand, when it is

determined to change the calculation method of the low frequency band
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25may be exam ned whether An,k in one exanple of the above-described
specified processing is zero or not and, the | ow frequency band si gnal

time envelope calculation unit Ifk may cal cul ate Ldec(k,i) when A(),,k is
not zero and it is directed to calculate Ld"(k,i) in the |ow frequency band
signal time envel ope calculation unit Ifk in the time envel ope cal cul ati on
control information. 5[0151] In the case of application to the fifth
alternative exanple of the speech decoder 1 according to the first

enbodi ment, Step S74 in Fig. 12 is replaced with Steps S261 to S262 in Fig.

14. Wen the ﬁfﬁb%@empemyliﬁtst@g St the TEnERYoLIRRE @icuIgbd teAkeNCy band
conponents is 10changed, the above-deScri bed processing nethod may be

Gl Tornat | ve. oxamal 6 of the. Speech Gaconer T acoording 16 i he Trar
enbodi ment | confidd digndlStc tloe dast éo wi-tth lowefraqyerdy bppd i toati envelapd he fir st
to fifth alternative exanpl es descri bed above. [0153] Not e t hat,
al t hough t he dqalevatiomunitsl ldultatlés antsherchy instvedts tee atlcutatiner methachg t he
spect ’ijed P Oocfetflgil(r)lw% fi'rqu?er}l%\j;\fnbainrc]i ’rli:rin%".=,11%/gloptet1 S that the calculation method
of the low frequency band time envelope is changed (Step $72). After
that, the first to n-th low frequency band time envelope calculation units
1f; to 1f, calculate the first to n-th low frequency band time envelopes
by the changed low frequency band time envelope calculation method
10 (Step §73). Further, the time envelope calculation unit 1g calculates the
time envelope by using the first to n-th low frequency band time
envelopes calculated by the first to n-th low frequency band time
envelope calculation units 1f; to 1f, (Step S74). Then, the time envelope
adjustment unit 1i adjusts, using the time envelope calculated in the
15 time envelope calculation unit 1g, the time envelope of the high
frequency band signal generated in the high frequency band generation
unit 1h (Step S75).
[0129]
In the fifth alternative example of the speech decoder 1
20 described above also, the process in Steps S07 to SO08 can be precisely
controlled based on the control information from the encoder, thereby
allowing highly accurate adjustment of the time envelope.
[0130]
[Sixth Alternative Example of Speech Decoder According to First
25 Embodiment]

[0131]
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20 specified processing may be performed after calculating the tine

envel ope. For exanple, specified processing such as snoothing may be
performed on the calculated tinme envel ope. Further, the tinme envel ope may
be cal cul ated after perform ng the specified processing, and further

anot her specified processing may be performed on that tine envel ope.
25[0154] [First Alternative Exanple of Speech Encoder According to First
Enbodi ment] [0155] Fig. 17 is a diagram showi ng a configuration of a
first alternative exanple of the speech encoder 2 according to the first
5enbodi mrent, and F idl Mﬂﬂﬁﬁ' ] BhAFEARE ech
encodi ng by the spgg%#%ﬁﬁéiggﬁﬁéﬁg owﬁhﬁﬁh%wgm@f%?BPo156?ﬁﬁc&kliﬁﬁ t he
speech encodeglateds f@Whvelbge Balchiatioh in e skl ellRPeatbd enhipl®bfceet r ol

i nformati on generation unit (control information 10generation neans) 2j is
added to the sppasicideendedel @ caotiapdioght ofitdte efiibogiimenmhodheespeech0157]
decoder 1 shown in Fig. 13 includes a time envelope calculation control
5 unit (time envelope calculation control means) 1o in addition to the low
frequency band time envelope calculation units 1f; to 1f, and the time
envelope calculation unit 1g. The time envelope calculation controlrunit
lo is configured to perform any one or more of the envelope calculation
process in the first to fifth alternative examples of the speech decoder 1.
10 [0132]
[Seventh Alternative Example of Speech Decoder According to First
Embodiment]
[0133]
Fig. 14 is a flowchart showing a procedure of envelope
15 calculation performed by a seventh alternative example of the speech
decoder 1 according to the first embodiment. Note that the configuration
of the seventh alternative example of the speech decoder 1 is the same
as the speech decoder 1 according to the first embodiment. Steps S261
to S262 in Fig. 14 replace Step S08 in the flowchart of Fig. 2 showing
20 the process of the speech decoder 1 according to the first embodiment.
[0134]

In this alternative example, the time envelope calculation unit 1g
performs specified processing (processing of Step S261) using the low
frequency band time envelope Lye(k,i) {1=<k<n, t(s)<i<t(s+1), 0<s<sg}

25 supplied from the low frequency band time envelope calculation units

1) to 1f, and the time envelope information supplied from the coded

84



The tinme envel ope cal culation control information generation unit 2
generates tine envel ope cal culation control information using at 15 | east
one of the signal X(j,i) in the frequency band donain received fromthe
band splitting filter bank unit 2c and the tinme envel ope information
received fromthe tine envel ope information cal culation unit 2f. The
generated tine envel ope cal cul ation control information may be any of the
ti me envel ope cal culation control information in the 20third to seventh
alternative exanples of the speech decoder 1 according to the first

enbodi ment. [0158] The ti nme envel ope calculatlon c?ntrol i.nformation

gener ati on ufPgueicedgrading/ deguantigatian (Eﬁ&l f‘pé\?\ﬂzrt ¢th calsalates Higetimg band
25 d t | I b f th |
Che T r equenc Pdeiiien (PEEPIBE B oM eheonaAl SHRMAIFhGOf | TearPeshiEnt ¢ 2c,

i cat 1 ng whEvIss g ot g ARSI DY R B iRl e Bl Sle o 7 e

speech decodegg g, 18&gording to the calculated signal power. 5[0159]

Al ternatively, ]ne time envel ope cal culation control information generation
unit 23 may gg[@ Iate the signal power in the frequency band corresponding
to the high frequency band signal of the signal X(j,i) in the frequency

domai n and gener at & theefitst BRampVe| thpe oeiciehiad | ,0¢) mJEqmmnrm Ad,fgr mati on
i ndi cating whether or not to performthe tine envel ope calculation in the
speech decoder 24 dscealdilatpdt osinfgetheationd @nedlapiegirdbrmatien . supplied] in

another form from the coded sequence decoding/ dequantization unit 1e.

For example, the coefficient is calculated by the following equation.

10 [Equation 40]

Ay (5) = Fy(a,(5), 2, (), Ay (5)

1<l<n,, 1<k<n

0<s<sp
where o(s), k=1,2,....Num, 0<s<sg is the time envelope information
supplied from the coded sequence decoding/ dequantization unit le, and
15 Fi(X1,X2,--Xnum),  1<I<0y, 1<k<n is a specified function with Num
number of variables as arguments. After that, using the coefficient A (s)
acquired in the above method, the time envelope is calculated by
Equation 18, 21, 23 or 24.
[0136]
20 In the second example, the quantity given by the following
equation is calculated first.

[Equation 41]
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Further, the time envel ope cal cul ation control information 15 generation
unit 2] may cal culate the signal power in the frequency band correspondi ng
to the entire frequency band signal (i.e. the frequency band correspondi ng
to the | ow frequency band signal and the frequency band corresponding to

t he high frequency band signal) of the signal X(j,i) in the frequency
domai n and generate the tine envel ope 20 calculation control information

i ndi cati ng whether or not to performthe tinme envel ope calculation in the
decoder according to the cal cul ated signal power. [0161] The tine
envel ope cal cul ation control information generation 25unit 2] may cal cul ate

the power of a t COr I ng t geque
time envel opeg(@ lglu)e?t—e KZ @%@kﬂlﬁﬁ?ﬁgl})w lbarrwogﬂ)cj
envel ope cal cul ation uni el to 2en, and gener ate th —time envel ope

cal cul ation control infofmation related to selection of the |ow frequency

Spocch decodd < oot ing AGS ) Re Beal bl ot £ oi Bhas Sowely [0162]

The tinme envel ope cal culation control information gener ation unit 2 may
cal cul ate thqq@tbgﬁﬁtlth@%ﬂbwlﬁgw@aﬁdrequency band corresponding to the | ow
frequency band signal of the signal X(j,i) in 10 the frequency donmai n and
gener at e t he [Equgtiemvg] ope cal cul ation control information related to the
| ow frequency band time envel ope calculation method in the speech decoder 1
according to t cal cyl at ed si gnal power [0163]

AB 2P P K

5 is a specified coefficient.
[0137]
Further, the above-described g”(l,i) may be a specified
coefficient, or a specified function for the index I, i. For example,
g(o)(l,i) may be a function given by the following equation.

10 [Equation 43]

g(O) (l, Z) — ﬂla)i—t(s)

1</<n, ts)<i<t(s+1), 0<s<s,

[0138]
Then, the quantity corresponding to the left-hand side of
Equation 18, 21, 23 or 24 is calculated, and the result is represented as
15 g®(Li) {1<l<ny, t(s)<i<t(s+1), O<s<sp}. Then, the time envelope is
calculated by the following equation, for example.

[Equation 44]
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15In this alternative exanple, the frequency band of the signal power to be
calculated is not particularly limted, and the tine envel ope cal cul ation
control information that is generated according to the cal cul ated si gnal
power nmay be any one or nmore of the tine envel ope cal cul ation control
information in the third to seventh alternative 20exanpl es of the speech
decoder 1 according to the first enbodi nent described above. [0164]

Further, the tine envel ope cal culation control information generation unit
2] may detect or neasure the signal characteristics of the 25signal X(j,i)
in the frequency domain, and generate the tine envel ope cal cul ation control

i nformation ingi cqyi _—V\%’QUP][ et rformthe tinme envel ope
calculation i f’éﬁi él;gec dego’(}gr ?aogg?gyng to the cal cul ated si gnal
characteristics. [0165] Alternatively, the tine envel ope cal cul ation
control information 5 generation unit 2j may generate the tinme envel ope

cal cul ation q_OﬁI r[od( ynf or rrqt@o}‘ug(_q‘l at gESt_qn_f I ecO @_I‘.50f<t e | ow frequency

band time envelope to/fhé use or the trnme efivel opé& cal cul&tion in the
speech decoder 1 according to the signal characteristics of the signal
X(j,i) in th¢0i3%quency domain. 10[ 0166]
Further, the time envelope may be calculated by the following
equation.

5 [Equation 45]

8o (D) =8 (1) g7 (1)

1</<n,, ts)<i<t(s+1), 0<s<s,

[0140]
Further, the time envelope may be calculated by the following
equation.

10 [Equation 46]

(D) =gV (1)

1<I<n,, ts)<i<t(s+1), 0<s<s,

[0141]
 When the time envelope information is not supplied from the
coded sequence decoding/ dequantization unit le, the time envelope
15 may be calculated by the following equation.

[Equation 47]
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The tinme envel ope cal culation control information generation unit 2j may
generate the tine envel ope cal culation control infornmation related to the

| ow frequency band tinme envel ope cal cul ation nmethod in the speech decoder 1
according to the signal characteristics of the signal 15X(j,i) in the
frequency domain. [0167] Note that the signal characteristics
detected or neasured in the tinme envel ope cal cul ation control information
generation unit 2 may be the characteristics related to the steepness of
the rising edge or the 20 falling edge of the signal. The signal
characteristics may be the characteristics related to the stationarity of

the signal. The sifdna] —chatla istics may be the characteristics related
to the strenggdf@f(gfﬁje tgal ﬂ{?)of the signal. Further, the signal

characteristics may be at | east one of the above characteristics. 25[0168]
In this alternative exanple, the signal characteristics to be detected or

measured are Jnef j cul ar kit e t(jreg |@pe cal cul ation
control inforlm?f !g%:rnféf isﬂ(ég%gét%tggggrmhg to‘fﬁggés?gct ed or neasured
signal characteristics nay be any one or nore of the time envel ope

cal cul ation ¢omM2lol information in the third to sixth 5alternative exanples
of the speech decoder 1 according to the first enbodi nent descri bed above.

[ 0169] Fur t hbr thise altetnative nexamplel dpe foamc vif athe oabaxerdessiribiedf or mat i on
generation unit ZL, may generate the time envel ope cal culation control 10

i nformation igadildais prf Nindeddo the abpite exameles orm the tine envel ope

cal cul ation iahéﬂe speech decoder 1 according to the value of the tine
envel obe i nf & i on ALK(s) (1<1<nn, 14<n, 0<s<sE) received fromthe tine

oy o o Qe POk b8 SRRl PRl e oPe
the calculation of the time envelope related thereto are not limited to the
above examples.
[0144]

10 This alternative example may be applied to the first to sixth
alternative examples of the speech decoder 1 according to the first
embodiment as follows.

[0145]
In the case of application to the first alternative example of the

15 speech decoder 1 according to the first embodiment, Step S34 in Fig. 6
is replaced with Steps S261 to S262 in Fig. 14, for example. A plurality
of kinds of the above-described specified processing may be prepared in
advance and changed depending on the power of the low frequency
band signal. Further, any one of a) calculating the time envelope by

20 performing the above-described specified processing only, b)
calculating the time envelope by performing the above-described
specified processing and further using the time envelope information

and c) calculating the time envelope using the time envelope
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15 generate the tinme envel ope cal culation control information related to
sel ection of the |ow frequency band tine envel ope to be used for the tine
envel ope cal culation in the speech decoder 1. The tinme envel ope cal cul ation
control information generation unit 2] may generate the tine envel ope
calculation control information related to the | ow frequency 20band tine
envel ope cal cul ation nethod in the speech decoder 1. [0170] In this
alternative exanple, the tine envel ope cal cul ation control information that
is generated according to the tinme envel ope information may be any one or

f the ti I | cul at.i 25 t i nf ti int third t
ARRLERE T KT TS TS MO R AL
nbodi t d j ALt ti ti I
crbodh entigaetd 05 Y e SOOI SapenhL 5B YENer RS BT o

signal X(j, i )dgn Wﬂ:_y domai n received fromthe band splitting
filter bank Lﬁ;"qt eggfg%%&? e 5 coded sequence of the supplenentary

i nformation 9[4@ gh frequency band generation received fromthe

guanti zati on/encodi ng unit 2g, for exanple, the tinme envel ope cal cul ation
contrd informati oRig.rdiisat flogchineishewing apatt dfoproeedsitgptifermedbyenvel ope
calculation in the speech decoder 1 . The tine envel ope cal cul ati on control
i nformation th® treeeeavelopeusalcuPitiomycopdrodr ah tlhe whee they sevperth

cal cul ation control information related to selection of the | ow frequency
band tine enalEBpéiveoesempbe@ff the specahi wecedsrellopecardingiitat thenfirst t he
speech decoder 1. .The tinme envel ope cal cul ati on control information

gener at i on uSfbosiimeny 1yaprlicd to it sesond dirapidpe cxamplg Qi]l%sﬁ?ﬁ?&r ol

information 15related to.the |owdfrequengy band tine envel ope cal cul ation
ot hod 1 n_t hEeEaREch Seratdii torthe i E B

10 [0147]
In the case of application to the second alternative example of
the speech decoder 1 according to the first embodiment, Step S42 in Fig.
8 is replaced with Step 271 in Fig. 15, and Step S47 in Fig. 8 is replaced
with Steps 5261 to §262 in Fig. 14, for example. A plurality of kinds of
15 the above-described specified processing may be prepared in advance
and changed depending on the time envelope information. Further, any
one process may be selected, depending on the time envelope
information, from a) calculating the time envelope by performing the
above-described specified processing only, b) calculating the time
20 envelope by performing the above-described specified processing and
further using the time envelope information and c) calculating the time
envelope using the time envelope information without performing the
above-described specified processing.
[0148]
25 In the case of application to the third alternative example of the

speech decoder 1 according to the first embodiment, Step S53 in Fig. 10
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To be specific, the tinme envel ope cal culation control information
generation unit 2 nmay decode and dequanti ze the coded sequence of the 20
suppl ementary information for high frequency band generation received from
the quantization/encoding unit 2g and thereby obtains |ocally decoded

suppl ementary information for high frequency band generation, and then
generates a pseudo | ocally decoded high frequency band signal using the

| ocal | y decoded suppl enentary information for high frequency 25band
generation and the signal X(j,i) in the frequency domain. The pseudo

the sare. pr olet et FRERFAYS SA0ETh Kafa EEATURRR) S o BTG e
Al culat i on SSaErol” PR aTied Shacied ordce SR EL pro el YR ot o

pseudo | ocal hid deksied Mepbndingduenale PARR cavelopralcauldtidhecdmitruency
band corresponding to the high frequency band signal of the signal X(j,i)

in the frequéitfoymedtion) Fughdr, gmyeond esay be selavied;ndepeadinge shatbibatmen control
i nformati on based on the conparison result. [0173] 10The conpari son between
t he pseudo | enetlope detadatiomicghtrot éofoemayiobadicbmiagnedlcaating tbeftimquency
band corresponding to the high frguenc%@téa.nd signal of the signal X(j,i)
in the frequenegloperhy peresming thedrbdie-desceibedtspaeiligdproressing ioaly,si gnal  of
the two signgis nci baseijl on the p(iwer of the differenti al igg@l. Furt her,
it may be ma %@w ating fhe Jge; fyvelARe (hhPeEiovmIRg d8e ADaVEdesESEREE | ocal |y
decoded hi gh _freguency band signal ,and the freguenc and. corresponding to
Che i gh f P SREREbS Hac St antoiE Wigh she STE S el TiorEaEBRCy danm n
and based on l.ea f - fer ft i I d an

anpl i tude of “fhech vHePafol BorhrsaioeRet 4 ypb IR GYE BRERR:
envelgpe cal L copt i 9N ne i 0 2] ner ate,
usi ngl,qpfor e%lﬁr?p Eﬁe?hg@hgk& q&e?fd@ﬁlh n ?ﬁe ??%%éag%%lﬁggnaisg@%ﬁgggi ved from
the band spl bfddedsinki | ter bank unit 2c, the tine envel ope information

received fromthe tirme envel ope 25information calculation unit 2f, and the
coded sequen{@l4d] t he

Fig. 16 is a flowchart showing a part of processing performed by
the time envelope calculation control unit 1n when the seventh
15 alternative example of the speech decoder 1 according to the first
embodiment is applied to the fourth alternative example of the speech
decoder 1 according to the first embodiment.
[0150]
In the case of application to the fourth alternative example of the
20 speech decoder 1 according to the first embodiment, Step S61 in Fig. 11
is replaced with Step 281 in Fig. 16, and Step S63 in Fig. 11 is replaced
with Steps S261 to S262 in Fig. 14. In Step 281 in Fig. 16, as method of
selecting the time envelope of low frequency band components to be
calculated from the first to n-th low frequency band time envelopes, it
25 may be examined whether A in one example of the above-described

specified processing is zero or not and, the low frequency band signal
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suppl ementary information for high frequency band generation received from
the quanti zati on/encoding unit 2g, the tine envel ope cal cul ati on control

i nformation indicating whether or not to performthe tinme envel ope
calculation in the speech decoder 1 . The tinme envel ope cal cul ati on control
information generation unit 2j nmay generate the time 5 envel ope

cal cul ation control information related to selection of the |ow frequency
band ti ne envel ope to be used for the tine envel ope calculation in the
speech decoder 1. The tinme envel ope cal cul ation control information

: ri. _ _ | | on
ot or mat o rengEnyeRbeiRIHRtn ik L FaFRUPIRE 15! HHeBACR M, at f on
method i n t hesiPR8E MNP OdeHirdeteOh/ ehlculate Lyl }i’FiI%F?E&'lBgszfre hg%‘?’ng?ate R

envel ope cal cul ation control information generati'on unit

pseudo | ocal Ibandesigaiall tihhgrerdvietspeeaaleulaich sinéinaf, andhedjmsterdvigopd me
envel ope of the pseudo 15 locally decoded hi gh frequency band signal by

usi ng the ti malardxedwpenirof mforhatdon.r ecei ved fromthe tine envel ope
information cal culation unit 2f, and then conpare the pseudo |ocally
decodell hi gh [Pdégliency band signal with the adjusted tinme envel ope with the
frequency band corresponding to fhe_high frequency band signal of the
signal X(j,i) in 2énﬁge casg 0 appliedien i theylifhraternativye exemple ehihkg ope

Cal Ul SOk L SR DR SRnt e caIRaL san S5l (A
o gnal e BB B SO SRR 55 SRR of ) 1 e
frequency dor@l&l&ﬁﬂg Qﬁepﬁhfeoéﬁ%of)@ df]ﬁ)\?af?@quency band components is
10 changed, the above-described processing method may be changed
accordingly.
[0152]
Further, application to the sixth alternative example of the
speech decoder 1 according to the first embodiment is made in
15 accordance with the way of application to the first to fifth alternative
examples described above.
[0153]
Note that, although the flow that calculates the time envelope
after performing the specified processing is shown in Fig. 14, the
20 specified processing may be performed after calculating the time
envelope. For example, specified processing such as smoothing may be
performed on the calculated time envelope. Further, the time envelope
may be calculated after performing the specified processing, and further
another specified processing may be performed on that time envelope.
25 [0154]
[First Alternative Example of Speech Encoder According to First
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manner as the conparison is perfornmed between the pseudo | ocally decoded
hi gh frequency band signal and the frequency band corresponding to the high
frequency band signal of the signal X(j,i) in the frequency domain. 5[0177]
Further, in the tinme envelope information calculation unit 2f of the speech
encoder 2 according to the first enbodinent, the time envel ope information
may be cal cul ated using the pseudo | ocally decoded high frequency band
signal. To be specific, the coded sequence 10 of the suppl enentary
information for high frequency band generation received fromthe

guanti zat i on@%ﬁg 'hp:g] nit 2g is further input to the tine envel ope

i nformati on ca C(lg.l)(ﬂa |gﬁ unit 2f, and the coded sequence of the

suppl enment ar)[ojyg]ormati on for high frequency band generation is decoded and
dequanti zed to acquire |locally decoded supplenentary 15 information for

hi gh frequency banBjgengr & i ondiagheint BRowseLdo tafidurutioacoded firgh
frequency band signal is generated using the locally decoded suppl enentary
i nformation fatterratiye éxampenof thendpepoheeatoder Andeddrdingy goatheXfirsti) in the
frequency domain. [0178] 20For exanple, the tinme envel ope information

cal cul@ati on gnitodimengyandukigutl 8 igsa flhwchartcliosting a praseduneedbppeech
information, the tine envelope information that all ows best approxinmation
to the frequéRe9dipgmy Bsspesgoaasedsroshove o kig-flequency band signal of

t he signal Xib i)é in the frequency dormain when the tinme envel ope of the
pseudo 25l oc ] ldecoded hi gh frequency band signal is adjusted using the

i I | cul f h | | N ion. Th
determnat ton ao ¢ 1 PhEcRebaTdntBat AL sRON, REFik ol due orBa s EBPPes pondi ng
to the high f 1 t i I if ek e dan : .
dorat n . bSE ARG BARS Sinfithatiin, qheRie ¥ foonerol ibfREmabiB o7 <Y
l'ocal |y decodgdehirioh &é@ﬁé@gﬁ gfaaee téitaa@geauﬂ EhddiRr 2Pa@dridioed thieme

envel ope and "t he frequency correspondi ng to the high frequency band
signal of thdirsi @nbbdisdénti) i n the frequency domain, or nay be based on an
error between the tine envel opes of those signals.

[0157]

The time envelope calculation control information generation
unit 2j generates time envelope calculation control information using at
15 least one of the signal X(j,i) in the frequency band domain received
from the band splitting filter bank unit 2c and the time envelope
information received from the time envelope information calculation
unit 2f. The generated time envelope calculation control information
may be any of the time envelope calculation control information in the
20 third to seventh alternative examples of the speech decoder 1 according
to the first embodiment.
[0158]
The time envelope calculation control information generation
unit 2j may calculate the signal power in the frequency band
25 corresponding to the low frequency band signal of the signal X(j,i) in
the frequency domain received from the band splitting filter bank unit
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[0179] 10Alternatively, the tinme envel ope cal culation control information
generation unit 2] nmay generate the tine envel ope cal cul ati on control

i nformation indicating whether or not to performthe tinme envel ope
calculation in the speech decoder 1 according to the anount of information
(to be nore specific, the nunber of bits) needed for 15 encoding of the
time envel ope information received fromthe quantization/encodi ng unit 2g,
for exanple. The tine envel ope cal cul ation control information generation
unit 2j may generate the tine envel ope cal culation control information

A i ol L i A o e e

the tinme envéldpe on in e tine

envel ope cal Gfohia@ionC AiEfing RIIRSABL io%&eﬂﬁ[p;é}fo% WY kindd efRgIdRNerate
the time envel ope calculation control information related to the'l ow

frequency banrdldulagore iy eheppeeet dot@ddroh agediligg ito thbecadidateld signaider 1.
[0180] 25To be specific, the tinme envel ope cal cul ati on control 1 nformation
gener ati on umpowe?] generates the time envel ope cal cul ation control
information indicating to performthe time envel ope cal culation in the
speechd decoddP13%hen the anbunt of information (to be nore specific, the
nunber of bits) nezﬂed for _encodi ng of Ehe time, envel ope i,nI_ormaIi on
recei ved from the 4dtesnativalyohediasfnvglong ealoglafionegpmbrol iptormagions na| | er

n the anount

of 1 'nfor at | GEOFEBREAT BHSOHAIUIRGY ks 07 o Wi B) Bisc P sy | <

| m ded . . |
St o SERBSECIORLATSESNEl i WRE DU AR BB BT
colcutat i on (e ity (R 984 behdiRsihe" e Enbe BBe YRR,
envel ppe cal quhdrl omfomRI@l ihafcarifR! WaRiganer aldon, Uord] WRYrigRner at e

the tinme envel ope calculation control information rel'ated to sel ection of
the | ow frequarelopeasadciilafi®n in the speech decoder 1 according to the calculated
signal power.
[0160]
Further, the time envelope calculation control information
15 generation unit 2j may calculate the signal power in the frequency band
corresponding to the entire frequency band signal (i.e. the frequency
band corresponding to the low frequency band signal and the frequency
band corresponding to the high frequency band signal) of the signal
X(j,i) in the frequency domain and generate the time envelope
20 calculation control information indicating whether or not to perform the
time envelope calculation in the decoder according to the calculated
signal power.
[0161]
The time envelope calculation control information generation

25 unit 2j may calculate the power of a part corresponding to the first to

n-th low frequency band time envelopes calculated by the first to n-th
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15 envel ope to be used for the tine envel ope calculation in the speech
decoder 1 so that the anobunt of infornmation needed for encoding of the tine
envel ope information is equal to or smaller than a specified threshold. At
this tinme, the tine envel ope calculation control information generation
unit 2j may notify the result of conparing the 20 anount of infornmation
needed for encoding of the tinme envel ope information with the threshold to
the tine envelope information calculation unit 2f, and the tine envel ope
information calculation unit 2f may re-calculate the tinme envel ope

| nformation %ﬁoﬁﬁéﬁ%ﬁygpﬂ fifle %ﬁx‘?&io@@%@éﬂléﬂ&n rlg‘fl’g:é{]?t’a[ Not% Lhal, 1n the

case where the ti ope Information i1s re-c at ed, " the

quanti zati Ong%ﬁéfh@é RHe 4ithé éiﬁe%}i@@ﬁﬁuﬁiﬂ%rﬂ@@ﬁﬁblzﬁﬁo&ﬁ%tibﬁ‘&?dt@&"t@? ed tine
envel ope information. The nunber of tines of re-calculating the tine

envel ope i nf gelmtibArofl thenliw Fegdueoy danyd tiimel ¢klopdiSHe hsed fursthe
alternative exanple, the tinme envel ope cal cul ation control 5 information

i s cal cul at edilassedetnpet balcahationt imfthe rfpeechtdevodeeddadcéming toottieng of t he
time envel ope information, and the tine envel ope cal cul ati on control

i nfornati on reldwatgésignal pdwesy be any one or nore of the time envel ope
calculation control information in the third to sixth alternative exanpl es
of the speecﬂioh@%]oder 1 according to the first 10enbodi nent descri bed

above. [0183 The tinme envel ope . cal cul ati on control information
gen\ér at Ead by] the tiIHE té‘ﬁ‘\?leF% OE%IC@Eﬁ“ﬁ?‘il%uc@élirlloﬁ)dpﬁ?rm%%%ltgie%ra&@ﬁ:ar ation

coded 15sequdlie By AL TS ofiferterBang ebadh T ARee el T on
uni 20 and REEhnding (bl MR b RUEGEHCP BAHd SRR SrPERal K(ERTR T uct o

10 the frequency domain and generate the time envelope calculation
control information related to the low frequency band time envelope
calculation method in the speech decoder 1 according to the calculated
signal power.

[0163]

15 In this alternative example, the frequency band of the signal
power to be calculated is not particularly limited, and the time envelope
calculation control information that is generated according to the
calculated signal power may be any one or more of the time envelope
calculation control information in the third to seventh alternative

20 examples of the speech decoder 1 according to the first embodiment
described above.

[0164]
Further, the time envelope calculation control information
generation unit 2j may detect or measure the signal characteristics of the

25 signal X(j,i) in the frequency domain, and generate the time envelope

calculation control information indicating whether or not to perform the

94



[ Second Alternative Exanple of Speech Encoder According to First

Enbodi nent] 20[ 0185] Fig. 19 is a diagram show ng a configuration of
a second alternative exanple of the speech encoder 2 according to the first
enbodi nent, and Fig. 20 is a flowhart show ng a procedure of speech
encodi ng by the speech encoder 2 shown in Fig. 19. 25[0186] In the speech
encoder 2 shown in Fig. 19, a |low frequency band decoding unit 2k is added
to the speech encoder 2 according to the first enbodinment. [0187] The | ow
frequency band decoding unit 2k receives the low 5 frequency band coded
sequence fromthe | ow frequency band encodi ng unit 2b, decodes and

dequant i zes tthne | aawelonsygalétatiyndn cibaespesehudenndeantd acherding tacthéires a

| ocal |y decoded | ow frequency band. signal. Note that, when the quantized

| ow frequency? edisignal chamckaistic§uired from the | ow frequency band
encodi ng unit % the low 10 frequency band decoding unit 2k may

dequanti ze tﬂg gﬁhntized | ow frequency band signal and acquire the |locally

decoded | ow f aclisi gnak.. T Low,f '
envel ope cal cul at 1 tesfir B Btims o Gl Ao R g Rl

f b j | j -

L G R el
Note that thenfRapmdnalbREi&AR oV eeREABR! 8fOthd News FR&filtneCOERA &npccording

to the first enbodi nent may be applied also to the first alternative
exanpl e of thavshpectv decadel f& dacontt rRavelpehealtilasion in the speech
decoder 1 according to the signal characteristics of the signal X(j,i) in
the frequency domain.
10 [0166]

The time envelope calculation control information generation
unit 2j may generate the time envelope calculation control information
related to the low frequency band time envelope calculation method in
the speech decoder 1 according to the signal characteristics of the signal

15 X(j,i) in the frequency domain.
[0167]

Note that the signal characteristics detected or measured in the
time envelope calculation control information generation unit 2j may be
the characteristics related to the steepness of the rising edge or the

20 falling edge of the signal. The signal characteristics may be the
characteristics related to the stationarity of the signal. The signal
characteristics may be the characteristics related to the strength of the
tonality of the signal. Further, the signal characteristics may be at least
one of the above characteristics.

25 [0168]

In this alternative example, the signal characteristics to be
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20enbodi nent. [0189] [Third Alternative Exanpl e of Speech Encoder Accordi ng
to First Enbodi nent] [0190] 25Fig. 21 is a diagram showi ng a configuration
of athird alternative exanple of the speech encoder 2 according to the
first enbodinment, and Fig. 22 is a flowhart show ng a procedure of speech
encodi ng by the speech encoder 2 shown in Fig. 21. [0191] The speech
encoder 2 shown in Fig. 21 is different fromthe 5 speech encoder 2
according to the first enbodinment in that it includes a band synthesis
filter bank unit 2min place of the down-sanpling unit 2a [0192] The band
synthesis filter bank unit 2mreceives the signal 10 in the
frequency dometactdd ermeasulsdrare not iparticiganly |1m1rtecbam<iJ ﬁhﬂltlmQ@HVpbfpﬁor ms band
synthesis for the frequency band corresponding to the |ow frequency band
signal and t Kalcaliat lcabcﬁmtr@ﬁ HlBb‘mtlglénﬁlaédlss|86H§1Iatedﬂ1%cc§é"elfﬂgsm|ﬂ§1ﬁ of the

down- sanpl ed ol ancl by, Sand SYALNES] 5 T5¥shS: R B0 TRY Girsl thatg Jpo the
the time envelope calculation control information in the third to sixth
5 alternative examples of the speech decoder 1 according to the first
embodiment described above.
[0169]
Furthermore, the time envelope calculation control information
generation unit 2j may generate the time envelope calculation control
10 information indicating whether or not to perform the time envelope
calculation in the speech decoder 1 according to the value of the time
envelope information A;x(s) (1<I<ny,1<k<n,0<s<sg) received from the
time envelope information calculation unit 2f, for example. The time
envelope calculation control information generation unit 2j may
15 generate the time envelope calculation control information related to
selection of the low frequency band time envelope to be used for the
time envelope calculation in the speech decoder 1. The time envelope
calculation control information generation unit 2j may generate the time
envelope calculation control information related to the low frequency
20 band time envelope calculation method in the speech decoder 1.
[0170]

In this alternative example, the time envelope calculation control
information that is generated according to the time envelope
information may be any one or more of the time envelope calculation

25 control information in the third to sixth alternative examples of the

speech decoder 1 according to the first embodiment described above.
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15filterbank in SBR of "MPEGA AAC' specified in "1 SO I EC 14496-3", for
exanple ("1SO | EC 14496-3 subpart 4 CGeneral Audio Coding"). [0193]

Note that the third alternative exanple of the speech encoder 2 according
to the first enbodi nent may be applied also to the first and 20second
alternative exanples of the speech encoder 2 according to the first

enbodi nent. [0194] In a fourth alternative exanple of the speech
encoder 2 according to the first enbodi nent, the specified processing
25corresponding to the seventh alternative exanple of the speech decoder 1
according to the first enbodi nent described above is perfornmed when

cal cul ating dP171) in the tlne envelope i nf or mati on calculatlon unit 2f of

t he speech encoderéﬁ accor o the first enbodj ment. gg hat, as
described in the séVERRAIYS b’e atc"in\‘?eef@é? §a]6¥1 aﬂﬁ’@%ﬁﬁ Hnfrraicn 1
accordlngtotheflrst odi_nment ed.usin the 5

| ow f r equencyBBSFAIIGN ?gb\%%g%n%{ etuSH@ Cﬁhéy gﬁ fEAWC ¥ Pocessi ng,

e AN S 8 B
10Not est hat  tlagef Adgubndd i thetduppl&senRy ifforkifioRPffiChighNfREEindy
band generation received from the quantization/encoding unit 2g, for
example, the time envelope calculation control information indicating
whether or not to perform the time envelope calculation in the speech
decoder 1 . The time envelope calculation control information
10 generation unit 2j may generate the time envelope calculation control
information related to selection of the low frequency band time
envelope to be used for the time envelope calculation in the speech
decoder 1. The time envelope calculation control information generation
unit 2j may generate the time envelope calculation control information
15 related to the low frequency band time envelope calculation method in
the speech decoder 1.
[0172]
To be specific, the time envelope calculation control information
generation unit 2j may decode and dequantize the coded sequence of the
20 supplementary information for high frequency band generation received
from the quantization/encoding unit 2g and thereby obtains locally
decoded supplementary information for high frequency band generation,
and then generates a pseudo locally decoded high frequency band signal
using the locally decoded supplementary information for high frequency
25 band generation and the signal X(j,i) in the frequency domain. The
pseudo locally decoded high frequency band signal can be generated by
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according to the first enbodi mrent nay be applied also to the first to third
alternative exanples of the speech encoder 2 according to the first
enbodi ment. [0196] 15In the case of applying the fourth alternative exanple
of the speech encoder 2 according to the first enbodinment to the first
alternative exanple of the speech encoder 2 according to the first
enbodi nent, information as to whether or not to performthe above-descri bed
speci fied processing in the speech decoder 1 according 20 to the first
enbodi ment may be contained in the tinme envel ope cal cul ati on control
i nformati on based on an error of g(1,i) with respect to H(1,i) described
above. [0197]pefoenaing tiEbamemrocessiE 04 0183 highs equenasirbanid generasiont he
present invention is described hereinbel gw [019(9fl Fig. 23 is a
di agr am showitiéf B ebihe gpeech decosier draccopdingrfodbe dust embedineds dibsg to t he
second enbodijrent, and Fi g 2f1 is a %_PE)I owchart. show n19a a procegl%re of
speech decoditiae b§NYHAPE pEalcHIaior, fontrh | INRERATIPR BERerasion” HML sdeech
decoder 101 of Fig, is different . fromthe speech.decoder 1 gccarding to
the 1irst enoue B Enbeed mBibed, IPHh. AeRRESE hgEaRRep e FoBpe ©
super poSi t | 0y twih fRUBIGHR BhARSRHABOAARIZ 19 InEAPR) frdqbrRYd that it
band signal of the signal X(j,i) in the frequency domain and generates
the time envelope calculation control information based on the
comparison result.
[0173]
10 The comparison between the pseudo locally decoded high
frequency band signal and the frequency band corresponding to the high
frequency band signal of the signal X(j.i) in the frequency domain may
be made by calculating a differential signal of the two signals and based
on the power of the differential signal. Further, it may be made by
15 calculating the time envelopes of the pseudo locally decoded high
frequency band signal and the frequency band corresponding to the high
frequency band signal of the signal X(j,i) in the frequency domain and
based on at least one of a difference of the time envelopes and an
amplitude of the difference.
20 [0174]
Alternatively, the time envelope calculation control information
generation unit 2j may generate, using, for example, the signal X(j,i) in
the frequency domain received from the band splitting filter bank unit
2¢, the time envelope information received from the time envelope
25 information calculation unit 2f, and the coded sequence of the

supplementary information for high frequency band generation received
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10 tinme-frequency envel ope adjustnent unit (tinme-frequency envel ope

adj ustnent neans) Ip in place of the tine envel ope adjustnent unit i (1c
tole, Ih, Ij and Ip are sonetines referred to also as a bandwi dth
extension unit (bandw dth extension neans)) [0200] 15The coded sequence
analysis unit id analyzes the high frequency band coded sequence supplied
fromthe denultiplexing unit |a and thereby acquires coded suppl enentary
information for high frequency band generation and quantized time-frequency
envel ope i nformation. 20[0201] The coded sequence decodi ng/

dequanti zation unit | e decodes the coded sup enentary information for high
frequency badtbmehergudntizaiopfsncediny omtt2m tglo seryedope calealagwins unit id
and t hereby obtalns suppl ementary i nformation for hlgh f requency band
25gener at i on,cORH@! d@a@mtilczrbsmdmthgamheﬂw F ittt fe RS dho elibise

acaui res. (1 mERFIOREREIF O, dpenenbarets ”a%iiﬁle“rt‘frﬁe WveRisquency

I t t E f th
o hE RSN R R B e N S
[ om L codedl BRANSELSEACAR SRAHAROREIA 8 sbickfon iR A2

frequency envel 0 osition Icu ates a frequency envel ope

fromthe fre fnﬁ%d’pﬁnfe“feﬁ{r Fbal%‘ REAC LIRS Cfintd erlvefisieency

envel ope onto the tinme envel ope ically, the frequency envel ope
super posi t i ogaldtildtidn dnlfHeekpedoks dte&bdserpu OCfes timge ighveltspel ehlcalitide

procedure, for exanple.
control information generation unit 2j may generate the time envelope
calculation control information related to the low frequency band time
10 envelope calculation method in the speech decoder 1.
[0175]

To be specific, the time envelope calculation control information
generation unit 2j may generate a pseudo locally decoded high
frequency band signal and adjust the time envelope of the pseudo

15 locally decoded high frequency band signal by using the time envelope
information received from the time envelope information calculation
unit 2f, and then compare the pseudo locally decoded high frequency
band signal with the adjusted time envelope with the frequency band
corresponding to the high frequency band signal of the signal X(j,i) in

20 the frequency domain and generate the time envelope calculation
control information based on the comparison result.

[0176]

The comparison between the pseudo locally decoded high

frequency band signal with the adjusted time envelope and the

25 frequency band corresponding to the high frequency band signal of the

signal X(j,i) in the frequency domain may be performed in the same
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[ 0203] First, the frequency envel ope superposition unit |Iq transforns
the tinme envel ope by the followi ng equation. [Equation 48] EO=ET (1 k =
FH(1) 15t(s)i<t(s-Fl), <sk [0204] Next, the frequency envel ope
superposition unit 1 g divides the high frequency band into rnH(nmH>1)
nunber of sub-bands. The sub-bands are represented as 13(F)k

(k=1,2,3,..., mH). Further, for 20sinplification of the description, an
array GH having nt+1 nunber of indexes representing the boundary of the
sub-band )3(9k (1<mll) as factors is defined so that the signal X(bi),
Gl1(k).VHAKk-EL), t(s)<kt(s+l), O<s<skE corresponds to the conmponent of the
sub- band B( Frkanrixot as thatco@ifarispnkis, paHiormed ) bdtwmen 1theSpoa@s] locally

decoded high frequency band signal and the frequency band
corresponding to the high frequency band signal of the signal X(j,i) in
the frequency domain.

5 [0177]

Further, in the time envelope information calculation unit 2f of
the speech encoder 2 according to the first embodiment, the time
envelope information may be calculated using the pseudo locally
decoded high frequency band signal. To be specific, the coded sequence

10 of the supplementary information for high frequency band generation
received from the quantization/encoding unit 2g is further input to the
time envelope information calculation unit 2f, and the coded sequence
of the supplementary information for high frequency band generation is
decoded and dequantized to acquire locally decoded supplementary

15 information for high frequency band generation, and the pseudo locally
decoded high frequency band signal is generated using the locally
decoded supplementary information for high frequency band generation
and the signal X(j,i) in the frequency domain.

[0178]

20 For example, the time envelope information calculation unit 2f
may output, as the calculated time envelope information, the time
envelope information that allows best approximation to the frequency
band corresponding to the high frequency band signal of the signal
X(j,i) in the frequency domain when the time envelope of the pseudo

25 locally decoded high frequency band signal is adjusted using the time

envelope calculated from the time envelope information. The
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Then, the frequency envel ope superposition unit |qg calculates the frequency
envel ope by the foll ow ng equation. [Equation 49] E Fdec(k s)

=100. 1xsfdee(k, $)i< k , 10where sfdec (k,$) (where 1<k<nmH, O<s<sE) is a
scal e factor corresponding to the sub-band B(F)k. [0206] Not e t hat
the frequency envel ope may be cal cul ated by the foll ow ng equati on.

15[ Equati on 50] E F dec(k,$) = 64x 2sfdec(k,$) 1 k<nH O S<SE In this

enbodi nent, the formof ErAec(k,$) is not limted to the above exanple.

determination as to whether it is close to the frequency band
corresponding to the high frequency band signal of the signal X(j,i) in
the frequency domain may be made based on a differential signal
between the pseudo locally decoded high frequency band signal with the
5 adjusted time envelope and the frequency band corresponding to the
high frequency band signal of the signal X(j,i) in the frequency domain,
or may be based on an error between the time envelopes of those
signals.
[0179]

10 Alternatively, the time envelope calculation control information
generation unit 2j may generate the time envelope calculation control
information indicating whether or not to perform the time envelope
calculation in the speech decoder 1 according to the amount of
information (to be more specific, the number of bits) needed for

15 encoding of the time envelope information received from the
quantization/encoding unit 2g, for example. The time envelope
calculation control information generation unit 2j may generate the time
envelope calculation control information related to selection of the low
frequency band time envelope to be used for the time envelope

20 calculation in the speech decoder 1. The time envelope calculation
control information generation unit 2j may generate the time envelope
calculation control information related to the low frequency band time
envelope calculation method in the speech decoder 1.

[0180]
25 To be specific, the time envelope calculation control information

generation unit 2j generates the time envelope calculation control
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[0207] 20The frequency envel ope superposition unit 1 gq cal cul ates
sfdec(k,$) as follows. First, the values of sfdec(k,$) corresponding to
several sub-bands are set as constant nunbers that are not dependent on
time as represented by the follow ng equation (hereinafter, a set of

I ndexes k corresponding to those sub-bands is denoted as Nc). 5[ Equation
511 sfd"(k,$)--= C, Vke Arc, Cl s<sk Although the value of C may be C=0, the
value of Cis not specified in this enbodinment. Then, when the integer 1 is
not included in the set Nc, the frequency envel ope superposition unit |q
acquires the scale factor 10sfdec(1,0, O<s<s fromthe frequency envel ope

i nformati on. ihfi#@&tion indicafinigeto phfbrmtthe timecogmmrigpecoalelmpiensimptireposi ti on
unit 1 q repeats the processing of the following (Step k) fromk--2 to k=nH
and cal cul at epeettedataies-lowbenithe amyuuit effinbarorations(tsbepnrye senifiche
integer k is pot includeq in the set Nc, a difference in scale factor dsf
dec\ /) O<S<$h¢snlri@7t§’@ﬁ@g bﬁ@mﬂeﬁée‘ir&fu@ﬁwd@&/é}fo&ﬁmm@r (REVEEIPE t he

scale factor ifp G et oM the quaniizAtos An2odi0g uhif9E 3 qiartd
5 or smaller than a specified threshold, for example. On the other hand,
when the amount of information needed for encoding of the time
envelope information is larger than a specified threshold, the time
envelope calculation control information generation unit 2j generates
the time envelope calculation control information indicating not to
10 perform the time envelope calculation in the speech decoder 1.
[0181]

Further, the time envelope calculation control information
generation unit 2j may generate the time envelope calculation control
information related to selection of the low frequency band time

15 envelope to be used for the time envelope calculation in the speech
decoder 1 so that the amount of information needed for encoding of the
time envelope information is equal to or smaller than a specified
threshold. At this time, the time envelope -calculation control
information generation unit 2j may notify the result of comparing the

20 amount of information needed for encoding of the time envelope
information with the threshold to the time envelope information
calculation unit 2f, and the time envelope information calculation unit
2f may re-calculate the time envelope information according to the
notified comparison result. Note that, in the case where the time

25 envelope information is re-calculated, the quantization/encoding unit 2g

encodes and quantizes the re-calculated time envelope information. The
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sfd"(k,$)-= sfd"(k -1,$)+ dsfd"(k,$) 200 s < s and 1 is added to the

I nteger k and then the process proceeds to the next (Step k). On the other
hand, when the integer k is included in the set Nc, 1 is added to the
integer k as it is and then the process proceeds to the next (Step k).
[0209] Further, in the case of receiving a difference in scale factor 5
5fd"(1,5), O<s<skE fromthe frequency envel ope information, the processing
in the above Step k nmay be perforned by cal culating 5fd"(0,5), 0<s<sE using
the | ow frequency band conponent of the signal in the frequency domain
received fromthe band splitting filter bank unit |lc. For exanple, in the
equat i ons 63 nugabesrel Bmedaxfcierealaulatingrthe time ienvelmpgyinfermatiimesenoty t h
Xd"(j,i), and st(O,ﬁ% caj cyl ated using a specified k1 and kj, satisfying
04i 4b<kx whem8riicyapyJimiede; as 5fd"(0,5). [0210] In this exanple,
differently &Q g%the above-descri bed exanple, the frequency envel ope

i nformati on @ rrespond to the scale factor 15 sfd"(k,$) itself.

further. he 11 eau gt GRLALRRE LB L DTN eeh A AUSIGTE At (o0

sfd"(ks3). 1ikffhationt 8%afellftelatdd bhaHE albunt of information needed for
encoding of the time envelope information, and the time envelope
calculation control information to be generated may be any one or more
of the time envelope calculation control information in the third to sixth
alternative examples of the speech decoder 1 according to the first

10 embodiment described above.

[0183]

The time envelope calculation control information generated by
the time envelope calculation control information generation unit 2j in
the above manner is further added to the high frequency band coded

15 sequence by the high frequency band coded sequence construction unit
2h and thereby the high frequency band coded sequence is constructed.
[0184]
[Second Alternative Example of Speech Encoder According to First
Embodiment]

20 [0185]

Fig. 19 is a diagram showing a configuration of a second
alternative example of the speech encoder 2 according to the first
embodiment, and Fig. 20 is a flowchart showing a procedure of speech
encoding by the speech encoder 2 shown in Fig. 19.

25 [0186]

In the speech encoder 2 shown in Fig. 19, a low frequency band
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-dec. the follow ng equation using the scale factor sf (k,s-1) in the
(s-1)th frane. 20[Equation 53] sfd"(k,$)= sfd"(k,s-1)+dtsf(s,k), Is<s In
this case, however, sfdee(k,0), 1l<k<nH corresponding to the initial value

I s acquired using another way such as the above-described method. [0211]
Further, the scale factor of the sub-band nay be cal cul ated using

I nterpol ation or extrapolation fromat |east one of the scale factor of the
5 I ow frequency band conponent and the scale factor of the sub-band of the
hi gh frequency band. In this case, the frequency envel ope information is
the scale factor of the sub-band to be used for the interpolation or

ext r apol at i odeapdingruriihEkipedded tntlor speechansbdet dracpardingtetheirsti n t he

hi gh frequency bapnd. For calculation of the scale 10 factor of the | ow
frequency baﬁﬁﬂﬁﬁhﬁ@ﬁént, the | ow frequency band conponent of the signal in
t he frequenci fgfﬁin received fromthe band splitting filter bank unit Ic
Is used. [02 9

The low frequency band decoding unit 2k receives the low
5 frequency band coded sequence from the low frequency band encoding
unit 2b, decodes and dequantizes the low frequency band coded
sequence and thereby acquires a locally decoded low frequency band
signal. Note that, when the quantized low frequency band signal can be
acquired from the low frequency band encoding unit 2b, the low
10 frequency band decoding unit 2k may dequantize the quantized low
frequency band signal and acquire the locally decoded low frequency
band signal. Then, the low frequency band time envelope calculation
units 2e, to 2e, calculate the first to n-th low frequency band time
envelopes by using the locally decoded low frequency band signal
15 acquired by the low frequency band decoding unit 2k.
[0188]
Note that the second alternative example of the speech encoder
2 according to the first embodiment may be applied also to the first

alternative example of the speech encoder 2 according to the first

20 embodiment.
[0189]
[Third Alternative Example of Speech Encoder According to First
Embodiment]
[0190]
25 Fig. 21 is a diagram showing a configuration of a third

alternative example of the speech encoder 2 according to the first
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The interpolation or extrapol ati on paraneter may be a specified 15
paraneter. Further, the interpolation or extrapolation of the scale factor
may be made by cal culating a paraneter to be actually used for

i nterpol ation or extrapolation fromthe specified interpolation or
extrapol ati on paranmeter and the interpol ation or extrapol ati on paraneter
contained in the frequency envel ope information. Furthernore, in at 20

| east one of the cases where the frequency envel ope information is not
recei ved and where the frequency envel ope information does not contain the
interpolation or extrapol ation paranmeter, the interpolation or

ext rapol at i orena;bOCiln@IE,c@deFt&c&?grs qralp vishaia sho wigigng) Proredype of speash

i nterpolation or extrapol ation paraneter only. .Note that, in this

25enbodi nent ,enﬁomﬁ?ﬁsﬁeﬁ?greﬁ%@‘g%%?h%‘ﬂﬂ i Fig-addol ation i s not
particularly blgﬁ ed. [0213] The form of the frequency envel ope

i nformation (i bed above is just one exanple, and it may be any form as

long as [t is a pangEelel kel SSent BiouAr kAH LN s ifclgBbaPagler o the

signal 5 anplitudé in e frequency recti o’ f'or each su and t he
hi gh f£equen tohi Hﬁ%df t : envel ope
i nfor n%ti on i eﬁ%?g%%drcﬁrcja?gcroﬁy ( r?‘lnit’fl‘glgc}fr1 rs{ gglﬁfiaﬁﬂbﬁtf irt {4 ﬁtri%ﬁ%éé the
frequency envghdprgmniheges Pl thaak wilt Ond if ﬂlﬁ@éf@ﬁ%o%%éﬁ@%ﬂﬁsc“ bed

EF(k, $) using thefollow ng equation. [Equation 54] Els) = (k, s)
2a.
[0192]
The band synthesis filter bank unit 2m receives the signal X(j,i)
10 in the frequency domain from the band splitting filter bank unit 2c,

performs band synthesis for the frequency band corresponding to the
low frequency band signal and thereby acquires a down-sampled signal.
The acquisition of the down-sampled signal by band synthesis may be

performed according to the method of downsampled synthesis

15 filterbank in SBR of "MPEG4 AAC" specified in "[SO/IEC 14496-3",
for example ("ISO/IEC 14496-3 subpart 4 General Audio Coding").
[0193]

Note that the third alternative example of the speech encoder 2
according to the first embodiment may be applied also to the first and
20 second alternative examples of the speech encoder 2 according to the
first embodiment.
[0194]
In a fourth alternative example of the speech encoder 2
according to the first embodiment, the specified processing
25 corresponding to the seventh alternative example of the speech decoder

1 according to the first embodiment described above is performed when
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k -k trz kh --= GH (k) Ikh = G'(k +1) -1' 1 k O S<SE [0215] Then, the
frequency envel ope superposition unit 1 q calculates 15the quantity E2(mi)
by the follow ng equation using the tine envel ope EO(mi) and the frequency
envel ope El(mi) transforned as above. [Equation 55] E2 011, 0 = E (il,

S EO0O GIl, 0 O<mciinmk-kx, t(s)_i<t(s+l), Os<sE T

calculating g(l,i) in the time envelope information calculation unit 2f of
the speech encoder 2 according to the first embodiment. Note that, as
described in the seventh alternative example of the speech decoder 1
according to the first embodiment, g(l,i) may be calculated using the
5 low frequency band time envelope after performing the specified
processing, or g(l,i) may be calculated by performing the specified
processing after calculating g(Li) using the low frequency band time
envelope.
[0195]

10 Note that the fourth alternative example of the speech encoder 2
according to the first embodiment may be applied also to the first to
third alternative examples of the speech encoder 2 according to the first
embodiment.

[0196]

15 In the case of applying the fourth alternative example of the
speech encoder 2 according to the first embodiment to the first
alternative example of the speech encoder 2 according to the first
embodiment, information as to whether or not to perform the
above-described specified processing in the speech decoder 1 according

20 to the first embodiment may be contained in the time envelope
calculation control information based on an error of g(1,i) with respect to
H(l,i) described above.

[0197]
[Second Embodiment]

25 [0198]

A second embodiment of the present invention is described
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[ 0216]

0 (k ,

i),

Furt her, the above-described E2(mi) may be in the form given

by the follow ng equation. 5[ Equation 56] kw, -kx E2 (rn,i) = E(m s) 1E
k=0 O<nkii.ffix-kx, t(S)..i<t(S-1-1), OS<SE [0217]
it may be in the formgiven by the follow ng equation. [Equation

Furt her,

57]

FIT (m+1)-k x -1 E 201150 = E 10115 S) 1E 0 (k ,i), k=F H (Qm)-k

10

15

20

25

hereinbelow.
[0199]

Fig. 23 is a diagram showing a configuration of the speech
decoder 101 according to the second embodiment, and Fig. 24 is a
flowchart showing a procedure of speech decoding by the speech
decoder 101 shown in Fig. 23. The speech decoder 101 of Fig. 23 is
different from the speech decoder 1 according to the first embodiment in
that it further includes a frequency envelope superposition unit
(frequency envelope superposition means) 1q and that it includes a
time-frequency envelope adjustment unit (time-frequency envelope
adjustment means) 1p in place of the time envelope adjustment unit 1i
(1c to le, 1h, 1j and 1p are sometimes referred to also as a bandwidth
extension unit (bandwidth extension means)).

[0200]

The coded sequence analysis unit 1d analyzes the high
frequency band coded sequence supplied from the demultiplexing unit
la and thereby acquires coded supplementary information for high
frequency band generation and quantized time-frequency envelope
information.

[0201]

The coded sequence decoding/ dequantization unit le decodes
the coded supplementary information for high frequency band
generation supplied from the coded sequence analysis unit 1d and
thereby obtains supplementary information for high frequency band
generation, and dequantizes the quantized time-frequency envelope

information supplied from the coded sequence analysis unit 1d and
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I nteger satisfying the follow ng equation. [Equation 58] Fit (Qm)
-~mckFH(Q (M +1) - kX 1Q(rn)nii [0218] Further, it may be in the form
given by the follow ng equation. [Equation 59] (m s) FH (Qm+1)-k, -1
1E 0 (k k =F H (Q m)-k EE1l(k, $)+8 _

thereby acquires time-frequency envelope information.
[0202]
The frequency envelope superposition unit 1q receives a time
envelope Er{l,i) from the time envelope calculation unit 1g and
5 frequency envelope information from the coded sequence decoding/
dequantization unit le. Then, the frequency envelope superposition unit
1q calculates a frequency envelope from the frequency envelope
information and superimposes the frequency envelope onto the time
envelope. Specifically, the frequency envelope superposition unit 1q
10 performs this processing in the following procedure, for example.
[0203]
First, the frequency envelope superposition unit 1q transforms
the time envelope by the following equation.

[Equation 48]

EO(mai) = ET(lsl)

by = Fy (D)
Yok, =F,(+D)-T

1</<n,, Hs)<i<t(s+1), 0<s<s;

15
[0204]

Next, the frequency envelope superposition unit 1q divides the
high frequency band into mp(mg>1) number of sub-bands. The
sub-bands are represented as B®, (k=1,2,3,...,my). Further, for

20 simplification of the description, an array Gy having my+1 number of
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k=F H (Q m) -k, 0 <m< kmax- Ic", t(s)i <t(s +1), 0 s <s E 115 Note
that, however, the form of the above-described E2(mi) is not limted to

t he above exanples in the present invention. [0219] Then, the
frequency envel ope superposition unit I q calculates 5the quantity E(mi) by
the foll ow ng equation using the above-described E2(mi). [Equation 60]

E(mi) = (s)

indexes representing the boundary of the sub-band B, (1<k<my) as
factors is defined so that the signal Xy(j,i), Gu(k)<j<Gu(k+1),
t(s)<i<t(s+1), 0<s<sg corresponds to the component of the sub-band
B%,. Note that Gu(1)=ky, Gu(my+1)=Kpat1.
5 [0205]
Then, the frequency envelope superposition unit 1q calculates
the frequency envelope by the following equation.

[Equation 49]

1 10.1xsf,. (k,5)
EF,dec(k9S)_1O Sd S, ISkSmH,

0<s<s,

10 where sfye.(k,s) (where 1<k<my, 0<s<sg) is a scale factor corresponding
to the sub-band B*,..
[0206]
Note that the frequency envelope may be calculated by the
following equation.

15 [Equation 50]

Ep 4. (kys) =64x2%00 0 1<k <m,

0<s<s,

In this embodiment, the form of Epg4..(k,s) is not limited to the above

example.
[0207]

20 The frequency envelope superposition unit 1q calculates
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O<nmxki,,,ax-kx, t(s)i<t(s+1l), (]Isf <skE

given by the follow ng equation. 10[ Equation 61] t(s+1)-1 knmax -k,

A(s) =

10

15

20

i=t(s)p=0 t(s+1)-1 kmax -kx

sfuec(k,s) as follows. First, the values of sfy..(k,s) corresponding to
several sub-bands are set as constant numbers that are not dependent on
time as represented by the following equation (hercinafter, a set of
indexes k corresponding to those sub-bands is denoted as Nc).

[Equation 51]
.k, s)=C, Vke N,, 0<s<s,

Although the value of C may be C=0, the value of C is not specified in
this embodiment. Then, when the integer 1 is not included in the set N,
the frequency envelope superposition unit 1q acquires the scale factor
sfuec(1,8), 0<s<s from the frequency envelope information.

[0208]

After that, the frequency envelope superposition unit 1q repeats
the processing of the following (Step k) from k=2 to k=my and
calculates the above-described scale factor.

(Step k)

When the integer k is not included in the set N, a difference in scale
factor dsfy.(k,s), 0<s<s is acquired from the frequency enveclope
information, the scale factor is calculated by the following equation:

[Equation 52],

S tee (K>8) = 8 oo (k —1,8) + dsf . (K 5)

0<s<s,

and 1 is added to the integer k and then the process proceeds to the next

(Step k). On the other hand, when the integer k is included in the set N,
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1E209,0 +E i=t(s)p=0 0 S < SE [0220] Further, it may be the
foll ow ng equation. [Equation 62] t(s+1l)-1lcmax-k, 1E10 C(S)
=i=t(s) p=0 t(s+1)-1kmax-kx

1 is added to the integer k as it is and then the process proceeds to the
next (Step k).
[0209]
Further, in the case of receiving a difference in scale factor
5 sfeec(1,8), 0<s<sg from the frequency envelope information, the
processing in the above Step k may be performed by calculating
sT4ec(0,8), 0<s<sg using the low frequency band component of the signal
in the frequency domain received from the band splitting filter bank unit
Ic. For example, in the equations 63, 64 and 65 described later, X(j,i)
10 may be replaced with X.(j,i), and sf(0,s) calculated using a specified k,
and kj, satisfying 0<k,<k,<k, where k=0 may be set as sfy.(0,s).
[0210]
In this example, differently from the above-described example,
the frequency envelope information may correspond to the scale factor
15 sfaec(k,s) itself. Further, the frequency envelope information may be a
difference dtsf(s,k), 1<s<sg, 1<k<my in the time direction when
calculating the scale factor sfy.(k,s), 1<k<my in the s-th (s>1) frame by
the following equation using the scale factor sfy.(k,s-1) in the (s-1)th
frame.

20 [Equation 53]
Sf ..k, 8)=sf, (k,s—1)+dtsf (s,k),

1<k<m,, 1<s<s,

In this case, however, sfu(k,0), 1<k<my corresponding to the initial

value is acquired using another way such as the above-described
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E2 03, 0 +E i=t(s)p=0 O S < Ss [0221] The tinme-frequency envel ope
adjustnent unit | p adjusts, using the tine-frequency envelope EI(mi)
supplied fromthe frequency 5 envel ope superposition unit |q, the

ti me-frequency envel ope of the high frequency band signal Xn(j,i),

| cx<j <ki nax supplied fromthe high frequency band generation unit |h

[0222] It should be noted that the first to sixth alternative exanpl es of
10 the speech decoder 1 according to the first enbodi nent of the invention
may be applied to the speech decoder 101 according to the second enbodi nent

of the i nventmiec%ﬂod-

[0211]
Further, the scale factor of the sub-band may be calculated using
interpolation or extrapolation from at least one of the scale factor of the
5 low frequency band component and the scale factor of the sub-band of
the high frequency band. In this case, the frequency envelope
information is the scale factor of the sub-band to be used for the
interpolation or extrapolation and an interpolation or extrapolation
parameter within the high frequency band. For calculation of the scale
10 factor of the low frequency band component, the low frequency band
component of the signal in the frequency domain received from the

band splitting filter bank unit 1¢ is used.

[0212]
The interpolation or extrapolation parameter may be a specified
15 parameter, Further, the interpolation or extrapolation of the scale factor
may be made by calculating a parameter to be actually used for
interpolation or extrapolation from the specified interpolation or
extrapolation parameter and the interpolation or extrapolation parameter
contained in the frequency envelope information. Furthermore, in at
20 least one of the cases where the frequency envelope information is not
received and where the frequency envelope information does not
contain the interpolation or extrapolation parameter, the interpolation or
extrapolation of the scale factor may be made using the specified
interpolation or extrapolation parameter only. Note that, in this
25 embodiment, a method of interpolation and extrapolation is not

particularly limited.
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[0223] Fig. 25 is a diagramshow ng a configuration of a speech 15 encoder
102 according to the second enbodi nent, and Fig. 26 is a flowhart show ng
a procedure of speech encoding by the speech encoder 102 shown in Fig. 25.
The speech encoder 102 of Fig. 25 is different fromthe speech encoder 2
according to the first enbodinent in that it further includes a frequency
envel ope information calculation unit 2n. [0224] The frequency

envel ope information cal culation unit 2n receives the high frequency band
signal X(j,i) {O<j<N, O<i<t(sg)} fromthe band 5 splitting filter bank
unit 2c and gﬁbf#Lates t he frequency envel ope information. Specifically,
cal cul ation frequency envel ope information is perfornmed as foll ows.

L0228 ot aes L0V SRl GEUTRENGASy <pRmn R eoptal o il
(where k=1, 2.380ve-is bt Bife idx@nift] 2Md MO nRGuBE IR fdrEAvwstibAp £33 5%0-1 k.,
parameter representing variation of the signal power or the signal
5 amplitude in the frequency direction for each sub-band of the high
frequency band. In this embodiment, the form of the frequency envelope
information is not particularly limited.
[0214]
Then, the frequency envelope superposition unit 1q transforms

10 the above-described Er(k,s) using the following equation.
[Equation 54]

E,(m,5) = E; 4,0 (k, 5)

I ky =Gy (k)
Uk, =G+ D) -1

1<k<n,,

0<s<s,

[0215]
Then, the frequency envelope superposition unit 1q calculates
15 the quantity E»(m,i) by the following equation using the time envelope
Ey(m,i) and the frequency envelope E;(m,i) transformed as above.

[Equation 55]
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(j, E(k, s) --="-t(s) (t(S+1) - t(S) (kh+ 1) =GH(k), kh = GH(k +1)
-1, 0 s < sg [0226] 15Next, the frequency envel ope information cal cul ation
unit 2n cal cul ates the scale factor sf(k,$), 1<k<mll of the sub-band Bk.
The val ue of sf(k,$) is calculated by the follow ng equation, for exanple.

[ Equation 641 sf (k,$) = 101ogl0 EF(k,$), = GHA(k),= GH(k +1)-1, 11(nifi,<
sk [0227] Further, the frequency envel ope information cal culation unit 2n
may cal cul ate the value of sf(k,$) by the follow ng equation in

E,(m,i)y=E (m,s)-E,(m,i)
0<m<k_ —k.,

t(s)<i<t(s+1), 0<s<s,

[0216]
Further, the above-described E,(m,i) may be in the form given

by the following equation.

5 [Equation 56]
kmax _kx
E,(m,i)=E (m,s)- > E,(k,i),
k=0
O0<m<k_ —k_,

t(s)<i<t(s+1), 0<s<s,

[0217]

Further, it may be in the form given by the following equation.

[Equation 57]
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5accordance with the nethod described in "I SO I EC 14496-3 4. B. 18".

[ Equati on 65]

kr=GH(k), kh=GH(k+1)-1,<skE Further, it nay be set by the

foll owi ng equation [ Equation 66] 10sf(k,$)=C, Vk e N' 0< s < sE in

accordance wi

th the speech decoder 101. [0228] Then, the frequency

envel ope information calculation unit 2n may set the frequency envel ope
informati on as the above-described 15 scale factor sf(k, s) (14<nll).

Furt her, the

frequency envel ope information may be in the formof the

foll owi ng equation. Specifically, a difference in the above-described scal e

factor sf(Kk,

s) is defined by the foll opxﬁ{@@(%qql)j_gg_l[ Equation 67],

E,(m,i)=E (m,s)- ZEO(k,i),

k=Fy (Q(m))~k,

H(s)<i<t(s+1), 0<s<s,
where Q(m), 0<m<k.-k, is an integer satisfying the following
equation.

[Equation 58]

Fy(Qm)) =k, <m < 1y, (Q(m) +1) - k,

1<QO(m)<n,

[0218]
Further, it may be in the form given by the following equation.
[Equation 59]
. El (m, S) F (Q(m)+1)—k, -1 .
E,(m,1) = Fy (Q(m)+)—k, -1 ' - (QZ(: fok(ka i),
Y E(ks)y+e| T
k=Fy (Q(m))~k,
0<m<k_ —k

t(s)<i<t(s+1), 0<s<s,
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dsf (k , s) =sf (k, s) - sf (k -1, s), 0 s <sE, 2 k tnH and dsf(k,$) and
sf (1, $) (0<s<s) may be used as the frequency envel ope information. 5[0229]
Further, |ike the frequency envel ope superposition unit |1 q of the speech
decoder 101 according to the second enbodi ment, the above-described scale
factor sf(0,%) nmay be cal cul ated using the | ow frequency band signal
X(j,i)(01<kx) in the frequency domain, and 10dsf(1,%$) cal cul ated by the
scale factor sf(0,%$) may be contained in the frequency envel ope

i nformation. [0230] Further, the frequency envel ope i nfornmation nmay

b i I
L T o L Fa

15 factor of requéncy band 1 s approxi na y

the scale fa%glﬁi&ecpfq ﬂqféeaﬁowéxaﬁ%@@ﬁlyth%ﬁje}es&ﬁwm Further, the

frequency envel ope information rmy be t scal e factor of the sub-band and
the interpol §opp or extrapolation parameter within the high frequency band
when cal cul ating 'a part different from several sub-bands 20fromthe scal e
factors of these s@#henathesfieghemss entelope dupghpdsitiemamdty 1hacadcilytassi ng
interpolation or extrapolation. A conbination of the fornmer and latter
forns Sy bethmquamt?dqﬁm,y) bytled tolbowimgoequatioorusif@us1jbansdescnded in this
i nventi on, t%e(f r_;aquency envel ope i nformation

2iM,1).

[Equation 60]

E(m,l) — C(S) ) E2 (mai)a
OS m Skmax _kx9

t(s)<i<t(s+1), 0<s<s,

The coefficient C(s) is given by the following equation.
10 [Equation 61]
f(s+1)—1 k. —k,

y 7 E,(p,i)
C(S) _ i=t(s) p=0

Hs+D—1ky,, —k,

Z ZEz(p,i) + &

i=t(s) p=0

0<s<s,

[0220]
Further, it may be the following equation.

[Equation 62]
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is not limted to the above-described exanples. [0232] As a
quanti zati on and encodi ng nethod of the frequency envel ope information,
frequency envel ope information may be 5 scal ar-quantized and then

ent ropy- coded such as Huffrman coding and Arithnetic coding. Further,

t he

frequency envel ope informati on may be vector-quantized using a specified

code book and then its index may be set as a code.

t he

[ 0233] 10Specifically,

t he above-described scale factor sf(k,$) may be scal ar-quantized and then

ent ropy- coded such as Huffman coding and Arithnetic coding. Further,

Fur t her nor e,

t he

above- descri bed dsf (k, $) may(j?gqakar -gdanti zed and then entropy-coded.

t he above- descr i scale—hact or sf(k,$) may be
vect or-quanti zed using a 15spe@ified ¢C d@&(ﬁ??p then its index may be
Wbe flk

set as a code. Further, the a -de
usy ng a spec¢rt(ed couwelbook and then its index may be set
e ' ti zed scal e factor
, EDelta(k,$) may be

vect or-quanti z
as a code. Fur e,
sf(k,$) may be entropy- dotded1)0%z4}1 —%aFor exanpl
calculated by the follo

10

15

7$) may be

. ngEuat i ;a(ﬁ),nlj8

i=t(s) p=0

+ £

O0<s<s,
[0221]

The time-frequency envelope adjustment unit 1p adjusts, using
the time-frequency envelope E|(m,i) supplied from the frequency
envelope superposition unit 1q, the time-frequency envelope of the high
frequency band signal Xy(j,i), ki«<Sj<kmax supplied from the high
frequency band generation unit 1h .

[0222]

It should be noted that the first to sixth alternative examples of
the speech decoder 1 according to the first embodiment of the invention
may be applied to the speech decoder 101 according to the second
embodiment of the invention.

[0223]

Fig. 25 is a diagram showing a configuration of a speech
encoder 102 according to the second embodiment, and Fig. 26 is a
flowchart showing a procedure of speech encoding by the speech
encoder 102 shown in Fig. 25. The speech encoder 102 of Fig. 25 is
different from the speech encoder 2 according to the first embodiment in

that it further includes a frequency envelope information calculation
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EQ k, $)= I N max(sf(k, s),0) + 0.5), EDelta(k,$)= EQk,$)- EQk -1,%), 2 k
mMH5 0 <s < sk using sf(k,$) in the above-described equation in accordance
with the nmethod described in SO | EC 14496-3 4.B. 18", and Eneita(k,$) may
be Huf f man coded. 5[ 0235] Note that, when the integer 1 is included
in a set N, the above-described quantization and encoding of sf(1,$)
(O<s<sE) and dsf(1,%) (O<s<s) nay be omitted. [0236] 10Further, in the
present invention, quantization and encodi ng of the frequency envel ope
information are not limted to the above-descri bed exanples. [0237] The
first to fourth 7 ternative exanples of the speech encoder 2 15 according
to the first enbodi nent of the invention nay be applied to the speech
encoder 102 aggpfiding to the second embodi ment of the invention. For
exanple, Fig. 277 s a diagramshow ng a configuration when the first

al ternative exanpl Theffrdjuenspeacsloppdnfigmatioaceddiatign Laitt erddelds

enbodi nent of the invention is applied to the speech encoder 20102

accor di ng t o thédhighefrequerarybbahdreignabX(},Hhe{ Ghvbhn 0<ont(sHi} drorR&he baadf | owchar t

show ng a procedure of speech encoding by the speech
splitting filter bank unit 2¢ and calculates the frequency envelope

information. Specifically, calculation of the frequency envelope

information is performed as follows.

[0225]

First, the frequency envelope information calculation unit 2n

10 calculates the frequency envelope of the power on the sub-band B,

(where k=1,2,3,...,my) by the following equation.

[Equation 63]

ts+1)-1 k,

> Y|xGaf

_ i=t(s) j=k;
B = (t(s+1)—1(s))- (k, —k, +1)

k=Gyk), k,=G,(k+1)—-1, 0<s<s,

[0226]

15 Next, the frequency envelope information calculation unit 2n
calculates the scale factor sf(k,s), 1<k<mpy of the sub-band B®,. The
value of sf(k,s) is calculated by the following equation, for example.

[Equation 64]
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encoder 102 shown in Fig. 27. Further, Fig. 29 is a diagramshow ng a
configuration when the second alternative exanple of the speech encoder 2
according to the first enbodi nent of the invention is applied to the speech
encoder 102 according to the second enbodi ment of the 5invention, and Fig.
30 is a flowhart showi ng a procedure of speech encoding by the speech
encoder 102 shown in Fig. 29. [0238] [Third Enbodi nent] [0239] 10A third
enbodi ment of the present invention is described herei nbel ow. [0240]

Fig. 31 is a diagram showi ng a configuration of a speech decoder 201
according to the third enbodinment, and Fig. 32 is a 15 flowhart show ng a
procedure of ggﬁ%ﬁb,%?eﬁQHﬂdogg t hp ékegp decoder 201 shown in Fig. 31

The speech decdder ¥ of Fig.]@1 i‘s différent from the speech decoder 1
according to the first enbodinment in that it further includes a tine

envel ope calculation control unit is and that it includes a coded sequence
decodi ng/ degjanti gk@ unif, = gkz-(p-la ~efpvel dp€ Fdlust pent Ity KL

pl ace of the cbded uéice decodi deq anti zation unit r@gand the ti
envel ope adjustnment unit |i (1c toid, Ih, 1j, and Ir to it are sonetines
referred to di08387hs a bandwi dt h extension unit (bandwi dth extension
means)). [0241]

Further, the frequency envelope information calculation unit 2n
may calculate the value of sf{k,;s) by the following equation in
5 accordance with the method described in "ISO/IEC 14496-3 4.B.18".

[Equation 65]

$f () =log,| = Fy(k.9) |

k =G, k), k=G, (k+)—1, 1<k<m,, 0<s<s,

Further, it may be set by the following equation
[Equation 66]

sf(k,s)=C, Vke N, 0<s<s,

in accordance with the speech decoder 101.

[0228]

10

Then, the frequency envelope information calculation unit 2n

may set the frequency envelope information as the above-described

15 scale factor sf(k, s) (1<k<mpy). Further, the frequency envelope
information may be in the form of the following equation. Specifically,

a difference in the above-described scale factor sf(k, s) is defined by the

following equation
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25The coded sequence analysis unit id analyzes the high frequency band
coded sequence supplied fromthe denultiplexing unit 1a and thereby
obt ai ns coded suppl enmentary information for high frequency band generati on
and tine envel ope cal culation control information and further obtains coded
time envel ope information or coded second frequency envel ope information.

5[ 0242] The coded sequence decodi ng/ dequantization unit |Ir decodes

t he coded suppl enmentary information for high frequency band generation
supplied fromthe coded sequence analysis unit id and thereby obtains

suppl ement ar yr=1. 1 jon for high frequency band 10generation. [0243]
The hi gh fregEé%gc@grgm generati on unit 1h repI i cates, using the

suppl ement ary 4i J(mﬂtl on h| g fre generation supplied from
t he coded se c() gié‘c))é’-l'- C S 1r, the low 15 frequency

band signal Xcreca,i), 0<j <k) suppl ied fromthe band splitting filter bank

unit |Ic ont o)@ ‘F threqu qy]@&(l nd t hereby generates a high frequency
band signal Xdet( 'Q) Ek’x<j max. T ] The tine envel ope cal cul ation

control unit is checks, based on 20 the tine envel ope cal cul ation control

i nformation and;dsf(&ds)fandnsf(he)(ﬁﬁsféﬁ)mawbaamedmaltheifseqmnhty iedyelapet her t he
envel ope adjustment unit it is to adjust the envelope of the high frequency
band si gnal ifiongating. second frequency envel ope information. Wen the

envel gﬁe adj L"@z nt unit it does not adjust the envel ope of the high
frequehcy ba %QQnaI 25usi ng the second frequency envel ope information,

the coded SequenceFurther, like the frequency envelope superposition unit 1q of the

speech decoder 101 according to the second embodiment, the
above-described scale factor sf(0,s) may be calculated using the low
frequency band signal X(j,1)(0<j<ky) in the frequency domain, and
10 dsf(1,s) calculated by the scale factor sf(0,s) may be contained in the
frequency envelope information.
[0230]
Further, the frequency envelope information may be an
extrapolation parameter from the low frequency band when the scale
15 factor of the high frequency band is approximated by extrapolation from
the scale factor of the low frequency band component. Further, the
frequency envelope information may be the scale factor of the sub-band
and the interpolation or extrapolation parameter within the high
frequency band when calculating a part different from several sub-bands
20 from the scale factors of these several sub-bands of the high frequency
band by using interpolation or extrapolation. A combination of the
former and latter forms may be the frequency enveiope information.
[0231]

Note that, in this invention, the frequency envelope information
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decodi ng/ dequantization unit |Ir decodes and dequanti zes the coded tine
envel ope information supplied fromthe coded sequence analysis unit |d and
t hereby obtains the tinme envel ope information. On the other hand, when the
envel ope adjustnent unit It adjusts the envel ope of the high frequency band
signal using the second frequency envelope 5 information, the-tine

envel ope cal cul ation control unit is outputs a |ow frequency band tine
envel ope cal culation control signal to the |ow frequency band tinme envel ope
calculation units ifl to 1f and outputs a tinme envel ope cal cul ati on control

signal to thﬁshiogflrrﬁ& Ootplg&%?kg_t eg&]iigév‘g éf%z%rbgie% so that the envel ope

calculation is™n perTtorire quency band tine envel ope
cal culation ygbggyifl to 1f and the time envel ope calculation unit |g.
[ 0245] Further, the coded sequence decodi ng/ dequantization unit Ir

decodes and dequantAgzes qidaticadsesl 8€¢oastddiRguaieo® el theefredfiendif or mati on
supplied fromthe coded sequence analysis unit id and thereby obtains the

second frequemvglapey ehfopmatiohorthet fiequeey tdmelopan infirmatase mathebeenvel ope
adjustnment unit it adjusts, using the second frequency envel ope information
suppl i 2d frorscalae-qpadtided endethen etdnapyi-codedd syetaias i Hatfirom cedingland t he
frequency envel ope of the high 20frequency band signal XII(j,i)

(k4j <ki na",) Atippneteelicoding Eustherdhe firasiigasy pnvalapejatumatianmayibe | h.
P don, 3) 1 5 NSRIRTAUATRSHSIHeE Hpeabisausaulenk and then its idex e be 0
set as a code.
[0233]
10 Specifically, the above-described scale factor sfk,s) may be
scalar-quantized and then entropy-coded such as Huffman coding and
Arithmetic coding. Further, the above-described dsf(k,s) may be
scalar-quantized and then entropy-coded. Furthermore, the
above-described scale factor sf(k,s) may be vector-quantized using a
15 specified code book and then its index may be set as a code. Further, the
above-described dsf{k,s) may be vector-quantized using a specified code
book and then its index may be set as a code. Furthermore, a difference
of the scalar-quantized scale factor sf(k,s) may be entropy-coded.
[0234]
20 For example, Epen(k,s) may be calculated by the following
equation

[Equation 68]
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25dequanti zed second frequency envel ope information in accordance with the
cal cul ation nmethod of EF, dec(k,$) in the frequency envel ope superposition
unit 1 g of the speech decoder 101, and further the above-described E3(k, $)
is transforned by the followi ng equation. [Equation 69] E (m, = E3 (k , s)
-mkh = GH (k) kh =6, (k +1) - 1 k mH 0 S < SE 5[0247] After that,

t he high frequency band signal Y(i,j) t(s)kt(s+l), O<s<sg) whose envel ope
is adjusted in accordance with the procedure in the tinme-frequency envel ope
adjustnment unit I p of the speech decoder 101 is acquired. 10[ 0248]

E,(k,s)=INT(a max(sf(k,s),0)+0.5),
EDelta(kﬂs) = EQ(kDS) _EQ(k_LS):

2<k<m,, 0<s<s;

using sf{k,s) in the above-described equation in accordance with the
method described in "ISO/IEC 14496-3 4.B.18", and Epg.(k.s) may be
Huffman coded.

5 [0235]

Note that, when the integer 1 is included in a set N, the
above-described quantization and encoding of sf{l,s) (0<s<sg) and
dsf(l,s) (0<s<sg) may be omitted.

[0236]

10 Further, in the present invention, quantization and encoding of
the frequency envelope information are not limited to the
above-described examples.

[0237]

The first to fourth alternative examples of the speech encoder 2

15 according to the first embodiment of the invention may be applied to the
speech encoder 102 according to the second embodiment of the
invention. For example, Fig. 27 is a diagram showing a configuration
when the first alternative example of the speech encoder 2 according to
the first embodiment of the invention is applied to the speech encoder

20 102 according to the second embodiment of the invention, Fig. 28 is a

flowchart showing a procedure of speech encoding by the speech
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Note that the first to seventh alternative exanples of the speech decoder 1
according to the first enbodi nent of the invention may be applied to the
speech decoder 201 according to the third enbodi nent of the invention.

15[ 0249] Fig. 35 is a diagramshowi ng a configuration of a speech
encoder 202 according to the third enbodinent, and Fig. 36 is a flowchart
showi ng a procedure of speech encoding by the speech encoder 202 shown in
Fig. 35. The speech encoder 202 of Fig. 35 is different fromthe speech
encoder 2 according to the first enbodinent in that it further includes a

ti me envel ope cal,cul ati on control informatiaqn neration uni.it 2j and a

_sl_ﬁcond f rgq?&iwdﬁﬁ\@i&é@@“%ﬁ'ﬁ F%ti.};rfo l§. g%rvcﬁ}ga%i o’f’. %Hi%gréltél. S;{QY?'J@@]&_I o
e secon re ncy,.envel ope,i nf ormati on _cal.cul ati on, uni 0 recegjves e

e T T nen MRS heBC 28R LABR ) SXaraBlel Pr S soBEcH Y oo { e

band splitti £ r d |t -eguency
envel ope i nf g%n%)thl%g a(cgragﬁéggg%)ﬁggﬁﬁgglggﬁggﬁ%%&gﬁvéﬂﬁgﬁ%gﬁéhgcgcond
frequency en\&%l@eg-.peeé@reﬁ%a&nm%cegrcﬁ Gy tRE Qcdrit EffhotRMRn{TBRMEE as the
cal cul ati on nethod of the frequency envefope Iinformation 1 n the speech

encodes 102 &gQentibmdat® Rife 39eigondlovichLeirbRdwimita. pidtetiites o€ rsbeettrent
however, the cal cul ati on nethod of the second frequency envel ope

i nformati on iencodingby thesperchyencodet B2 shORhah Fig. 29. The
guanti zati on/ encodi ng unit 2g quantizes and encodes the tine envel ope

i nformation d0@38he second frequency envel ope 20 information. The

quanti zati on and encodi ng of the tine envel ope informati on may be perforned
in the same rdivet Egbadi@entianti zati on and encoding in the

guanti zat i on@gggﬂ;ng unit 2g of the speech encoder according to the first
and second e nts. The quantization and encodi ng of the second

frequggey envel ope 4 ng ol Bl h BSaiTEnt P8t the present invention is described

hereinbelow.
[0240]
Fig. 31 is a diagram showing a configuration of a speech
decoder 201 according to the third embodiment, and Fig. 32 is a
15 flowchart showing a procedure of speech decoding by the speech
decoder 201 shown in Fig. 31. The speech decoder 201 of Fig. 31 is
different from the speech decoder 1 according to the first embodiment in
that it further includes a time envelope calculation control unit 1s and
that it includes a coded sequence decoding/ dequantization unit 1r and
20 an envelope adjustment unit 1t in place of the coded sequence decoding/
dequantization unit le and the time envelope adjustment unit 1i {1c to
1d, 1h, 1j, and 1r to 1t are sometimes referred to also as a bandwidth
extension unit (bandwidth extension means)).
[0241]
25 The coded sequence analysis unit 1d analyzes the high

frequency band coded sequence supplied from the demultiplexing unit
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25perfornmed in the same manner as the quantization and encodi ng of the
frequency envel ope information in the quantization/encoding unit 2g of the
speech encoder according to the second enbodi nent. In this enbodi nent,
however, the quantization and encodi ng nmethod of the tine envel ope
information and the second frequency envel ope information is not
particularly limted. 5[0253] The tinme envel ope cal cul ati on contr ol
information generation unit 2j generates tinme envel ope cal cul ati on control
information using at |east one of the signal X(j,i) in the frequency donain

received fromthe, band splitting f nk unit ,2 t he t| el ope
nformation 1803RdcRe véap @O%%Ué’ﬁ&éwﬁérsi intstmationn fok Bahat i on
unit 2f, and.the seco envel gpe i nformati o cel ved . fromt he
second frequé’??&;‘z‘ E?Neg?ﬂfi: Eﬁ?&% c ulegf’F{‘?ﬂ?euﬁF[]c 19T SEHEL ng i n

Step S209 a rpati on nma
e the time LD %ﬂéﬁiﬁfoﬂﬁhﬁgoﬁ%@h?% ﬁ%“ren% bPEgBe hin A ’
15decoder 20@03@&9&56&1@? drR§ drive! eq descri bed above [ 0254]

The tinme envel ope cal cu on contr i nfor matl on generation unit 2j may be
the sage as {o2]of the first alter nat| ve exanpl e of the speech encoder 2
according to the first enbodi nent, for exanple. 20[0255] The tinme

envel ope cal cul at i The aoateddequshes retodingg elequanticmionnuhit2jr decwmiedt es t he
pseudo | ocally decoded hi gh frequency band signals using the tinme envel ope
i nformation &l todedesupplemeatargndpfarmetiompetarnfhighmatiesuencys paodi vel y,
and conpares themw th the or| ginal 25signal in the same manner as in the
first al terng@nvr@tl@namrdlqsif e e @@defgr%@luéncez aaabwidivmt tlel @Re fir st

f
enbodi ment l%rregxar@[ams suppr]ementary information for high frequency band

10 generation.
[0243]

The high frequency band generation unit 1h replicates, using the
supplementary information for high frequency band generation supplied
from the coded sequence decoding/ dequantization unit 1r, the low

15 frequency band signal Xqe.(j,i), 0<j<k, supplied from the band splitting
filter bank unit 1c onto the high frequency band and thereby generates a
high frequency band signal Xec(j,1), Kx<j<Kmax-

[0244]

The time envelope calculation control unit 1s checks, based on

20 the time envelope calculation control information supplied from the
coded sequence analysis unit 1d, whether the envelope adjustment unit
1t is to adjust the envelope of the high frequency band signal using the
second frequency envelope information. When the envelope adjustment
unit 1t does not adjust the envelope of the high frequency band signal

25 using the second frequency envelope information, the coded sequence

decoding/ dequantization unit 1r decodes and dequantizes the coded
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t he pseudo | ocally decoded high frequency band signal generated using the
second frequency envel ope information is closer to the original signal,

i nformation indicating adjustnent of the high frequency band signal using

t he second frequency envel ope information in the decoder 5 is generated as
the tinme envel ope calculation control information. The conparison between
each of the pseudo |ocally decoded high frequency band signals wth the
original signal nmay be nade by calculating a differential signal and
determ ni ng whether the differential signal is small or not, for exanple.

Further, th ' be..nmade by | at i h i avel

of cach of ¢ HUNRAYEIoHe TR el drot L adle Beoict lBRER, The
each of tHE? APTy=Hee. . he

The psoudo T onhl 1 R ke Ratts e S ke dn oo, PR bl °

signal , and I R i 4 i
g delrer '%Hﬁrf‘&ev\@me:l%e Eq_iglsﬁhéﬁﬁul‘ﬁ'ﬂ% aldfustBid c_er?s.Fel(\BIt}Aqu%a of the

Furthernore, the conparison be made by determ ni ng ther the

maxi mum val uehigh filequehéy et istgndli aBily fthemddbadorficguaaty sebpand/ or
the difference in the envelope is snmall or not. In this enbodi nent, the
conpar fson neihfmthdtsomadhe tinm ervelope calaNaticx aompirelsunif 02 B6kpad Ehiew | ne

envel ope cal cul ation control information generation unit 2] may further use
at | east one fao¢quemeyqgbamd itred @ﬂv@ommﬂ@g&tlimf@mrﬁnsiﬂia]gnalntb tthe lgwant i zed
second frequency envel ope .i nformati on when, generating the tine envel ope

cal cul ati on deeduesicyi bamsk tiaei velop saipulatignenits &t dedde aadppiterist ar y
information for high frequency band neration received fromthe,

quanti zat i on/%ﬁ@@&%ﬁ@ﬂ?rﬁ C‘-a@ l%ﬁon’érgESllgP toe‘qlp\f,'é;}rg?)gngg]p@mcg Guiiennt r ol

nfor el on gt ASokel I, U BLeBUER oD, 3 Ak b 3 g 1
SCAUTBE CorSSLRELEAN b cHONE ISR R L S91500N O gRec
CHher 20 Coraigscabagaunel g (1 coded e envelope it or e on
[0245]
Further, the coded sequence decoding/ dequantization unit 1r
decodes and dequantizes the coded second frequency envelope
15 information supplied from the coded sequence analysis unit 1d and
thereby obtains the second frequency envelope information. Further, in
this case, the envelope adjustment unit 1t adjusts, using the second
frequency envelope information supplied from the coded sequence
decoding/ dequantization unit 1r, the frequency envelope of the high
20 frequency band signal Xu(j,i) (kSj<kpmex) supplied from the high
frequency band generation unit 1h.
[0246]
Specifically, the quantity Es(k,s), 1<k<my, 0<s<sg
corresponding t0 Ergedk,s) is calculated using the decoded and
25 dequantized second frequency envelope information in accordance with

the calculation method of Epgd(k,s) in the frequency envelope
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Note that the first to fourth alternative exanples of the speech 10
encoder 2 according to the first enbodi nent of the invention may be applied
to the speech encoder 202 according to the third enbodi ment of the

i nvention. [0259] [Fourth Enmbodi nent] 15[ 0260] A fourth enbodi nent of
the present invention is described hereinbelow [0261] Fig. 33 is a diagram
showi ng a configuration of a speech 20 decoder 301 according to the fourth
enbodi ment, and Fig. 34 is a flowhart showi ng a procedure of speech
decodi ng by the speech decoder 301 shown in Fig. 33. The speech decoder 201

of Fig. 33 is different fromth eech decpder, 1%cord' 0 the first

enbodi ment i AUPHROSIHON Hr“fthtT i© cﬁ"%déee%? ideEoden, di gpear&‘%l Sti'9f control
it d l- j b Jo that it

el udes - capai SEBRLEARTIF RERSHRREENY SRaBUERhe Fafbillf 2

time-frequengp ,@ygbope adjustment unit Iv in place of the coded sequence
decodi ng/ deguglrl]tl zat?]gn unit le and the tinme envel ope adjustnent unit ii,

respectively ( leh Lhrdjszlr fo Ils, and lu to Iv are sonetines
referred to alg(w,ald})a'rrdﬂgt xsgnsi on unit (bandw dt h extension

5neans)).
Tk =G k+ ) -1

1<k<m,,

0<s<s,

5 [0247]

After that, the high frequency band signal Y(i,j) {k:<i<kmaxs
t(s)<i<t(s+1), 0<s<sg} whose envelope is adjusted in accordance with
the procedure in the time-frequency envelope adjustment unit 1p of the
speech decoder 101 is acquired.

10 [0248]

Note that the first to seventh alternative examples of the speech
decoder 1 according to the first embodiment of the invention may be
applied to the speech decoder 201 according to the third embodiment of
the invention.

15 [0249]

Fig. 35 is a diagram showing a configuration of a speech

encoder 202 according to the third embodiment, and Fig. 36 is a

flowchart showing a procedure of speech encoding by the speech
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[ 0262] The coded sequence analysis unit |d analyzes the high
frequency band coded sequence supplied fromthe denultiplexing unit |la and
t her eby obtai ns coded suppl enentary information for high 10 frequency band
generation and tinme envel ope cal culation control information and further
obtains coded tinme envel ope information and coded frequency envel ope

i nformati on or coded second frequency envel ope information. [0263] 15The
ti me envel ope cal culation control unit is checks, based on the tine

envel ope cal cul ation control information supplied fromthe coded sequence

envel ope of 1SSHFBROr Tibingy TknaSERC ST ete! ezt Fidaxilhey
envel ope i nf %ﬁ%}élﬁrﬁcgﬂqhe\_eﬁ@&ht 5By olp iR 1§ Y ISTRbddfient Jn d0es not

adj ust the envelope o I gh Trequency st ghal using the second

frequency envghpRefuriHetiA®uIe a fie ¢ esleangRndes At nafordeairnt i zation
unit |Ir decodes and dequantizes the coded tinme envel ope i nfornmation

suppl i ed fromdnkeativadaghis ejueince angiyad sfrequendyl aneléperiafiyrnedtiai ns the
ti me envel ope information. 25[0264] On the other hand, when the envel ope

adj ust frent undalculationjpngtZo. the envel ope of the high frequency band si gnal
using the second frequency envel ope information, the sanme processing as in
Step S190 of [0R&01 hird enbodi nent is performed. Further, the proce55| ng of

55101 of the thi ?éﬁ%ﬁﬁéﬁ&i’%&%ﬁve IS s S e o P
(1154, L0, Seronth 2l LECTaLA e, SXAID!eh Pl e SPEPED Seoden pesardi o (o
301 accordi n%és%s];p?rom the band splitting filter bank unit 2¢ and calculates the
10 second frequency envelope information (processing in Step S207).
[0251]
The second frequency envelope information may be calculated
in the same manner as the calculation method of the frequency envelope
information in the speech encoder 102 according to the second
15 embodiment. In this embodiment, however, the calculation method of
the second frequency envelope information is not particularly limited.
[0252]
The quantization/encoding unit 2g quantizes and encodes the
time envelope information and the second frequency envelope
20 information. The quantization and encoding of the time envelope
information may be performed in the same manner as the quantization
and encoding in the quantization/encoding unit 2g of the speech encoder
according to the first and second embodiments. The quantization and
encoding of the second frequency envelope information may be
25 performed in the same manner as the quantization and encoding of the

frequency envelope information in the quantization/encoding unit 2g of
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10f ourt h enbodi ment of the invention. [0266] Fig. 37 is a diagram
showi ng a configuration of a speech encoder 302 according to the fourth
enbodi ment, and Fig. 38 is a flowhart showi ng a procedure of speech
encodi ng by the speech 15 encoder 302 shown in Fig. 37. The speech encoder
302 of Fig. 37 is different fromthe speech encoder 2 according to the
first enbodinent in that it further includes a tine envel ope cal cul ation
control information generation unit 2j, a frequency envel ope information
cal culation unit 2p, and a second frequency envel ope information

o) 2 a8 AR VST 2 o
nior et on SibaieRe HOs L THET A SRAEL O BHORTR ARG raent 22t on

manner 25as g qeﬁwlbéélt iRforARERN R NGel ekBfd AYrRRfueAdy | @avEldpedi ng unit
2g of the speech encoder according to the first and second enbodi nents. The

quanti zat i onigfieematiends Aot partichearty Baligdcy envel ope information and the
second frequency envel ope 1 nformati on nay be perfornmed in the same nanner

as thes quant [@43]Jon and encodi ng of the frequency envel ope information in
the quanti zation/encoding unit 2g of the speech 5 encoder according to the
second enbodi nent . The timeseryelope wakulatimwsesirol tihtormedion ganeratioand

encodi ng nmethod of the tine envel ope inf ?r mation and the second frequency

A p X
envel ope i nf 8RHed)i gFReraien sing anyslene galcplation eepfrol whewnatierrHaing; ate

B T
it i 2c. 't ne ORrhe TR S Pab Rt c B A% BRAIGE ohotibhi ope
Inforpgtion ealGil PN i imeXnvelde information calculation unit 2f, and the
second frequency envelope information received from the second
frequency envelope information calculation unit 20 (processing in Step
S209). The generated time envelope calculation control information
may be the time envelope calculation control information in the speech
15 decoder 201 according to the third embodiment described above.
[0254]
The time envelope calculation control information generation
unit 2j may be the same as that of the first alternative example of the
speech encoder 2 according to the first embodiment, for example.
20 [0255]
The time envelope calculation control information generation
unit 2j generates the pseudo locally decoded high frequency band
signals using the time envelope information and the second frequency
envelope information, respectively, and compares them with the original
25 signal in the same manner as in the first alternative example of the

speech encoder 2 according to the first embodiment, for example. When
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15 frequency envel ope information received fromthe frequency envel ope
information calculation unit 2p, and the second frequency envel ope
information received fromthe second frequency envel ope information
calculation unit 20 (processing in Step S250). The generated tinme envel ope
cal culation control information may be the tinme envel ope 20 cal cul ation
control information in the speech decoder 301 according to the fourth
enbodi ment. [ 0269] The tinme envel ope cal culation control information
generation unit 2j may be the sane as that of the first alternative exanple

f the 25 h d di the first enbodi t.,, for. I
Fur ther - & ho (0F RS AR sty SSiRH et Ao ey Dond AR S oR e dFEB on' uni
2 be th . i ng.: 1. he third
ehbod ment . 157 Seafi ieReByophGRBE o BRGRIE js LR M Wit o 1
i nformation g .l,aﬁﬁq%?maﬁ.oﬂ“i'n’d%c%]tin%eﬂﬁ'h%ﬁ?ntt 8?1]%%‘ f E% ded hi gh
frequency band”signals using the tirnme ‘envel ope informatioh, the frequency

envel ope i nf ejgfil @@kt sd@nieredteddyearioye feenateniinftie Mecbads

respectively, and conpares themwth fhe original signal in the same nmanner
as in $he firistgeattat¢datithie tanampivelope ¢dieulapeaaontrdddésrntatiol) Becor di ng
to the first enbodi nent, for exanple. Wen the pseudo |ocally decoded high
frequency bandngagisain bpweenteadh wsithg psdeicskcaly decededthigh frege¢npe
information is closer to the original signal, information indicating

adj ust nent ofbandesigngls witgthe oyigiaaldsignghanay Sengadneby sedgidatingquency

oo eur ot on ChBrestial mnaleer el maming Whether the differential' signal 16 *°
small or not, for example. Further, the comparison may be made by

10 calculating the time envelopes of each of the pseudo locally decoded
high frequency band signals and the original signal, calculating a
difference of the time envelopes of each of the pseudo locally decoded
high frequency band signals and the original signal, and determining
whether the difference is small or not. Furthermore, the comparison may

15 be made by determining whether the maximum value of the differential
signal from the original signal and/or the difference in the envelope is
small or not. In this embodiment, the comparison method is not limited
the above examples.

[0256]

20 The time envelope calculation control information generation
unit 2j may further use at least one of the quantized time envelope
information and the quantized second frequency envelope information
when generating the time envelope calculation control information.
[0257]

25 When the coded supplementary information for high frequency

band generation received from the quantization/encoding unit 2g and
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The conpari son between each of the pseudo |ocally decoded high frequency
band signals with the original signal may be the sane as in the tine

envel ope cal cul ation control information generation unit 2j 200of the speech
encoder 202 according to the third enbodi nent, and the conparison nethod is
not particularly limted in this enbodi nent. [0272] The tinme envel ope
cal cul ation control information generation unit 2] may further use at | east
one of the quantized tine envel ope 25informati on, the quantized frequency
envel ope information and the quanti zed second frequency envel ope

izﬁm::zg 15 5 S8 o yaaciarioh (ol SnBRAG Aot ARG RAUIER 1 or o
and | 5 the ??%@92%5 Bapd iR e e B %oﬁh%%%f#@{é@%ﬁ%? FRELRBeLD: 1 ne
high fr eq“e”‘fr}’foﬁ%ﬁﬂgﬁ'lﬁ%'e Ji’é’co%@%gZgﬁdcé!&éd‘sécﬂﬁnéé%ﬁgtrﬁéﬁtgﬂ‘*’Lﬂﬁb’zg”Ve' ope

information in t ecoder, the sequence construction unit

constructs tgndthedts fth@qugnc]sfe@@éﬁt}cadﬁai el eHé NBind1ehe ediddsecond
frequency envel op information and Ot herw se constructs the 10sanme with the

oo o PSSRt o s s conssiayie
same using the coded time envelope information otherwise (processing
in Step S211).

[0258]
Note that the first to fourth alternative examples of the speech
10 encoder 2 according to the first embodiment of the invention may be
applied to the speech encoder 202 according to the third embodiment of
the invention.
[0259]
[Fourth Embodiment]
15 [0260]
A fourth embodiment of the present invention is described
hereinbelow.
[0261]
Fig. 33 is a diagram showing a configuration of a speech
20 decoder 301 according to the fourth embodiment, and Fig. 34 is a
flowchart showing a procedure of speech decoding by the speech
decoder 301 shown in Fig. 33. The speech decoder 201 of Fig. 33 is
different from the speech decoder 1 according to the first embodiment in
that it further includes a time envelope calculation control unit 1s and a
25 frequency envelope superposition unit 1u and that it includes a coded

sequence decoding/ dequantization unit 1r and a time-frequency
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Note that the first to fourth alternative exanples of the speech encoder 2
according to the first enbodi nent of the invention may be 15applied to the
speech encoder 302 according to the fourth enbodi nent of the invention.
[0275] [Eighth Alternative Exanpl e of Speech Decoder According to First
Enbodi ment] 20In this alternative exanple, in the time envel ope cal cul ation
unit 1g of the speech decoder 1 according to the first enbodi nent,
processi ng based on a specified function is performed on the cal cul at ed
ti me envel ope. For exanple, the tinme envel ope calculation unit 1 g

10 T2 ol SAUSkARE LTRSS drive TR ek eignggne 250
T (1, t (S dequanfizatidd sunif) tel ahd™ the (She envelope adjustment unit 11,
respectively (1c to 1d, 1h, 1j, 1r to 1s, and lu to 1v are sometimes
referred to also as a bandwidth extension unit (bandwidth extension
5 means)).
[0262]

The coded sequence analysis unit 1d analyzes the high
frequency band coded sequence supplied from the demultiplexing unit
la and thereby obtains coded supplementary information for high

10 frequency band generation and time envelope calculation control
information and further obtains coded time envelope information and
coded frequency envelope information or coded second frequency
envelope information.

[0263]

15 The time envelope calculation control unit 1s checks, based on
the time envelope calculation control information supplied from the
coded sequence analysis unit 1d, whether the envelope adjustment unit
1v is to adjust the envelope of the high frequency band signal using the
second frequency envelope information and, when the envelope

20 adjustment unit 1v does not adjust the envelope of the high frequency
band signal using the second frequency envelope information, the coded
sequence decoding/ dequantization unit 1r decodes and dequantizes the
coded time envelope information supplied from the coded sequence
analysis unit 1d and thereby obtains the time envelope information.

25 [0264]

On the other hand, when the envelope adjustment unit 1v adjusts
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t(s)i<t(s +1), Os <sE In this alternative exanple, after the tine envel ope
ET" (1, 1) is calculated, processing of replacing the value ET(1, i) wth

the value ET' (1, i) can be done since then. 5[0276]

According to this

alternative exanple, only the tenporal shape of the high frequency band
signal X41,0 (Fu(1)<I<FI(1+1)) wthin the frequency band F41/ 1<F41+1) of
anount of energy of
the frequency band 10F11(1)1<F11(1+1) in the frame s of the high frequency
band signal Xlia, generated by the high frequency band generation unit | h.

0277 t | @ t : I
[1 achrdi ng Elgptfﬁlg% Plﬂ%estd'f:t O%{%{ﬁ;ﬁé%ﬂ%&bgﬁ%ﬁﬁggﬂaﬁgg{%
seventh a'teTﬂﬁﬁkM@yEﬁﬁﬂﬁbé§nﬁﬁnﬁﬂ%n§ﬂﬁﬁﬁ@n@ﬁﬁﬂﬁ@ﬁnéEQQﬁQﬁ hBYOYRft he first

the frame s can be adjusted w thout changing the total

enbodi nent an

t h decoder
gﬁgﬁgﬁﬁﬁgst to 15

he 'speech” decoders according to the second to fourth

enbodi nent s, tlndhirdnetibodimase is Efdriormed. nByrther, r thel pesebsvinkhoEGEe O.
[0278] 20[Ninth Alternative Exanple of Speech Decoder According to First
Enbodi ment] timg-fieguan¢yeenatlope adysmtment untiely ishasé ithe same as-inhStepw

frequency . .
5 S191 of the third embodiment.

[0265]

It should be noted that the first to seventh alternative examples

of the speech decoder 1 according to the first embodiment of the

invention may be applied to the speech decoder 301 according to the

10 fourth embodiment of the invention.

[0266]

Fig. 37 is a diagram showing a configuration of a speech

15

20

25

encoder 302 according to the fourth embodiment, and Fig. 38 is a
flowchart showing a procedure of speech encoding by the speech
encoder 302 shown in Fig. 37. The speech encoder 302 of Fig. 37 is
different from the speech encoder 2 according to the first embodiment in
that it further includes a time envelope calculation control information
generation unit 2j, a frequency envelope information calculation unit 2p,
and a second frequency envelope information calculation unit 2o.

[0267]

The quantization/encoding unit 2g quantizes and encodes the
time envelope information, the frequency envelope information and the
second frequency envelope information. The quantization and encoding
of the time envelope information may be performed in the same manner
as the quantization and encoding in the quantization/encoding unit 2g of

the speech encoder according to the first and second embodiments. The
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band tinme envel ope calculation units 1 fl to if of the speech decoder 1
according to the first enbodi nent acquire the tinme envelope LI(k, i) by
snoot hing the quantity Lo(k, i) in the tinme direction, Lo(k,i)
(t(s)-d<i<t(s)) is stored upon transition fromthe frame s-1 to the frane
s. 5 This alternative exanple allows snoothing of the quantity Lo(k, 1)
(to be specific, Lo(k,i) (t(s)<i<t(s)+d)) of the frame s that is close to
t he boundary with the frame s-1. [0279] The ninth alternative exanple of
the speech decoder 1 according 10 to the first enbodinment is also

I ble to t : h
P Ca0 @ L bl Rl o 48! HebEEHAbGS iBfrhhRoRnEE
according to theeseésﬁenﬁeg&ﬁ UEA Vel §P0 GRfIRIN DN &Q@SQ& rﬁe?hﬁh{efdhnﬁltﬁ@rnat ive
Exanpl e of Speech Encod ording to First Enb

al ternative exan®lmanhdie Ralledll Qidneizatibnt Bﬁdteﬁ@)cﬁﬂ%ebﬁﬂﬁel filequgAEy on i n
the tinme envel ope information cal culation unit 2f of the speech encoder 2

accor di ng to drhveldpe siformbidol irethe qeaniation/edodameuni2 @grofi the speectel at i on
between a reference tinme envelope H(1,i) and the above-described g(1,i).

For exanpl e, anveder mecerdinRofse tﬁ fS@lCnndl @nbodlm@ntatlnothlan¢mbalﬂ1m%ntcul ates
the tinme envel ope informatign as foll ows. L

Speci fi cal | y, howevsty thequantieaiar aadeqmoeimg (qgt odtafclhs e, evedeRe 25g( 1, i)

is cal cul ated the follow ng equat
?grmatlon and V\fle $etn f‘requency envelope information is not

particularly limited.
[0268]

10 The time envelope calculation control information generation
unit 2j generates time envelope calculation control information using at
least one of the signal X(j,i) in the frequency domain received from the
band splitting filter bank unit 2c, the time envelope information
received from the time envelope information calculation unit 2f, the

15 frequency envelope information received from the frequency envelope
information calculation unit 2p, and the second frequency envelope
information received from the second frequency envelope information
calculation unit 20 (processing in Step S250). The generated time
envelope calculation control information may be the time envelope

20 calculation control information in the speech decoder 301 according to
the fourth embodiment.

[0269]
The time envelope calculation control information generation
unit 2j may be the same as that of the first alternative example of the

25 speech encoder 2 according to the first embodiment, for example.

Further, the time envelope calculation control information generation
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[ Equati on 71] L(H(1,i)- Ha"(1))(g(1,i)- save (1)) i=t(s) L(g(L,i) -
i=t(s) 11 nH, t(s) i <t(s +1), 0 s <s The correlation coefficient
corr(1l) is conpared with a specified threshold, and the tine envel ope
information is cal cul ated based on the conparison result. Alternatively, a
val ue corresponding to corr2(1) may 5 be calculated and conpared with a
specified threshold, and the tinme envel ope informati on may be cal cul ated
based on the conparison result. [0282] For exanple, the time envel ope
information is calculated as foll ows: Assum ng that the specified threshold

(9 b compar gt e, 10955 o201 HISHL ShelaEEILLET B RIRENLT) 1 S
by the fol | oyghiRAERbbAMedtEE N ApIE2]
[0270]
The time envelope calculation control information generation
5 unit 2j generates the pseudo locally decoded high frequency band
signals using the time envelope information, the frequency envelope
information and the second frequency envelope information,
respectively, and compares them with the original signal in the same
manner as in the first alternative example of the speech encoder 2
10 according to the first embodiment, for example. When the pseudo
locally decoded high frequency band signal generated using the second
frequency envelope information is closer to the original signal,
information indicating adjustment of the high frequency band signal
using the second frequency envelope information in the decoder is
15 generated as the time envelope calculation control information.
[0271]
The comparison between each of the pseudo locally decoded
high frequency band signals with the original signal may be the same as
in the time envelope calculation control information generation unit 2]
20 of the speech encoder 202 according to the third embodiment, and the
comparison method is not particularly limited in this embodiment.
[0272]
The time envelope calculation control information generation
unit 2j may further use at least one of the quantized time envelope
25 information, the quantized frequency envelope information and the

quantized second frequency envelope information when generating the
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4, k(S)= 09 Au(S) = const(0) corr(1) < corrh(1) Aur(s)= const(k), Au(s) =0
{ otherwi se const(k) # 0, k> 0 [0283] 15Wen the tinme envel ope information
calculated in the above exanple is input to the second alternative exanple
of the decoder 1 according to the first enbodinment, in the case of

Ai x(s)=0, Akl,o(s)=--const(0) (i.e. in the case where the correlation
coefficient is smaller than a specified threshold in the encoder) in the
sub-band B(T)1, the time envel ope cal culation control unit | moutputs the

| ow frequency band tine envel ope cal cul ation control signal to the k-th

(k>0) | ow 5tf@§%§€€%%ﬁl gigﬁcglgquf @?&Iﬁé’ﬁ&ﬂ' ation units 1fk so that the

| ow frequency envel ope ulation 1n the I ow frequency band tine
envel ope cal qgbagjon units 1 fk is not performed. On the other hand, in the
case of Akk(s)=const(k), Al1,0(s)=0 (i.e. in the case where the correlation

coefficient is |ar@hei hike cadedsappleaterthryesiiohtation foehigic idquency 10 t he

time envel ope calculation control unit I moutputs the |low frequency band
ti me envel opéandl genextiion reoeived| freingtias quianttfeticn/¢rrcoding unlitbwgfambjuency
band tinme envel ope calculation units 1 fk so that the | ow frequency band
time ehvel opéhedimelcavelnpe ealehlationvednte) usheynasiond direets that gieopigh
cal culation urei',c}usenlcgf ainsd ﬁgﬁgloﬁgné?ljus%g %fzitshﬂhe second frequency envelope
information in the decoder, the coded sequence construction unit 2h
constructs the high frequency band coded sequence using the coded
second frequency envelop information and otherwise constructs the
10 same with the coded time envelope information and the coded
frequency envelope information (processing in Step S252).
[0274]
Note that the first to fourth alternative examples of the speech
encoder 2 according to the first embodiment of the invention may be
15 applied to the speech encoder 302 according to the fourth embodiment
of the invention.
[0275]
[Eighth Alternative Example of Speech Decoder According to First
Embodiment]
20 In this alternative example, in the time envelope calculation unit
lg of the speech decoder 1 according to the first embodiment,
processing based on a specified function is performed on the calculated
time envelope. For example, the time envelope calculation unit 1g
normalizes the time envelope with respect to time and calculates the

25 time envelope Ey’(], i) by the following equation.
[Equation 70]
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Note that, in this alternative exanple, the calculation nmethod is not
limted to the above exanple as long as the tinme envel ope information is
cal cul at ed based on the correlation between the reference tine envel ope
H(1, 0 and the above-described g(1,i). 20[0285] In the case of
calculating the time envel ope information based on an error (or a weighted
error) between the reference tine envelope H(1,i) and g(1,i) as described
in the speech encoder 2 according to the first enbodinent, the tine
envel ope information is cal cul ated based on 25t he degree of matching
bet ween the refeérence tine enveir( el_lilgl,_it nd g(1,i). On the other hand,

[ I e information is cal cul ated

in this alterhat %A
based on the g‘%gge/’e )gf gzﬁné{’altr)i tsdétheen t he’ shapes of the reference tine

envel ope H(1,i) and g(1,i). [02862’@ Ufﬂ: alternative exanple of the
speech encoder 2 according 5to th iTEL odinment is also applicable to

the first to fifth alternative exatfp) es of the speech encoder 2 according
to the first enbodi nent and the speech encoders according to the second to
fourth enbodinggZ%£ [ 0287] tive Exanpl e of Speech

. First t
Decoder Accorld d”lﬁecorf({&))éwbﬁli[t&lé"ﬁ-] I)A,J e()nirﬁ‘ tRi%; al ternative

exanple, in the frequency envel ope superposition unit Iq of the speech
decoder 101 &g dbisdilisgnat/e erampleopticr mwglqme&e@s%dg atedn a

speci fied funell on s Pertonned, on e SguEc ERuELRS 5y d8( 5 PO
done since then.
5 [0276]

According to this alternative example, only the temporal shape
of the high frequency band signal Xy(j,i) (Fy(D)<j<Fu(l+1)) within the
frequency band Fy()<j<Fy(I+1) of the frame s can be adjusted without
changing the total amount of energy of the frequency band

10 Fu(D)<j<Fy(1+1) in the frame s of the high frequency band signal Xy(j, i)
generated by the high frequency band generation unit 1h.
[0277]
Note that the eighth alternative example of the speech decoder 1
according to the first embodiment may be applied also to the first to
15 seventh alternative examples of the speech decoder 1 according to the
first embodiment and the speech decoders according to the second to
fourth embodiments, and, in this case, Ef(l, i) may be replaced with
Er’(l, i).
[0278]
20 [Ninth Alternative Example of Speech Decoder According to First
Embodiment]

In this alternative example, when the first to n-th low frequency
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15 superposition unit 1 q perfornms processing based on a function of
snoot hi ng the frequency envel ope Er, dee(k,$) given by the follow ng
equation. [Equation 73] EF ,dec,Filt cF,dec, Tenrp(k I - j) sc h( j) J=0
20where [Equation 74] E F,dec, Tenp(k = E F,dec(k , s), t(s) i <t(s + 1)
and sch(j) and dh are a specified coefficient of snoothing and a specified

order of snoot hi ng,

respectively. In this case, EF,dec,Fili(k,i) is

repl aced with EF, dec(k,$) in the subsequent processing. [0288] Further, a
function of determ ning whether or not to snboth the 5 frequency envel ope

EF, dec(k, $) hasadime éﬂ%léﬁ@@ﬁhuf(&@%@?ﬂ% iﬁtfbcﬁfnfoth@%PEé@Hrae@aHe&qspondi ng

to the frequency envel ope Er, dec

73. Further myceordiﬁ%
may be included in

whet her or nemoéathiothe tdeantidfr dgllencly énvehopéniss, deeftior;) Ihgkdy on the

i nformati on

10

15

20

235

e included in the above Equation

Qb TR¢ ifagt éMBbdrhémbcyigiene tithe Ravelopee(koBysnoot hi ng
he coded sequence, and a function of determ ning

n(?é)-?i%iﬁ(s)) is stored upon transition from the frame s-1 to the frame s.
This alternative example allows smoothing of the quantity Ly(k, i) (to be
specific, Lo(k,i) (t(s)<i<t(s)+d)) of the frame s that is close to the
boundary with the frame s-1.

[0279]

The ninth alternative example of the speech decoder 1 according
to the first embodiment is also applicable to the first to eighth
alternative examples of the speech decoder 1 according to the first
embodiment and the speech decoders according to the second to fourth
embodiments.

[0280]
[Fifth Alternative Example of Speech Encoder According to First
Embodiment]

In this alternative example, the calculation of the time envelope
information in the time envelope information calculation unit 2f of the
speech encoder 2 according to the first embodiment is performed based
on the correlation between a reference time envelope H(l,i) and the
above-described g(l,i). For example, the time envelope information
calculation unit 2f calculates the time envelope information as follows.
[0281]

Specifically, a correlation coefficient corr(l) between H(l,i) and
g(L,1) is calculated by the following equation.

[Equation 71]
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i ncluded. [0289] Note that the first alternative exanple of the
speech decoder 101 according to the second enbodinent is also applicable to

t he speech 15decoder according to the fourth enbodi nent.

[ 0290] [ Second

Al ternative Exanpl e of Speech Decoder According to Second Enbodi nent] In
the frequency envel ope superposition unit 1 q of the speech 20 decoder 101

according to the second enbodi nent, the quantity E(mi)
obtained by correcting E2(mi) with C(s) (Equation 60).

is the val ue
Further, according

to Equation 61, the energy of the high frequency band signal after
adj ust ment of the time-frequengy)anvel ope |n t he band kx<nxkn, a" of the

band k' mk, . of the {rame QGEK?-?&@ o DRIGEEL @S—F%(Eg@)} on 62,

the energy of the gh frequepca(é)band srgnal after adj ust ment of the

tinme- frequenc@OE‘ I -

corrected to be the totaf(bfl)t-he frequency envel op t(
| cx<mekm ,,, of the fra ZI al t fe a§
the foll ow ng equation (TA@ zgner%ﬂ‘»’égy

| n the band

Mt M)

si gnal after adjustnent Yofi=tls¢ ti me-frequency env apvé(ﬂ)n the band

| c"<nkkmax of the frame s is

1</<n,, ts)<i<t(s+1), 0<s<s;

The correlation coefficient corr(l) is compared with a specified

threshold, and the time envelope information is calculated based on the

comparison result. Alternatively, a value corresponding to corr’(l) may

5 be calculated and compared with a specified threshold, and the time

envelope information may be calculated based on the comparison result.

[0282]

For example, the time envelope information is calculated as

follows: Assuming that the specified threshold to be compared with the

10 correlation coefficient is corry(l) and gu.c(l,i) is given by Equation 21,

the time envelope information is calculated by the following equation.

[Equation 72]

4, (5)=0, 4, ,(s) =const(0) corr(l)< corr,(l)
4, (s)=const(k), 4,,(s)=0 otherwise

const(k)#0,k>0
[0283]

15 When the time envelope information calculated in the above

example is input to the second alternative example of the decoder 1

according to the first embodiment, in the case of A x(s)=0,
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mai nt ai ned after the adjustnent of the time-frequency envel ope. [Equation

75] t(s+1)-1 kmt'" )(Bunf C(s) = i=t(s) j=ki LE2(p,i) +E i=t(s)p=0

10[ 0291] Further, C(s) may be given by the follow ng equation so that
the energy of the high frequency band signal after adjustnment of the

ti me-frequency envelope in the band | cx<nkkmax of the frame s is the total

of the time envelope E2(mi) in the band |cx<nkkmax of the franme s

15[ Equation 76] C(S) = 1 [0292]

Ajo(s)y=const(0) (i.e. in the case where the correlation coefficient is
smaller than a specified threshold in the encoder) in the sub-band BM,
the time envelope calculation control unit 1m outputs the low frequency
band time envelope calculation control signal to the k-th (k>0) low

5 frequency band time envelope calculation units 1f;, so that the low
frequency band time envelope calculation in the low frequency band
time envelope calculation units 1f; is not performed. On the other hand,
in the case of Aj.(s)=const(k), Ajp(s)=0 (i.e. in the case where the
correlation coefficient is larger than a specified threshold in the encoder),

10 the time envelope calculation control unit 1m outputs the low frequency
band time envelope calculation control signal to the k-th (k>0) low
frequency band time envelope calculation units 1f; so that the low
frequency band time envelope calculation in the low frequency band
time envelope calculation units 1f; is performed.

15 [0284]

Note that, in this alternative example, the calculation method is
not limited to the above example as long as the time envelope
information is calculated based on the correlation between the reference
time envelope H(l.i) and the above-described g(l,i).

20 [0285]

In the case of calculating the time envelope information based
on an error (or a weighted error) between the reference time envelope
H(l,i) and g(l,i) as described in the speech encoder 2 according to the
first embodiment, the time envelope information is calculated based on

25 the degree of matching between the reference time envelope H(l,i) and

g(l,i). On the other hand, in this alternative example, the time envelope
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Note that the second alternative exanple of the speech decoder 101
according to the second enbodinent is also applicable to the first 20
alternative exanple of the speech decoder 101 according to the second
enbodi ment and the speech decoder according to the fourth enbodi nent

[0293] [Third Alternative Exanple of Speech Decoder According to Second
Enbodi nent] [0294] 5Fig. 39 is a diagram showi ng a configuration of a third
alternative exanple of the speech decoder 101 according to the second
enbodi nent, and Fig. 40 is a flowhart show ng a procedure of speech

decod o b AR s SRR e o0 BB TR, U o
croodi et | QpLAalo b LIRSS A SOUBRG ST obm o2l et on i 1w i

frequency eng@gqﬂe ‘calculation unit Iwin this alternative exanple
cal cul ates the frequency envelope Ei(m$) in the sanme manner 15as the

12 g teggegcﬁ ggglel opeThe Bl aktinatine Wiample ofchotpdth érivddee 2saeopdingmbodi ment
5 to the first embodiment is also applicable to the first to fifth alternative
examples of the speech encoder 2 according to the first embodiment and
the speech encoders according to the second to fourth embodiments.
[0287]
[First Alternative Example of Speech Decoder According to Second
10 Embodiment]

In this alternative example, in the frequency envelope
superposition unit 1q of the speech decoder 101 according to the second
embodiment, processing based on a specified function is performed on
the frequency envelope Epg..(k,s). For example, the frequency envelope

15 superposition unit 1q performs processing based on a function of
smoothing the frequency envelope Erg.(k.,s) given by the following
equation.

[Equation 73]

dy

EF,dec,Filt (k»" l) — 2 EF,clec,Temp (k,l o .]) ) Sch (.])
Jj=0 _

20 where
[Equation 74]

E (ki) =Ep 4. (k,8),t(s) <i<t(s+]1)

F.dec,Temp

and scy(j) and d,, are a specified coefficient of smoothing and a specified
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[ 0296] Then, the time-frequency envel ope adjustnment unit |p adjusts
the tinme-frequency envel ope as follows, for exanple, using the tine

20envel ope ET(1,i) and the frequency envelope Ei(m$) (Step S120). [0297]
Specifically, the tinme-frequency envel ope adjustnment unit |Ip transfornms the
time envel ope ET(1,i) into Eo(mi) in the same manner as the frequency
envel ope superposition unit | q. 25[0298] Further, in the sane manner as FIF
adjustnent in SBA of "MPE&XA AAC', the noise floor scale factor m$) in
the frame s supplied fromthe coded sequence decodi ng/ dequantization unit

[0 Lot BP0 ARG B e HEIBLLOR LT Refie) = I
with Egg4ec(k,s) in the subsequent processing.
[0288]
Further, a function of determining whether or not to smooth the
5 frequency envelope Er4..(k,s) based on the signal characteristics of the
frame corresponding to the frequency envelope Egge(k,s) may be
included in the above Equation 73. Furthermore, information indicating
whether or not to perform smoothing may be included in the coded
sequence, and a function of determining whether or not to smooth the
10 frequency envelope Egrge(k,s) based on the information may be
included.
[0289]
Note that the first alternative example of the speech decoder 101
according to the second embodiment is also applicable to the speech
15 decoder according to the fourth embodiment.
[0290]
[Second Alternative Example of Speech Decoder According to Second
Embodiment]
In the frequency envelope superposition unit 1q of the speech
20 decoder 101 according to the second embodiment, the quantity E(m,i) is
the value obtained by correcting E,(m,i) with C(s) (Equation 60).
Further, according to Equation 61, the energy of the high frequency
band signal after adjustment of the time-frequency envelope in the band
k.<m<Kkn.« of the frame s is corrected to be the total of the time
25 envelope Eg(m,i) in the band k<m<k.. of the frame s. On the other

hand, according to Equation 62, the energy of the high frequency band
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Furt her,

the | evel

equation using the quantity S(m $) cal cul ated by a paraneter that
determ nes whether or not to add a sinusoid and that is supplied 10fromthe
coded sequence decodi ng/ dequantization unit le. [Equation 78] S2 (in,

i El (in,

S) S(M SY 0O m< M1 0 s < st [0300] Further,

by the followi ng equation using the 15 frequency envel ope Ei (m $),

noi se floor scale factor m$)

of sinusoid in the frane s is given by the follow ng

t he

in the frame s supplied fromthe coded

sequence decodi ng/ dequantization unit le, and the fiinction 5(s) that

decodi nol dedRaRL 0t Gugméts ot "B RifsFEMengy Ch¥Thbe Sf iy gpRd e e

10

15

20

k. <m=<k. of the frame s is corrected to be the total of the frequency
envelope E,;(m,i) in the band k.<m<k,,, of the frame s. In this
alternative example, C(s) is given by the following equation so that the
energy of the high frequency band signal after adjustment of the
time-frequency envelope in the band k. <m<k,,, of the frame s is
maintained after the adjustment of the time-frequency envelope.

[Equation 75]
£(s+1)—1 ks ,

- =t(s) J=ky
C(s) = t(s+D)—1 ko —k, \

Z ZEZ(p:l) +&

i=t(s) p=0 J

- [0291]

Further, C(s) may be given by the following equation so that the
energy of the high frequency band signal after adjustment of the
time-frequency envelope in the band k,<m<k,,,, of the frame s is the

total of the time envelope E»(m,i) in the band k,<m<Xk,,., of the frame s.

[Equation 76]
C(s)=1
[0292]

Note that the second alternative example of the speech decoder
101 according to the second embodiment is also applicable to the first
alternative example of the speech decoder 101 according to the second
embodiment and the speech decoder according to the fourth

embodiment.
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k1l.,.(m$))(1+ 8(s). m39)) IEI(m$2)Q(m$) Al (E +En",.(m$)) (1+
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if S(m s)=0if S(m s) #
quantity Ecurr(u,$) is defined by the
+1)-1 k EXI1l1 0 'OF Ea".,.(m$) =

OMkM OS<SE. [ 0301]
f ol
(&s +1)- t(s))(kh - k1 +1)' k

[0293]

[Third Alternative Example of Speech Decoder According to Second
Embodiment]

[0294]

Fig. 39 is a diagram showing a configuration of a third
alternative example of the speech decoder 101 according to the second
embodiment, and Fig. 40 is a flowchart showing a procedure of speech
decoding by the speech decoder 101 shown in Fig. 39. This alternative
example is different from the speech decoder 101 according to the
second embodiment in that it includes a frequency envelope calculation
unit 1w in place of the frequency envelope superposition unit 1q.

[0295]

The frequency envelope calculation unit 1w in this alternative
example calculates the frequency envelope E;(m,s) in the same manner
as the frequency envelope superposition unit 1q according to the second
embodiment (Step S119a).

[0296]

Then, the time-frequency envelope adjustment unit 1p adjusts
the time-frequency envelope as follows, for example, using the time
envelope Er(l,1) and the frequency envelope E,(m,s) (Step S120).

[0297]

Specifically, the time-frequency envelope adjustment unit 1p
transforms the time envelope E1(1,i) into Eq(m,i) in the same manner as
the frequency envelope superposition unit 1q.

[0298]

Further, in the same manner as HF adjustment in SBR of
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| owi ng equation. 5[ Equation 80] t



It may be defined also by the follow ng equation. [Equation 81] t +0-1 2 E
(m s) = 'cc) (t(s +1)- t(s)) 0O <m< M O s < sk Further, S(m$) is the
function that represents whether there is a sinusoid to be added in the
sub-band B(F)k (GH(k)19la<tAk+1)) including the frequency represented by
the index min the frane s, and it 5is "1" when there is a sinusoid to be
added and "0" otherw se. [0302] Further, the follow ng quantity

X1l (mk",i) can be cal cul ated using the above-described quantity

Ecurr(m $). [Equation 82]

"MPEG4 AAC", the noise floor scale factor Q(m,s) in the frame s
supplied from the coded sequence decoding/ dequantization unit le is

transformed by the following equation.

[Equation 77]

Q(m,s)
1+ Q0(m,s)

0<sm<M,0<s<s,

Q,(m,s)=_|E (m,s)

[0299]

Further, the level of sinusoid in the frame s is given by the
following equation using the quantity S(m,s) calculated by a parameter
that determines whether or not to add a sinusoid and that is supplied

10 from the coded sequence decoding/ dequantization unit le.

[Equation 78]

S(m,s)
1+ Q(m,s)

0<m<M,0<s<s,

S,(m,s)=_|E (m,s)

[0300]
Further, the gain is given by the following equation using the
15 frequency envelope Ei(m,s), the noise floor scale factor Q(m,s) in the
frame s supplied from the coded sequence decoding/ dequantization unit
le, and the function 6(s) that depends on the parameter of the frame s

supplied from the coded sequence decoding/ dequantization unit le.
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(mtkx,1)= I XH(mtkx,i) ir, SVPH(mk, i)2 -v -"curr 100 m< M t (s) i <
t(s + 1), 0 sczsE [0303] Al ternatively, the quantity X |1 (mtlcx,i)
can be cal cul ated al so by the foll owi ng equation. [Equation 83] X H(fil
kx,i) E cun.( n 5) 1kh i)12 kh -
[Equation 79]
E (m,s :
1(m,5) if $’(m,s)=0
G5y = |V E+ e (1,501 +8(5)- Q0m,5))
,8) =

E,(m,s) Qm,s) if S'(m,5) 20
(e+E,, (m,s)) (1+Q(m,s)) ’

0<m<M,0<s<s,
[0301]
The quantity E.,{m,s) is defined by the following equation.

5 [Equation 80]
t(s+)-1 Kk,
>, 2N, Gad)
Ecm.r (m,s) i=t(s) Jj=k

T (WD) — )k, —k, +1)

k, =G,(k)
kl_kamSkh_kx, s S mH

0</<n,,0<s<s;

It may be defined also by the following equation.
[Equation 81]
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3 =0CG(k) kh =G ( k +1) -1"1< k <nH t(s) i <t(s +1), 0 s < s [0304]
The quantity X Il (mtkx,i) can be cal cul ated also fromthe foll ow ng
equation. 5[Equation 84] X H (m+ kx,o= X Hm+ kx,i) kh ZE our (n, s),
ZI XH(j,i)12 n=ki-k, A J,k, -mkh- kx,{= GH k) kh = GH(k +1)-1'

t{(s+1)-1
Z |XH (m+k_,i)
Ecurr (m9 S) = zzt(S) b

(t(s+1)—~1(s))

0<m<M,0<s<s,

|2

Further, S’(m,s) is the function that represents whether there is a
sinusoid to be added in the sub-band B® (Gu(k)<m<Gp(k+1))
including the frequency represented by the index m in the frame s, and it
5 is "1" when there is a sinusoid to be added and "0" otherwise.
[0302]
Further, the following quantity X’g(m+k,,i) can be calculated
using the above-described quantity Ey(m,s). |

[Equation 82]

XH(m+kx,i) \/
JX, on+ kL if

O0<m<M,t(s)<i<t(s+1),0<s<s,

X;{(m_l_kzﬁl): Ecurr(mv‘g)n

10

[0303]
Alternatively, the quantity X’(m+k,,i) can be calculated also by
the following equation.

[Equation 83]
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1<k<mH t(s) i <4- 1), 0 S < SE [0305] In this processing, the
hi gh frequency band signal X I (mtkx,i) can be snoothed in the tine
direction in the frequency index mor the 10sub-band B(F)k. Thus, by
perform ng the subsequent processing, the high frequency band signal on
the basis of the tinme envelope calculated in the time envel ope cal cul ati on
unit 1 g can be output w thout depending on the tinme envel ope of the high
frequency band signal X11(mtk, 00. [0306] 5Note that the gain 02(m$), the
noi se floor scale factor @B(m $) and the sinusoid | evel S3(m$) can be

cal cul ated by perform ng processing based on a specific function on the

above-descri bed gain, the noise floor _&_a toyy and t he vel .
For exanpl e, ) ner as t HI ad] nt in Sg of P,

AAC', process/ﬁyg’fmﬁl _E;@egﬂ(;n t he funitl on of Ilmtatl on f gﬁﬁgfgr
avoi di ng the unneeded addition df noise (gal er) d conpensation for
the energy loss by the gain li r]),'h)?performed on the
above-descri bed gain, the nois fk]oe-r ge-hlle ctor and the sinusoid |evel
to thereby calculate the gain 0%(r{$), ‘the 17'10| se floor scale factor B(m $)
and the 15 sinusoid |evel S3(m$) (see | SO I BC 1449-3 4.6.18.7.5 for a
specific exanple). In the case of rfor?c‘l ng @’g ?qbﬁve specified
processing, O (mg ﬁé’l@ and S3(m $) "are & stea(izg % $) .,
Q@(m$) and yhsS yet proc sU}g {030{} Tke—gb'é,qtities

03(mi) and 4(mi) given by the foII

Hs)<i<t(s+1),0<s<s,

[0304]
The quantity X’y{m+k,,i) can be calculated also from the

following equation.

5 [Equation 84]
. k, k.
X+ ki) =2 heD) 1S ),
: A kx
21 Xu Uit
J=k;
k, =G,k

k—k <m<k,—k =G (8) 1<k<m,

Nk, =G, (k+1)-1

tHs)<i<t(s+1),0<s<s,

[0305]
In this processing, the high frequency band signal Xj(m-+ky,i)
can be smoothed in the time direction in the frequency index m or the

10 sub-band B¥,. Thus, by performing the subsequent processing, the high
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equation are calculated using the gain Gm$), the noise floor scale factor

@(m$) and the tine envel ope Eo(mi) obtained as above.

In the foll ow ng

equation, the gain and the noise floor scale factor are cal cul ated based on

the tine envel ope, and, after the subsequent 25processing, the signal
the tine-frequency envel ope adjusted by the tine-frequency envel ope

adj ustnment u
0 Gm$) O

in the above

the tine envel ope in the same nanner as the gain an

nit Ip can be finally output. [Equation 85] G3(in 3i)

with

EO0 (M

m< M,t(s)<t(s +1)30 s < s [Equation 86] Q4 On, = Arno (M O
@(m$) oryz<Ad<t(s +0,0 s < s 5[0308] Not e that, although the gain
and the noise floor scale factor are cal cul ated based on the tine envel ope
fequahcpband biznai onshe Yasievélthe imadenmedd it siteldtad sotheased on

the noi se floor scale

factor. 10[ 03¢ envelopeRialeiHation pindic &g siangbdh astpit omithowtpdepenidéng banct i on

can be perfo
processing b

rmed on the above-descrjbed G3

Qrmit(mi) gi Yﬁ\gloé)]y the foll owi ng equations are cal cul at ed.

5

10

15

20

25

Note that the gain G,(m,s), the noise floor scale factor Qs(m,s)
and the sinusoid level Si(m,s) can be calculated by performing
processing based on a specific function on the above-described gain, the
noise floor scale factor and the sinusoid level. For example, in the same
manner as the HF adjustment in SBR of "MPEG4 AAC", processing
based on the function of limitation to the gain for avoiding the unneeded
addition of noise (gain limiter) and compensation for the energy loss by
the gain limitation (gain booster) is performed on the above-described
gain, the noise floor scale factor and the sinusoid level to thereby
calculate the gain G,(m,s), the noise floor scale factor Q3(m,s) and the
sinusoid level Si(m,s) (see ISO/IEC 1449-3 4.6.18.7.5 for a specific
example). In the case of performing the above specified processing,
Gy(m,s), Qs(m,s) and S;(m,s) are used instead of G(m,s), Q,(m,s) and
S,(m,s) in the subsequent processing.

[0307]

The quantities Gs(m,i) and Qu(m,i) given by the following
equation are calculated using the gain G(m,s), the noise floor scale
factor Q,(m,s) and the time envelope Ey(m,i) obtained as above. In the
following equation, the gain and the noise floor scale factor are
calculated based on the time envelope, and, after the subsequent
processing, the signal with the time-frequency envelope adjusted by the

time-frequency envelope adjustment unit 1p can be finally output.
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15[ Equation 87] d h =IGlenmp(M3i j d h) SCh(j) j=0
CCMMt(S)i<t(S-Fi),0 C S<SE [Equation 88] dh =IQlenp(mi j + d h) sch(j)
j=0 0 m< M t(s) <t(S 1), 0 S < SE where scha) and dh are a specified
coefficient of smoothing and a specified order of snpothing, respectively.

Furt her,

Glenp(m i) and Qlenp(mi) are given by the foll ow ng equations:

5[ Equati on 89] Glemp(mi+ d h) VEO(111,0 Gm s)
Cl77/ <M t (S)i <t (S-F1), 0S<SE [ Equati on 90]

10

15

[Equation 85]

G,(m,i) = E,(m,i) -G(m,s)

0<sm<M,t(s)<i<t(s+1),0<s<s,
[Equation 86]

Q4 (mnl) = ‘\/EO (mnl) ’ Q2 (m,s)

0<m<M,t(s)Si<t(s+1),0<s<s,
[0308]

Note that, although the gain and the noise floor scale factor are
calculated based on the time envelope in the above equation, the
sinusoid level can be calculated also based on the time envelope in the
same manner as the gain and the noise floor scale factor.

[0309]

Further, processing based on a specified function can be
performed on the above-described Gs(m,i) and Q4(m,i). For example,
processing based on a function of smoothing may be performed.
Grin(m,i) and Qg;(m,i) given by the following equations are calculated.

[Equation 87]

dh
GF'ilt (m’l) = ZGTemp (mbl_.]+ dh).Sch(j)
j=0
O<m<M,t(s)<i<t(s+1),0<s<s,

[Equation 88]
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Qrenrp(Mi d h) = EOMi) @M S) 0O0m< M t(s) <t(S 1), 0 S< SE

[ 0310] 10Furthernore, the effect of snoothing can be equal ly obtained by
processi ng based on the follow ng functions. [Equation 9 E] Grilt (77150
= &ld (m wrd Or, Glenp(nl,0 wcun. Oh, 0 0O M< M t(S) <t(S 1), 0S
< SE [Equation 92] QFilt (in, = Qld(n wold(mO0+ Qlenp(m 0 wc"rr(in, 150
5 M<M t(S<t(S 1), 0 S<SE WUT where wld(mi) and( ) are

speci fied weighting factors. Further, Genp(mi) and Qlenp(mi) are given
by the followi ng equations. [Equation 93]

dy
QFilt(kﬂi) = ZQTemp(mDi_j_l_dh) 'Sch (])
j=0

O<m<M,H{(s)<i<t(s+1),0<s<s;

where sc,(j) and d, are a specified coefficient of smoothing and a
specified order of smoothing, respectively. Further, Gremp(m,i) and
Qremp(m,1) are given by the following equations.

5 [Equation 89]

Gy (myi+d,) = N E,(m,i) - G(m,s)

O0<m<M,H(s)<i<ts+1),0<s<s,
[Equation 90]

QTemp(mai + dh) By EO (mn l) | Q:Z (ma S)

O0<m<M,H(s)<i<t(s+1),0<s<s,
[0310]

10 Furthermore, the effect of smoothing can be equally obtained by
processing based on the following functions.
[Equation 91]

Gy (m,i) = G, (m) - w,, (m,i) + Gy,

emp

(ma l) "Weurr (m’ l)

O<m<M,t(s)<i<t(s+1),0<s<s;
[Equation 92]

Opin (M, 1) = O,y (M) - W, (m, 1) + Oy, (M, 1) - W, (m, i)

5 O0<Sm<M,H(s)<i<ts+1),0<s<s,
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Glenp (11150 - VEO (m 0 Gm$) O m< M t(s) <t(S 1), 0 S< SE
5[ Equation 94] Qlfemp On 0 = EO(Mi) @(MS) 0O m< M t(s) i <t(S 1), 0 S
< SE [0311] Further, Goid(m is the gain of a time index (specifically,
t(s)-1) in the previous frame (specifically, the frane s-1) at the
boundary with 10the frane s and given by any of the follow ng equati ons.
[ Equation 95] sold (n) = GI",p(m t (s) -1) = VEO(mt(s) -1) Gms -1) 0 <
MMO S SE [Equation 96] GFrit (M t (S) - 1) Gold (m =

where Wyq(m,i) and w,,(m,i) are specified weighting factors. Further,

Grremp(m,1) and Qremp(m, i) are given by the following equations.

[Equation 93]

GTemp(m,i) = E,(m,i) - G(m,s)

0<m<M,t(s)<i<t(s+1),0<s<s,
5 [Equation 94]

QTemp(mai) = \’ EO (mnl) ) Qz (m,S)

O0<m<M,t(s)<i<t(s+1),0<s<s,
[0311]
Further, G,4(m) is the gain of a time index (specifically, t(s)-1)
in the previous frame (specifically, the frame s-1) at the boundary with
10 the frame s and given by any of the following equations.

[Equation 95]
G,u(m)= Gy, (m,t(s)—1) = [ Ey(m,t(s)—1) - G(m,s —1)

0<m<M,0ss<s;
[Equation 96]
G,q(m) =Gy (m,t(s) —1)

0<m<M,0<s<s;

15 In the case where the above-described processing based on a specified
function is performed, Ggy(m,s) and Qgp(m,s) are used instead of
G3(m,s) and Q4(m,s) in the subsequence processing.

[0312]
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0 <M< M 0 S < SE 15In the case where the above-described processing
based on a specified function is perforned, Grit(m$) and QFiit(m$) are
used instead of GB(m$) and A(m$) in the subsequence processing. [0312]
The above-descri bed function of snmoothing nmay include a function of
determ ni ng whether or not to perform snoothing based on the paraneter of
the frame s supplied fromthe coded sequence decodi ng/ dequantization unit
| e. Further, information indicating 5 whether or not to perform snoothing
may be included in the coded sequence, and the above-described function of
snoot hi ng nmay include a function of determ ning whether or not to perform
smoot hi ng based onThheaboedastribed. fEoetiorerofosmoathingaynayndnabielea af unct i on
of determ ning mhether or not to perform snoothing based on at | east one of
the above. 16pndiq) of determining wizeth@h@rtnqtréo meé&mhs;@m@ iag hgsed@ust ment

unit I p obtains the signal the ad uste ne freque y envel ope by the
fol | ow ng eqﬁ%%ﬁﬂﬁme %q@&mﬁ] ga,-nlleos, rory thg jcoded seqyenceve (m =

Re {W On, of ec%glg} 2ie ftlzgl%nl‘r’hatz(fe 'F{thﬁeze ( n}'lfc}r}n %40(1'1m 1n2110a€1ng( 0)

[ Equation 9
5 whether or not to perform smoothing may be included in the coded

sequence, and the above-described function of smoothing may include a
function of determining whether or not to perform smoothing based on
the information. Furthermore, it may include a function of determining
whether or not to perform smoothing based on at least one of the above.
10 [0313]

Finally, the time-frequency envelope adjustment unit 1p obtains
the signal with the adjusted time-frequency envelope by the following
equations.

[Equation 97]

Wi (m,i)=Gy;(m,i)  Xy(m+k_i)

Re{W,(m,i); = Re{W,(m,i)} + O, (m,i)-V,(f(i))
15 Im{Wy0m,0)} =Im{W (m, i)} + O, (m,i)- Vi (f ()

[Equation 98]
Re{Y(m,i)}=Re{W,(m,i)}+ . (m,s,i)

Im{Y (m,i)} = Im{W, (m,i)} +y, . (m,s,i)
WRe (m’ S, l) = S2 (m’ S) | ¢Re,sin (fsin (1))
I//Re (mﬂ S, l) - S?_ (m9 S) ’ (— 1) . @Re,sin (fsin (Z))

where Vg and V, are arrays that specify a noise component, f is a

function that maps the index i onto the index on the arrays, Qgesn and
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Re {/7(m } = Re {PV2 On, O }-EviRe(ms,i) Im{Y(m } =1mMW (m } +i) WRe
On, ST, - S2 (rn, s) Re,sin (fin (0) wReon,s,0=s2(n,$).(-1)nkt CRe,sin
(fsin (i" where Vo and VI are arrays that specify a noise conponent, f is a
function that maps the index i onto the index on the arrays, (r)and T Re, s
in are arrays that specify the phase of a sinusoid conponent, and:-
fsinis a function that maps the index i onto the index on the arrays (see
"1 SO EEC 14496-3 4.6.18" for a specific exanple). [0314] 5Alternatively, in
t he above-descri bed Equation 97, X H(mtk,,i) nay be used in place of
XH(mtkx,i). [0315] Note that, when the gain booster of HF adjustnent
in SBR of " MREdn ARCATARS that 5pecifp thee phaseapht sbisotd eormppnenfuendsenvel ope
10 superposition unjt |1 q of the speech decoder 101 according to the second
enbodi nent, tihe SHEGR s mape the 19ee% 11qmHe tthe | I8HeX ONc BifpaHaus 829 n uni t s

nand, accor i TGOEE HEIPBTY bk CRARAEGHIC PHAMEId gy | 085 due 1o gain
limtation islog?ﬁr})ensated inunits of the tine index i for the high
5 Alternatively, in the above-described Equation 97, X’g(m+k,,i)
may be used in place of Xy(m+k,,i).
[0315]
Note that, when the gain booster of HF adjustment in SBR of
"MPEG4 AAC" described above is applied to the frequency envelope
10 superposition unit 1q of the speech decoder 101 according to the second
embodiment, the energy loss due to gain limitation is compensated in
units of the frame s for each sub-band B®, (Gy(k)<j<Gg(k+1)). On the
other hand, according to the following equation, the energy loss due to

gain limitation is compensated in units of the time index i for the high

15 frequency band signal Xy(,i) for each sub-band B®,

(Gu(k)<j<Gpu(k+1)).
[Equation 99]

Gy (k+1)-1

£+ ) Z El (j': S)
GBoosrTﬂ,,,P (k; i) = Gy (k+1)-1 5 J_GH(MZ
. . . . . 2, .
e+ Y (XG0 G2+ S+ 8(8,3:),9) 02 ()o5))
J=Gy (£)

G,(m,i)=Gg,,, o (k,i)-G(m,s)

Q3 (ma l) = Gng_g:m”p (kn l) : QZ (m,S)

1Sk<my, Guh)Sm+k <Guk+D),H(s)<i<t(s+1),0<s<s;

[0316]
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15frequency band signal XH(j,i) for each sub-band B(F)x (GH(k)] <Gx(k+1))-

[ Equation 99] G Boosfrenp (k, = @& (nl- GBoost Twii (k ,i) G (m s)
@(#1,0 = G Boosi (k,i) @0 n, 1 kmH, GH(k) mt <GH(k +1), t(s).i <t(s
+1), 0czskE [0316] In the above-described equation, the gain

limter of HF adjustnent in SBR of "MPEGX4A AAC' descri bed above may be
applied to the gain Gm$) and the noise scale factor @(m$). [0317]
5Using the gain &@(mi) and the noise scale factor @GB(mi),

In the above-described equation, the gain limiter of HF

adjustment in SBR of "MPEG4 AAC" described above may be applied
to the gain G(m,s) and the noise scale factor Q.(m,s).
[0317]

5 Using the gain Gy(m,i) and the noise scale factor Qj(m,i),
Gremp(m,i) and Qremp(m, i) are given by the following equation instead of
the above-described Equations 89 and 90.
[Equation 100]

GTemp(mDi + dh) = v EO(msl) ) GZ(mJl)

O0<m<M,t(s)<i<t(s+1),0<s<s,

10 [Equation 101]
QTenqp (mil +df1) — VEO(mJZ) ) Q3 (mﬂl)

0<m<M,t(s)<i<t(s+1),0<s<s,

[0318]
Further, when Equation 99 is replaced with the following
equation, the energy loss due to gain limitation is compensated in units
15 of the time index i for the high frequency band signal Xy(j,i) for each
sub-band BY, (Fy(K)<j<Fyu(k+1)).
[Equation 102]
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G enp011, 0 and Qrenp(ll>i) are given by the follow ng equation instead of
t he above-descri bed Equati ons 89 and 90. [Equation 1001 G Tenp( ni d h) =
EO(1n0 (1 n00Om<M t(s) i <t(S1)10S < SE 10[Equation 101]
Qlrenmp i dh = VEO (M @B (in 0 0 m< M t(s) i <t(s + 1), 0 s < sk [0318]
Furt her, when Equation 99 is replaced with the foll ow ng equat i on,
the energy loss due to gain limtation is conpensated in units 15o0f the
time index i for the high frequency band signal XH(j,i) for each sub-band
Brnk (FH(K)j <Fx(k+1)). [Equation 102]

Fiy (et1)-1

£+ Y E3:9)
GB""S’MP (k,0) = Fy (k1)1 =l b
e+ > Xy UG5+ 5,79+ 8(8,099)- 07 U09)
J=Fy (k)
GZ(mai)z G-Bow"t‘l‘wnp (k,i)-G(m’S)

Qs (m, 1) = Gy, (K, 1) O, (m, 5)
1<k<m, F,(k)Sm+k, <F,(k+1),t(s)<i<t(s+1),0<s<s,

[0319]
Furthermore, when Equation 99 is replaced with the following
equation, the energy loss due to gain limitation is compensated in units
5 of the time index i for the high frequency band signal Xy(j,i) for each
frequency index m.

[Equation 103]

£+ E (m,s)
e+, (m+k i) Gmys) + 8,2 (m,8) + 8(S, (m,),5) - 0, (m, )

G, (m,i) =G, m,i)- G(m,s)

GBao.m enp (m, )=

oSt Temp (

0,(m,0) = Gy, (mi): Oy (m,5)

1<k<m,,0<m<M,t(s)<i<t(s+1),0<s<s,
[0320]
10 Alternatively, when calculating the above quantity
GpoostTemp(m.1), X’ y(m+k,,1) may be used instead of Xu(m+k,,i).
[0321]
In the time-frequency envelope adjustment unit 1p of the speech

decoder 101 according to the second embodiment, adjustment of the
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G Bonst (k i)

(j,

= FHk+1)-1 e+E, (j, s) P=FIl(k F11 (k+0-1 e +112 ]

s) + S22 (j, s)+ 5(S2(j, s), s) @2 (j, s)) (k)

10

15

20

25

time-frequency envelope is performed by the similar way to the HF
adjustment in SBR of "MPEG4 AAC" using the quantity E(m,i)
received from the frequency envelope superposition unit 1q, in the same
manner as performed by the time envelope adjustment unit 1i of the
speech decoder 1 according to the first embodiment. Therefore, in the
same manner as performed by the HF adjustment in SBR of "MPEG4
AAC", when a gain limiter operation for avoiding addition of
unneeded noise is performed on a gain, a noise floor scale factor and a
sinusoid level, and a gain booster operation is performed to compensate
energy loss caused by the gain booster operation, these operations are
performed on the time index i(t(s)<i<t(s+1)). On the other hand,
according to this alternative example, when a gain limiter operation for
avoiding addition of unneeded noise is performed on a gain, a noise
floor scale factor and a sinusoid level, and a gain booster operation is
performed to compensate energy loss caused by the gain booster
operation, at least one of these operations may be performed on the
frame s. Thus, this alternative example allows reduction of the amount
of operation for the above processing compared with the speech decoder
101 according to the second embodiment.
[0322]

Note that the third alternative example of the speech decoder
101 according to the second embodiment is applicable also to the first
and second alternative examples of the speech decoder 101 according to
the second embodiment and the speech decoder according to the fourth
embodiment.

[0323]
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(k,0GMS) G 2(17 15= GBoo s le",p @B01130 = GEloost(k , i) @( n, s)
115 m, FH (k) m+ kx < FH (k + 1) , t (s )<t (s +1) ,O0s<sE [0319]
Furt hernore, when Equation 99 is replaced with the foll ow ng equation, the
energy loss due to gain limtation is conpensated in units 5of the tine
index i for the high frequency band signal XH(j,i) for each frequency index
m [ Equation 103] 1 G&¢"",,,,, (in, i) - e + El (nz, s) t e +y
(", 200 kx, 0 & (m s) +S22 (m s) + 45(S2(m s), s) @2 (mY9))
&( n,i) =&""sti nreiv( ,i) Ggm s) @B (I n,i) = GBoost Temp (m0 ' @
(M9 [Another Embodiment of Third Alternative Example of Speech Decoder
101 According to Second Embodiment] |
In the case where the first, second and third alternative examples
of the speech decoder 1 used in the first embodiment and the fifth
5 alternative example of the speech decoder 1 used in the first
embodiment which implements at least one of the above alternative
examples are applied to the above-described alternative example, there
is a case where the time envelope calculation unit 1g does not calculate
the time envelope Er(l,i). In this case, the operation processing that
10 requires Eg(m,i) is performed by replacing Eo{m,i) with 1. In this way,
the processing of multiplying Eg(m,i), the power of Ey(m,i) and the
square root of E¢(m,i) can be omitted, thereby reducing the amount of
computation. Note that, in the processing using the above method, the
time-frequency envelope adjustment unit 1p does not need to calculate
15 Eqo(m,i).
[0324]
[Sixth Alternative Example of Speech Encoder 2 According to First
Embodiment]
The time envelope information calculation unit 2f calculates the
20 time envelope information based on the characteristics of at least one
signal of the signal X(j,i) in the frequency domain obtained from the
band splitting filter bank unit 2c, an external input signal received
through the communication device of the speech encoder 2, and the
down-sampled low frequency band signal in the time domain obtained

25 as an output from the down-sampling unit 2a. The signal characteristics

may be transient characteristics, tonality, noise characteristics and the
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lkm, Om< M, t(s) i <t(s +1) , 0s <s E[0320] 10Alternatively,
when cal cul ating the above quantity GBoostrenp(mi), X H(mtk",i) may be
used instead of XH(mtk",i). [0321] In the tinme-frequency envel ope
adjustnment unit I p of the speech decoder 101 according to the second

enbodi nent, adjustnent of the tinme-frequency envelope is perfornmed by the
simlar way to the HE adjustnent in SBR of "MPEG4 AAC' using the quantity
E(mi) received fromthe frequency envel ope superposition unit Iq, in the
sanme manner as perforned by the tine envel ope adjustnent unit ii of the 5
speech decoder 1 according to the first enbodinent. Therefore, in the sane
manner as pelikerafglicsignahefonrexatinle; theeugh theSBBn@lfChﬂWE@lSmIe mien a gain
limter operation for avoiding addition of unneeded noise is perfornmed on a
gai n, a noi séinitesbio Hose épm‘aﬁ@@mmme%lnsﬁmw&matw@Kamﬁlﬂa a gai n booster
operatlon i's &ggﬁorned to conpensate 10 energy | oss caused by the gain
boost er oper£ t hese operations are perforned on the tine index

when & gai n 110 t e obpEr e e PaRavE SRR e Roo il LRl e T s
per T orgred O3 99 o RRESEOBE FORESRREh RhcBid 3 ALBHARRd fgel . and a

gai n booster operation 1s ensat e energ oss caused by

the gain boogfgfr el‘h%ﬁﬁﬁbﬁtnan&tthé %Eéécl‘?@ﬁc&&er& fh%%@rd?ﬂ%{;c@"t’h@%cﬂﬁ&[ toe

performed on the frane s. Is alternative exanple allows reduction
of the annun&b@ﬁh@ﬁﬂﬁﬁﬁﬁ@ﬁﬁior t he above processing conpared with the
speech decoder 101 according to the second enbodi nent. 20[ 0322] Not e
that the thi {0326}t ernative exanple of the speech decoder 101 according to
the second enbodinent is applicable also to the first and second

al ternative ésevgithsAlb¢rnative SpewapledecdprachiBacadar ot dicsgrdiogtthdisgcond
enbodi nent and the speech decoder according to the fourth 25enbodi nent
[ 032310 Embodiment]
The time envelope calculation control information generation
- unit 2j generates the time envelope calculation control information
related to the low frequency band time envelope calculation method in
the speech decoder 1 according to the signal characteristics of at least
15 one signal of the signal X(j,i) in the frequency domain obtained from
the band splitting filter bank unit 2¢, an external input signal received
through the communication device of the speech encoder 2, and the
down-sampled low frequency band signal in the time domain obtained
as an output from the down-sampling unit 2a. The signal characteristics
20 may be transient characteristics, tonality, noise characteristics and the
like of the signal, for example, through the signal characteristics are not
limited to those specific examples in this alternative example.
[0327]
Note that this alternative example is also applicable to the first

25 to sixth alternative examples of the speech encoder 2 according to the

first embodiment and the speech encoders according to the second to
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[ Anot her Enbodi ment of Third Alternative Exanple of Speech Decoder 101
According to Second Enbodi nent] In the case where the first, second
and third alternative exanples of the speech decoder 1 used in the first
enbodi nent and the fifth 5 alternative exanple of the speech decoder 1
used in the first enbodi ment which inplenents at | east one of the above
alternative exanples are applied to the above-described alternative
exanple, there is a case where the tinme envel ope calculation unit |Ig does
not calculate the tine envelope ET(1,i). In this case, the operation
processing that 10 requires Eo(mi) is perfornmed by replacing Eo(mi) wth
1. In this wdpurthrenpodicesgs.ng of nultiplying Eo(mi), the power of Eo(mi)
and the square root of Eo(mi) can be omtted, thereby reducing the anount
of conputati d@328bte that, in the processing using the above nethod, the

time-frequen envel Qpe adj ust t, it | es not, neeq. to cal cul ate
1'550(m i ?9 [ﬁéﬂﬂr@sﬂg@@aﬁpﬁ% nit et 'Spéﬁghior&pdsbmr WeFirst 1 cor di ng
to First Enb?f‘di r}gghhlﬂﬂe ti gﬁ envel ope information cal culation unit 2f

cal cul ates tH&Y 1505 ope i nformation based on the characteristics
of at Least one si of i oo 1) I

obt ai ngd fromt heI gﬁ?}{ esﬂp%ﬁﬁ%%g&?ﬁﬁ%%’h%%l}(& Lbné Pﬁzgﬁéggﬁ%g%e&%gﬁéfnput

si gnal rece'%ﬁﬂoﬁPQQQ€2%§?EQQBGHHﬁhQ§ﬁ%ﬁHhﬁ§W$QﬁéHBE%h?rﬁgﬁgﬁhﬁﬁﬂﬁOder 2,

and the down-sanp equency band signal’ I n the onmai n ’obt ai ned
25as an out pynd thepdrimctl@WRas adRmhitesUPhéthdfor IBEtS hAMAl sikhidehsf i sti cs

may be transient characteristics, tonality, noise characteristics "and the
| i ke of the HegadntiZedraneampded ak rmuagér 6heowsgnal characteristics are not
Industrial Applicability

10 [0329]

The present invention is used for a speech decoder, a speech
encoder, a speech decoding method, a speech encoding method, a
speech decoding program, and a speech encoding program, and it is
possible to adjust the time envelope of a decoded signal into a less

15 distorted shape and thereby obtain a reproduced signal in which
pre-echo and post-echo are sufficiently reduced.

Reference Signs List
[0330]
1fi~1f,...low frequency band time envelope calculation unit,

20 2e~2e,...low frequency band time envelope calculation unit,
1,102,201,301...speech decoder, la...demultiplexing unit, 1b...low
frequency band decoding unit, lc...band splitting filter bank unit,
1d...coded sequence analysis unit, le...dequantization unit, 1g...time
envelope calculation unit, 1lh...high frequency band generation unit,

25 li...time envelope adjustment unit, 1j...band synthesis filter bank unit,

1k,Im,1In,lo0...time envelope calculation control unit,
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limted to those specific exanples in this alternative exanple. [0325] Note
that this alternative exanple is also applicable to the first 5 to fifth
alternative exanples of the speech encoder 2 according to the first

enbodi mrent and the speech encoders according to the second to fourth

enbodi nents. [0326] [ Seventh Alternative Exanple of Speech Encoder
2 According to First 10Enbodi nment] The tinme envel ope cal cul ation
control information generation unit 2] generates the tinme envel ope

cal culation control information related to the | ow frequency band tine
envel ope cal culation nmethod in the speech decoder 1 according to the signal
char act eri st ilpslwf.tiame-freguencyl 5 eavelapiegnadjustimeartie wiignal qX(frequenicy t he
frequency domain obtained fromthe band splitting filter bank unit 2c, an
ext ernal i npgnvelogaal sHpe@osidn hrwugh tle .ewlesuniseduense dedacoding/ t he
speech encoder 2, and. the down-sanpl ed | ow frequency. band signal .in the
time domain SSTHRHERNURR AMibut kut- UM nPRYROBOWARCHMIAMgComrel it The

si gnal char a_(iieri St i CS ZSmaénbet t rgn;@ eni.]i characteristics, tonality, noise
charact er i st itts A T AIRENER! VA SitndicdUPReY ERYRAPE, SERFBEYH P he si gnal
characd er i st 358 . MRkalshB (ideldpe D3RAIBRGHTL o, B TPR 3PP bR

al ternative exanple: . . hat Brnative exanple is
o 0oci™S! SouhEla, S BEhaRTMEKY 0 RIS Spelgpe speccr
accordi ng toyuhfte2eeciond dlitting filter bank unit, 2d...supplementary information

for high frequency band generation calculation unit, 2e,~2ey...low

frequency band time envelope calculation unit, 2f...time envelope

10 information calculation unit, 2g...quantization/encoding unit, 2h...high

frequency band coded sequence construction unit, 2i...multiplexing unit,

2j...time envelope calculation control information generation unit,

2k...Jlow frequency band decoding unit, 2m...band synthesis filter bank

unit, 2n,20,2p...frequency envelope information calculation unit

15
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fourth enbodi nents. [0328] [Quantization/Encoding Unit of Speech Encoder
According to First to Fourth Enbodi nents] 5In the quantization/encodi ng
unit 2g of the speech encoder according to the first to fourth enbodi nents,
the noise floor scale factor, and the paraneter that determ nes whether or
not to add a sinusoid may be quantized and encoded as a matter of course.

| ndustrial Applicability 10[ 0329] The present invention is used for a
speech decoder, a speech encoder, a speech decodi ng nethod, a speech
encodi ng nmet hod, a speech decodi ng program and a speech encodi ng program
and it is possible to adjust the tine envel ope of a decoded signal into a

| ess 15di storted shape and thereby ofblaAHVES reproduced signal in which

pre-echo and post-echo are sufficient Iq}{ reduced.qﬁﬁef erence %i gns Lij st
[0330] frequency bdndh sPeechedecadspdhatafiecadssiaoepdss sequence of encoded

speech signal, comprising:
demultiplexing means for demultiplexing the coded sequence
5 into a low frequency band coded sequence and a high frequency band
coded sequence;
low frequency band decoding means for decoding the low
frequency band coded sequence demultiplexed by the demultiplexing
means and obtaining a low frequency band signal;

10 frequency transformation means for transforming the low
frequency band signal, which is obtained by the low frequency band
decoding means, into a frequency domain;

high frequency band coded sequence analysis means for
analyzing the high frequency band coded sequence demultiplexed by

15 the demultiplexing means and acquiring supplementary information for
high frequency band generation and time envelope information;

coded sequence decoding and dequantization means for
decoding and dequantizing the supplementary information for high
frequency band generation and the time envelope information acquired

20 by the high frequency band coded sequence analysis means;

high frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech

25 signal from the low frequency band signal transformed into the

frequency domain by the frequency transformation means;
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20 2el-2e. .low frequency band time envel ope cal cul ation unit,

1,102,201,301 . speech decoder, la... denmultip lexing unit, 1 b... |low
frequency band decoding unit, lc. .band splitting filter bank unit,

| d...coded sequence analysis unit, le...dequantization unit, 1g.. .tinme
envel ope calculation unit, |h...high frequency band generation unit, 25ii.
.time envel ope adjustnent unit, 1j...band synthesis filter bank unit,

| k,ImIn,lo...tinmenvel opecal cul ati oncontrolunit, Ip,lv...time-frequency
envel ope adjustnment unit, |q...frequency envel ope superposition unit,

| r...coded sequence decodi ng/ dequantization unit, is.. .time envel ope
cal cul ati on cont r ofirstriict Nth t(N is am\iﬁtegpe cgdplitd werargenithan Itwe. ) léwequency
envel ope superposition 5 unit, | frequency envel ope cal cul ation unit,
2,102, 202, 3oirequs:pejécb|anértmd@rnvelzme calowlationmpeansgfarranalyzibg the low
frequency band encodi.ng unit ban spli t| g filter bank un|t

. suppl ement adtequensy rhandosignak tqap rredqinde dhe Jasnepsyedemash &’a‘ih@ul atl on
un|t 2el-2e Iowfre band tine nveIo e cal cul ati,on u
i enve o SEEUEBLY GRS RO ANEAN EP SRS JGTE. NGRS aoR ancod ng
it, t t t 2i .
NURERE (UNE nﬁwﬁﬁﬂijfé‘ﬁ’f{e%ﬁéﬂg}i%ﬁ@spgeﬁgfﬂﬁfaf Pttt :Jm‘orma!ti on
| d hesi
generation unit, § 912(/&16@”@9&:&3?% Iﬁ@ﬁl?é; & ucfﬂl&ulat?l ) C%Psynt esi s

filter bank unit requency enve e |nforrrat| ation

unit 15 CLA'ﬂ‘@uency ba]ﬂd ﬁn?@%ﬁ@@ldi)%cﬁﬁﬁg ﬂl'éahnﬂ?‘éﬁdéﬁ)p% hfdadassguence of

encoded speech signal, conprising: denul ti pl exi ng nmeans for

demul ti pl exi Rehiches @Qdﬂded&@uﬂfmeodﬁdltéq&nb@\ﬁe%@mgeﬁl@d/ degushttogied sequence
and a high frequency band coded sequence;
means, and the plurality of low frequency band time envelopes, which
10 are acquired by the low frequency band time envelope calculation
means;
time envelope adjustment means for adjusting, using the time
envelope acquired by the time envelope calculation means, a time
envelope of the high frequency band components generated by the high
15 frequency band generation means; and
inverse frequency transformation means for adding the high
frequency band components, which are adjusted by the time envelope
adjustment means, and the low frequency band signal, which is decoded

by the low frequency band decoding means, and outputting a time

20 domain signal containing entire frequency band components.

2. A speech decoder that decodes a coded sequence of encoded

speech signal, comprising:
demultiplexing means for demultiplexing the coded sequence
25 into a low frequency band coded sequence and a high frequency band

coded sequence;
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| ow frequency band decodi ng nmeans for decoding the | ow frequency band coded
sequence denul ti pl exed by the denultipl exi ng neans and obtaining a | ow
frequency band signal; 10frequency transformation neans for transform ng
the | ow frequency band signal, which is obtained by the | ow frequency band
decodi ng neans, into a frequency domai n; hi gh frequency band coded
sequence anal ysis neans for analyzing the high frequency band coded
sequence demrul ti pl exed by 15t he denul ti pl exi ng neans and acquiring

suppl ementary information for high frequency band generation and tine

envel ope |nfornat|on coded sequence decodi ng anpd dequanti zation
means for decoding erf@@@@a%lmdg degad %pﬁ‘eﬁ#@nﬁ‘% ﬂqcﬁfikﬂgrréhﬁolﬁ“’\‘ or high

T R Ul S U
for higgh fredﬁgm‘cﬁ/&b‘gﬂé%&elﬂggﬁto%h&g%ﬁg@e@%}@ %ﬂgyggded sequgnce decodi ng
and dequanti zation g ﬂg@% hi.gh ro(r)rfr?nﬁ'ﬁﬁ) l){ggvgrgd ﬁgnﬂ%g@téﬁldhgl H{L.e foequency

domai n of the speec nal requency ghal

transf gr med ,ﬁ,é érf&? Mrﬁggﬁg(}ﬁy AeiE s labtdihed fuye %@W fré??%{ r B&td on

means; st to Nth is an integer equa to or than two )

| ow frequencydé@@ﬂchg m¥Eansrined @@ﬁzcﬁh@h@ﬁﬁ@h‘lm means for analyzing the | ow
frequency band si gnal transformed into the frequency domain by the

frequency transf or i@gh ofreqeemsy abshdicopdad rgpquenee eanvaysipesndams dor
Splurality Ofanla(l)}\fl\élIléet?lgel?l% Rgggesney band coded sequence demultiplexed by
the demultiplexing means and acquiring coded supplementary
10 information for high frequency band generation, frequency envelope
information, and time envelope information;
coded sequence decoding and dequantization means for
decoding and dequantizing the supplementary information for high
frequency band generation, the frequency envelope information, and the
15 time envelope information acquired by the high frequency band coded
sequence analysis means;
high frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
20 frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means;
first to Nth (N is an integer equal to or larger than two ) low
frequency band time envelope calculation means for analyzing the low

25 frequency band signal transformed into the frequency domain by the

frequency transformation means and acquiring time envelopes for a

163



ti me envel ope cal cul ation neans for calculating a high frequency band tine
envel ope using the tinme envel ope information, which is acquired by the
coded sequence decodi ng and dequantization neans, and the plurality of |ow
frequency band tine envel opes, which 10 are acquired by the | ow frequency
band ti ne envel ope cal cul ati on neans; ti me envel ope adjustnent nmeans
for adjusting, using the tinme envel ope acquired by the tinme envel ope

cal cul ati on neans, a tine envel ope of the high frequency band conponents
generated by the high 15frequency band generation neans; and i nverse
frequency transformation means for adding the high frequency band
conponent s, m@htaetlemfipguenchpands:; ti ne envel ope adj ust nent neans, and

the | ow frequency hand signal, ich is decoded by the | qw frequepcy band
decodi ng nmeans, andTut MR salcrlationodwsans rgralcwatngi & ggnti re

léﬁﬂgﬁgéyog " HrcER 50 ms 5&5?@82\}%3%Eﬁﬁgﬂﬁfe"%ﬁ‘rfﬂt@?@t H&ﬁfﬁ?ﬁ’f@raigfﬁged
roans for Sl qehlged 1S, SROSReCUERRE. L AIAI N LARHERRY, D27

coded sequence an guency cod seq
frequesicy ba (o] Ta fitd OF 1 j nfd coded
sequeﬁsge derru@ﬁa?% ggggg%met%ewﬁfﬁfglgg%r%hﬁ%ﬂgg an%?g?sﬁﬁﬁgfég | ow
frequency bange sicglatd by the low fre§GMRIIC bahdaificOeRélops SEBNRtIOAr
transformng the l'ow 5 frequency band signal, which is oObtained by the | ow
frequency bamgeatgcodi ng nmeans, into a frequency domain; hi gh
frequency band coded sequence anal ysis neans for analyzing the high
frequency band codfdgsenpeanecldpensuperposikmn meahhdodsupeimpbsinigntheneans and
acquiring coded suppl enentary. . . . )
frequency envelope " information, which is acquired by the coded
10 sequence decoding and dequantization means, onto the high frequency
band time envelope and acquiring a time-frequency envelope;
time-frequency envelope adjustment means for adjusting, using
the time envelope acquired by the time envelope calculation means and
the time-frequency envelope acquired by the frequency envelope
15 superposition means, a time envelope and a frequency envelope of the
high frequency band components generated by the high frequency band
generation means; and
inverse frequency transformation means for adding the high
frequency band components, which are adjusted by the time-frequency
20 envelope adjustment means, and the low frequency band signal, which
is decoded by the low frequency band decoding means, and outputting a

time domain signal containing entire frequency band components.
3. A speech decoder that decodes a coded sequence of encoded

25 speech signal, comprising:

demultiplexing means for demultiplexing the coded sequence
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10 information for high frequency band generation, frequency envel ope
information, and tine envel ope information; coded sequence decodi ng
and dequanti zation neans for decodi ng and dequanti zi ng the suppl enentary
information for high frequency band generation, the frequency envel ope
information, and the 15 tine envelope information acquired by the high
frequency band coded sequence anal ysi s neans; hi gh frequency band
generation means for generating, using the supplenentary information for
hi gh frequency band generation decoded by the coded sequence decodi ng and
dequanti zati on neans, _high 20 frequency band conponents in the frequency
domai n of thenkpaden fieghancy band apded Frapereruandyr bighdireqeendy banthsf or ned
into the fre ueeﬁy domai n by the frequency transformation neans;

first to Nth sCaHCRGR eger equal to or larger than two ) |ow frequency

Pl tranat or wS 168, Stafiehey SR UrCRhirE Sl faf el ghé Seney band
t f ti iy rd i -al | fol

[ r equency baniedbetey BARY BoAed oclehed RINLRRES E0MNG eBtiBlexie O] | o0
hi gh fsequencyeRanshd bpBiSn edl%@@fﬂégu&wbﬁld siggaenvel ope information,

which I's acquired by the coded sequence “decodi and dequantization 5

means, and the pl ufadquiencef tlaf¥fdriretieanaitedidndoti Mansfyaliggethe Wiaveh are
acquired by the | ow frequency band tinme envel ope cal cul ati on neans;

frequency envigéquencyubandasdral,owhienis obtainsd o the dewnigedienclyr ban@ncy
envel ope information, which is acquired by the coded 10 sequence decodi ng
and dequant i zdsciodingremass, iof a fteqeehcydomaduguency band ti nme envel ope and
acquiring a ti ne-frh?gue?r%éuggé/yelgapne& coded sequence analysis means for
10 analyzing the high frequency band coded sequence demultiplexed by
the demultiplexing means and acquiring coded supplementary
information for high frequency band generation, frequency envelope
information, and time envelope information;
coded sequence decoding and dequantization means for
15 decoding and dequantizing the supplementary information for high
frequency band generation, the frequency envelope information, and the
time envelope information acquired by the high frequency band coded
sequence analysis means;
high frequency band generation means for generating, using the
20 supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means;

25 first to Nth (N is an integer equal to or larger than two ) low

frequency band time envelope calculation means for analyzing the low
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ti me-frequency envel ope adj ustnent neans for adjusting, using the tine
envel ope acquired by the tine envel ope cal cul ati on neans and the

ti me-frequency envel ope acquired by the frequency envel ope 15 superposition
nmeans, a tine envel ope and a frequency envel ope of the high frequency band
conponents generated by the high frequency band generation neans; and

i nverse frequency transformati on neans for addi ng the high frequency band
conponents, which are adjusted by the tinme-frequency 20 envel ope adj ust nent
means, and the | ow frequency band signal, which is decoded by the | ow
frequency band decodi ng nmeans, and outputting a tine donain_signal

contai ni ng etaqueney drudnsignph tiansformsdeints the frequency doman bx theeech
decoder that decodes a coded sequence of encoded 25speech signal,
conprising: JdESAYEREY)| E3ASAQIIAEER MeRnsy aRd | 2GGWIERE HyMme neitderes 2%@%%

into a | ow frequenc and. coded seqguence and a high frequency band coded
sequence; p%]fa 1ty¥fg:w%1;eé]d18g%§aﬂ§§]d decodi ng neans for decoding the | ow

and obtai ni ng o | o5 cALNEye pang o e ety BI7, GifelbR: H AR, oo

reans gor tr %&h@a %ngih?irﬁd@‘@n%ﬁ)ga‘égﬁﬁ?ﬁﬁbﬁﬁdtiﬁ{eg 3Abelo Lﬁﬁofﬁaﬁ’ﬁ,gL”Ed by

the low freq ecodi ng ne to a frequenc onal n;

frequency baRrghieRq§GcgarEgHLIRNSbI SediRARE de@bdinkOamdAcydameatida hi gh
frequency band coded sequence denultipl exed by the denultiplexi ng neans and

acqui ring cogeehrsumel egsluedl ity iofflowntaéd@wncl Wank tirhe fonegLegies ywiididis
generation, frequency envel ope information, and tine envel ope information;
coded sequenaequdizedbiyribe dmat fdameany ibaaditone epeeiopé calculBiatemednsiy and
dequanti zing the supplenentary information for high frequency band
generation, the fré&gquersy eavetlope icalaaten omeansd fone aalerdaieng eleope
i nforpmation z%cqui red by lt he hi,gh frequency band coded sequence anal ysis
meanslO requency envelope using the frequency envelope information acquire
by the coded sequence decoding and dequantization means;
time-frequency envelope adjustment means for adjusting, using
the time envelope acquired by the time envelope calculation means and
the frequency envelope acquired by the frequency envelope calculation
15 means, a time envelope and a frequency envelope of the high frequency
band components generated by the high frequency band generation
means; and
inverse frequency transformation means for adding the high
frequency band components, which are adjusted by the time-frequency
20 envelope adjustment means, and the low frequency band signal, which
is decoded by the low frequency band decoding means, and outputting a

time domain signal containing entire frequency band components.
4. The speech decoder according to any one of Claims 1 to 3,

25 further comprising;:

time envelope calculation control means for controlling, using
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hi gh frequency band generati on neans for generating, using the 20

suppl enentary information for high frequency band generati on decoded by the
coded sequence decodi ng and dequantizati on neans, high frequency band
conponents in the frequency domain of the speech signal fromthe | ow
frequency band signal transformed into the frequency domain by the
frequency transformation neans; 25first to Nth (Nis an integer equal to or
| arger than two ) |low frequency band tinme envel ope cal cul ati on nmeans for
anal yzing the low frequency band signal transformed into the frequency
domai n by the frequency transformati on neans and acquiring tinme envel opes
for a plural ithg low frequenesgband wigneddsansfeimed énfocthgpliequansyl demain neans

for calculating.a high 5 frequency band tine envel ope. .using the tjne
envel ope i nf &rynf&&eigmuwctﬁansgora%fmn By, @W@ﬂ%m@do‘g@gﬁé Blatgeok ng and

e e R
caleul ot on RSk SSWIREY cATPhRIEpRALSHAE AT SRARTRR B B 09 2

eh q ! cy € _ o o
e coged se ﬁc?%%ﬁﬁ'tﬁ?e %H@naljgﬁg ‘i'ﬁ”ﬂltéé fifild é}g\reTﬁﬁé‘éalculanon rflbéﬁ%. requency

envel ope adj ustnent” neans for a sting, using the tine envel ope acquired
by the tine envel ope cal cul ati on neans and the frequency envel ope acquired
by the frequency envel ope calculation 15 neans, a tinme envel ope and a

frequency envel ope 50fTHehgpdeich ddcodat adcordian to aayreneof Clagnenageed, by the
hi gh frequency band generati on neans; and I nverse frequency

t ransf or mat i dortireacemboisireddi ng the hi gh frequency band conponents, which
are adjusted by the tinme-frequency 20 envel ope adjustnment neans, and the
| ow frequency bandtignggavelopgi etculgtien s | pneatre fon eontireldingn apingand

decodi means, and outputti a.tinme domgin signgl containi tire
fr equgﬂgy b aﬁge @%%@48@‘; 1intlg)glzmatlon acquﬁe by the Coded sequence &%og{]ng

and dequantization means, at least one of (i) calculation of the low
frequency band time envelopes in the first to Nth low frequency band
time envelope calculation means and (ii) calculation of the high
frequency band time envelope in the time envelope calculation means.
15
6. The speech decoder according to any one of Claims 1 to 3,
wherein
the high frequency band coded sequence analysis means further
acquires time envelope calculation control information, and
20 the speech decoder further comprises time envelope calculation
control means for controlling, using the time envelope calculation
control information acquired by the high frequency band coded
sequence analysis means, at least one of (i) calculation of the low
frequency band time envelopes in the first to Nth low frequency band
25 time envelope calculation means and (ii) calculation of the high

frequency band time envelope in the time envelope calculation means.
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4. The speech decoder according to any one of Clains 1 to 3, 25further
conprising. tine envel ope calculation control nmeans for controlling, using
the |l ow frequency band signal transformed into the frequency donain by the
frequency transformati on nmeans, at |east one of (i) calculation of the |ow
frequency band tine envelopes in the first to Nth |ow frequency band tinme
envel ope cal cul ation neans and (ii) cal culation of the high 5frequency band
time envelope in the tine envel ope cal cul ati on neans. 5. The speech
decoder according to any one of Clains 1 to 3, further conprising: tine
envel ope cal cul ation control means for controlling, using 10 the tine
envel ope i nformation acquired by the coded sequence decodi ng and
dequanti zati on nmeapns st, one of (i). calculation of the Iom1frequency
band tinme envel opeé: Thetsw@efﬁ dgeodey erd@&mwem@wﬁ Ghms kdochvel ope
cal cul ati on ans. and (ii) calculation of the hlgh frequency band tine
envel ope in W& e envel ope cal cul ati on neans. 6. The speech

frequency band Q%d i T8 @Q@w‘?fcx‘%a%s”éod#ga%@ﬁ?n%%é%bgsqwa%s b’ Shvel ope
cal culation gg@g 1h{%f<9{d%oéeoéhl Bﬂoﬁ%bﬁ?ro?ﬂﬁ%ﬁﬂaﬁ ﬁoder further conprises

time enveI op atl on C ntro neans or contro I ng usi ng the time
envel ope cal cul ati gfp E6UHd §q ueﬂf:erd@e@)mp Mabq%t%tlbh%ewmmuency

band coded sequence anal ysi s neans east one of (i) calculation of the
| ow frequencychaines iddmdeﬁ‘bqile(nb?%nlvelotphanfdrh‘&itldmahﬁh | ow frequency band
the speech decoder further comprises time envelope calculation
control means for determining, based on the time envelope calculation
10 control information, whether to adjust the frequency envelope of the
high frequency band components based on the second frequency
envelope information and, when it is determined to adjust the frequency
envelope, controlling not to perform calculation of the low frequency
band time envelopes in the first to Nth low frequency band time

15 envelope calculation means or calculation of the high frequency band

time envelope in the time envelope calculation means.

8. The speech decoder according to Claim 2 or 3, wherein
the time-frequency envelope adjustment means processes, with a
20 specified function, the high frequency band components of the speech

signal generated by the high frequency band generation means .

9. The speech decoder according to any one of Claims 1 to &,
wherein
25 the low frequency band time envelope calculation means

processes, with a specified function, the acquired plurality of low
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25ti me envel ope cal cul ati on nmeans and (ii) calculation of the high
frequency band tine envelope in the tine envel ope cal cul ati on neans.

7. The speech decoder according to any one of Clains 1 to 3, wherein

t he hi gh frequency band coded sequence anal ysis neans further 5acquires

ti me envel ope cal culation control information, t he coded sequence
decodi ng and dequanti zati on nmeans further acquires second frequency
envel ope i nformati on, and t he speech decoder further conprises tine

envel ope cal cul ation control neans for determ ning, based on the tine
envel ope calculation 10 control information, whether to adjust the
frequency enESQFECYDANRLIME§AVEIOPESiency band conponents based on the
second frequency envel ope information and, when it is determ ned to adjust
t he frequency envel ope, controlling not to performcalculation of the | ow

frequency band t 11 oRuEl 0 Sol BadiiBad fictiack 4 Dol ST aBRphand Cine

15envel ope cal cul ation ans “or “cal on” of band tine

envel ope in the ti %q%@é?*ﬂ%@%ﬁ@%ﬁ&ﬂ\}ﬁﬁ irﬁEm‘i@%?-transformi%gt %}E@ts?ﬁg@f?equency

decoder according to ereln
envel ope adj ugsRENhtoO R #RIYUBAOFEBERRAM; W th a 20specified function, the high

frequency band conponents of "t he speech
down-sampling means for down-sampling the speech signal and
acquiring a low frequency band signal;
low frequency band encoding means for encoding the low
frequency band signal acquired by the down-sampling means;

10 first to Nth (N is an integer equal to or larger than two ) low
frequency band time envelope calculation means for calculating a
plurality of time envelopes of low frequency band components of the
speech signal transformed into the frequency domain by the frequency
transformation means;

15 time envelope information calculation means for calculating,
using the time envelopes of the low frequency band components
calculated by the first to Nth low frequency band time envelope
calculation means, time envelope information necessary to acquire a
time envelope of high frequency band components of the speech signal

20 transformed by the frequency transformation means;

supplementary information calculation means for analyzing the
speech signal and calculating supplementary information for high
frequency band generation to be used for generating high frequency
band components from the low frequency band signal;

25 quantization and encoding means for quantizing and enceding

the supplementary information for high frequency band generation,

169



signal generated by the high frequency band generati on neans. 9. The
speech decoder according to any one of Clains 1 to 8, wherein 25the | ow
frequency band tine envel ope cal cul ati on neans processes, with a specified
function, the acquired plurality of low frequency band time envel opes.

10. A speech encoder that encodes a speech signal, conprising: frequency
transformati on neans for transform ng the speech 5signal into a frequency
domai n; down- sanpl i ng neans for down-sanpling the speech signal and
acquiring a | ow frequency band signal; |ow frequency band encodi ng neans
for encoding the | ow frequency band signal acquired by the down-sanpling
means; 10 f whiehipgenerated hsthgrsuppegentasyiprnation chleplption H&aAwo ) | ow

frequency band.tine _.envel ope cal cul ation ans .for. cal cyl ati a plurality
of tinme enveF‘Bﬂe@eofln}eo\ﬂPY&QHﬁe'ﬁgVnﬁ%tW’c‘g éhical at?aeb%ﬁggcqﬁm& gnal

t f d int h d ' he f t f ti

reans: 15¢1 meRenobe gt R SRR A RS Ton means Tor  ealcul ating.  usi ng

the time envel onesogied Neghgitd BEANAGIODAAMLROTRE AL RuERNE Y Aligf DY the
a al cul atl on

first to Nth | ow frequenc nd time envel ope ¢ ans, “time

e O RO LR AN LB T B o vy
high frequency band generation and the time envelope information
quantized and encoded by the quantization and encoding means; and
multiplexing means for generating a coded sequence in which
the low frequency band coded sequence, which is acquired by the low
10 frequency band encoding means, and the high frequency band coded

sequence, which is constructed by the coded sequence construction

means, are multiplexed.

11. The speech encoder according to Claim 10, further
15 comprising:
frequency envelope calculation means for calculating frequency
envelope information of the high frequency band components of the
speech signal transformed into the frequency domain by the frequency
transformation means, wherein
20 the quantization and encoding means further quantizes and
encodes the frequency envelope information, and
the coded sequence construction means constructs the high
frequency band coded sequence by further adding the frequency
envelope information quantized and encoded by the quantization and

25 encoding means.
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20transfornmed by the frequency transformati on neans; suppl enment ary

i nformation cal cul ati on nmeans for anal yzing the speech signal and

cal cul ating supplenentary information for high frequency band generation to
be used for generating high frequency band conponents fromthe | ow
frequency band signal; 25quantization and encodi ng neans for quantizing and
encodi ng the supplenentary information for high frequency band generati on,
which is generated by the supplenentary information cal cul ati on neans, and
the tinme envel ope information, which is calculated by the tinme envel ope

i nformation cal cul at,i means; coded sequence congt.ruction s for
constructing a hi gﬂtz gﬂ?er éﬁ?ﬁéﬁcﬁnﬁ%ff?& %%&é@ngeﬁhgﬁw ﬁldomtlﬁgaiggbﬂenent ary
information for hii h _frequency band generation and the tinme envel ope

i nformation qct?éﬂm 88 and encoded by the quantization and encodi ng neans;

and mul ti pl e’&bﬂgo'imﬁﬁﬁrﬁqﬁfioﬁe\%ﬁﬁ@ﬁaitiBﬂ %Sé?ﬁeggﬁgéﬁﬁﬁgﬁfl%atﬁ%c“ the

| ow frequency band coded sequence, Ich1s acquir

frequency bangheieRdicARUIRAIE cofftd] lilfortAlon’ HefuSsyolDatectiRIogeauence,
which is constructed by the coded sequence construction neans, are

nul ti pfexed. calculation in a speddh ddtwdesneaghatclagstdarte @EpiRi dpgetlo signal m 10,
further 15 conpri sing: frequency envel ope cal cul ation neans for

cal cul ati ng fragienmsd émteehe deequehoy domain hyf thehfeeduegtcyf trapdemeatidrand
conponents of the speech signal transforned into the frequency domain by
t he frequencymeanmahdr (gt thentimeaasyelaperisfornzgidne calgatated &y de &imee encodi ng

means further quantizes and encodes. the frequency envel ope i nformation, and
envelope information calculation means, wherein

the coded sequence construction means constructs the high
10 frequency band coded sequence by further adding the time envelope
calculation control information generated by the control information

generation means.

13. The speech encoder according to any one of Claims 10 to 12,

15 wherein
the time envelope information calculation means calculates a
time envelope of high frequency band components of the speech signal
transformed into the frequency domain by the frequency transformation
means, and calculates the time envelope information based on
20 correlation between a time envelope calculated from the first to Nth
time envelopes of low frequency band components and the time

envelope of the frequency components.
14. A speech decoding method of decoding a coded sequence

25 generated by encoding a speech signal, comprising:

a demultiplexing step, performed by demultiplexing means, of
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t he coded sequence construction nmeans constructs the high frequency band
coded sequence by further adding the frequency envel ope information

guanti zed and encoded by the quantization and 25encodi hg neans.

12. The speech encoder according to Caim210 or 11, further conprising:
control information generation nmeans for generating tine envel ope _

cal cul ation control information that controls tinme envel ope 5 cal cul ation
in a speech decoder using at |east one of (i) the speech signal transforned
into the frequency domain by the frequency transformati on neans and (ii)

the tinme envel ope.i nformati on cal cul ated, by the tine envel o i nf Qrmati on
cal cul ati on ﬁﬁ%ﬁtlp%ﬁg}t‘gi%i\e Fﬁéeiéﬁﬂﬂe%ﬁgﬁc%q@ﬂn ?ﬂﬁ%li%ﬁ?ag&d?%fegonst ructs
envel ope. cal SR BB F SR N B QGBTSP AU et by t he control

i nformation generafi P 8 Th C r
according to any O%e%(}?rngaeg]'i%%(:)iob?%d 19?C%I\}\%e§[eeph 56&8ﬁﬁ§(ge8?i (r?r(g‘%envel ope
i nformation i R A hdanat i1 Vi i requency
band corrponeglt%sg%gbé’i t?gﬂgpeecﬁl@gna gi ?grﬁfgglggdﬁ%nﬁg@?ﬁg%kpg%%ﬁgy domai n

by thesfrequepdydt Eé%ﬁﬁah@é NEEMANPRREE . b?n%é?adié‘{ﬁhﬂipﬁéxihpe médR @nvel ope
i nformati on based on 20 correl ati on between a tinme envelope cal cul ated from

the first toobtdiningnelmnieiqopesy band eignhai;equency band conponents and the
ti me envel ope of the frequency conponents. 14. A speech

decodi ng net hod of adfieguengy atrepsfedmatignestep, 2 pgefoemad e bybyfrequemdyng a
Zgﬁﬁf[] i FS): ggflm@n%%ﬁ%ﬁ r%eags,dgfr‘ntjrlailis olrreh)ihg g[hg tlggv’ fr%?l{lgr?(:ryn%gng signal
obtained by the low frequency band decoding means into a frequency
10 domain;

a high frequency band coded sequence analysis step, performed
by high frequency band coded sequence analysis means, of analyzing
the high frequency band coded sequence demultiplexed by the
demultiplexing means and acquiring coded supplementary information

15 for high frequency band generation and time envelope information;

a coded sequence decoding and dequantization step, performed
by coded sequence decoding and dequantization means, of decoding
and dequantizing the supplementary information for high frequency
band generation and the time envelope information acquired by the high

20 frequency band coded sequence analysis means;

a high frequency band generation step, performed by high
frequency band generation means, of generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high

25 frequency band components in the frequency domain of the speech

signal from the low frequency band signal transformed into the
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derul ti pl exi ng the coded sequence into a | ow frequency band coded sequence
and a high frequency band coded sequence; a |l ow frequency band
decodi ng step, perforned by |ow frequency band decodi ng neans, of decoding
the | ow frequency band 5 coded sequence denultipl exed by the
denul ti pl exi ng neans and obtaining a | ow frequency band signal; a
frequency transformation step, perfornmed by frequency transfornmati on neans,
of transform ng the | ow frequency band signal obtained by the | ow frequency
band decodi ng neans into a frequency 10donai n; a high frequency band

oo e A ALY B SRS oo’
T R T e
crvelope |1 SURISRT bang (@ SROGRG-oClERtRydagadboa AN At (gt on

decodi ng andNﬁﬂWtﬂeﬁdéﬁdf Wﬁné%ﬁﬂb%@ﬁ@@eﬁdl&ﬁlﬁﬁﬁﬁ%@iﬁsﬁ of ahh@&iﬁ equency
band generation and the time envel ope information acquired by the ™high

20f reqgency hasdocodedusas base ItsarsfoBAeS into the fraqiem@y dowa@ifency band
generation step, perforned by high frequency band generati on neans, of

generating, usytle frequengmptrensformation mhermsedricbacduwringiagpl utaléyushloy band
gener ation decoded by the coded sequence decodi ng and dequanti zati on neans,
hi gh 25f r equetequensidandrtpoaenyvelapest he frequency domain of the speech
signal fromthe | ow frequency band signal transforned into the frequency
domai n by the freqdefiBle envriope catylaftonstsns performed by time envelope

calculation means, of calculating a high frequency band time envelope
10 using the time envelope information, which is acquired by the coded
sequence decoding and dequantization means, and the plurality of low
frequency band time envelopes, which are acquired by the low
frequency band time envelope calculation means;
a time envelope adjustment step, performed by the time
15 envelope adjustment means, of adjusting a time envelope of the high
frequency band components generated by the high frequency band
generation means using the time envelope acquired by the time
envelope calculation means; and
an inverse frequency transformation step, performed by inverse
20 frequency transformation means, of adding the high frequency band
components, which are adjusted by the time envelope adjustment means,
and the low frequency band signal, which is decoded by the low
frequency band decoding means, and outputting a time domain signal
containing the entire frequency band components.
25

15. A speech decoding method of decoding a coded sequence
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afirst to Nth (Nis an integer equal to or larger than two ) |ow frequency
band tine envel ope calculation step, perforned by first to Nth | ow
frequency band tine envel ope cal cul ati on neans, of analyzing 5 the |ow
frequency band signal transformed into the frequency domain by the
frequency transformati on means and acquiring a plurality of |ow frequency
band ti ne envel opes; a tinme envel ope cal cul ati on step, perfornmed by
ti me envel ope cal cul ati on neans, of calculating a high frequency band tine
envel ope 10 using the tine envel ope information, which is acquired by the

coded sequence decodi ng ang dequantjzation neans, and the plurality of |ow
f requency baﬁﬂn?w@d‘la’ﬁw Bga Wﬁffﬁsw@ﬂé@&ﬁﬁ’fﬂ%ﬂgby the | ow frequency band

by the t e 15 erdroBaNRITALE sidh RREEMEIRC, Py Rt e RN ATEl ope of
Lhe i gh 1 eqURNSHORANE GQUBBAER'SqRNS ALEd, fiud hegBLAY Lhegugey band

generati on he  tTme" en ope acquired trne e ope

cal cul ati on : ;o r ~mati on step, perfornmed
gg ce Rl @Hltg'rharﬂngqlgefﬁc l?a%%%dts%&{g?ﬂ&r p, P

by inverse requency t1on means, addi ng the high frequency

band cpnponents, whi Fd\va'ﬁ%q@_éh@ﬁtBgn@}’déchﬁiiﬁgnﬁteﬁ,”\éﬁéﬁ@ﬁné@'l BeL IRt neans,
and the | ow frequency band signal, which is decoded by the | ow frequency
band decodi ndretfaansy band detoditig inteing, bf wecodingi theslogndtequentyibandg t he
entire frequency band conponents. 25 15. A speech decodi ng net hod of

decodi ng a cedded ssmpence dgmmdtiplered by e tiwo ddemukipdgdagh nséapsaland

conpri si ng. . a demultiplexing step, perfornmed by denultipl exi ng neans,
of denul ti pl ektainingfelayydiequeney baedsigial a | ow frequency band coded
sequence and a high frequency bangd coded se%uence' 5a I%w ffr echuency band
decodi ng step, per$ofq§ggegc§,y|g@,ns ormation step, performed by frequency

10 transformation means, of transforming the low frequency band signal,
which is obtained by the low frequency band decoding means, into a
frequency domain;

a high frequency band coded sequence analysis step, performed
by high frequency band coded sequence analysis means, of analyzing

15 the high frequency band coded sequence demultiplexed by the
demultiplexing means and acquiring coded supplementary information
for high frequency band generation, frequency envelope information,
and time envelope information;

a coded sequence decoding and dequantization step, performed

20 by coded sequence decoding and dequantization means, of decoding
and dequantizing the supplementary information for high frequency
band generation, the frequency envelope information, and the time
envelope information acquired by the high frequency band coded
sequence analysis means;

25 a high frequency band generation step, performed by high

frequency band generation means, of generating, using the
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frequency band decodi ng neans, of decoding the | ow frequency band coded
sequence denul ti pl exed by the denultipl exi ng neans and obtaining a | ow
frequency band signal; a frequency transfornmation step, perfornmed by
frequency 10 transformation nmeans, of transformng the | ow frequency band
signal, which is obtained by the | ow frequency band decodi ng neans, into a
frequency domai n; a high frequency band coded sequence anal ysis step,
performed by high frequency band coded sequence anal ysis nmeans, of
analyzing 15 the high frequency band coded sequence denultipl exed by the
demul ti pl exi ng neans and, acqui r,i ng, coded suppl enentary information for high
frequency barf¥pPgeieeniarsHiformaton eyh@ivépab@qynb @Wﬁt,loraﬁ@ceq?% :

I i nf i on; ded d [ d tizati tep,
§2¥?3f3?£d' 23%83%'@88_%&2%%: eéeeqo%wle”éﬁrag%%ﬁfc?&a%ﬁﬂ@e f@ﬁ‘ﬁ%h&% of
ecodi ng an antizin S e a Qr on r,. hi [ equenc
band geger at |fg§ﬁyetnﬁ% 5?%‘%&@6@?‘%&\%#@5@% #g{lﬁ&(‘t}i %?ﬂaéﬂdofﬁée tsgﬁ%dbn\q/el opg
nf ti - . b .
mmans: 250 higRAT SRt Hany e bRy e R iR TR Y ecency

band gsneratiﬂé%ﬁ@ﬁg%orﬂéin%re_ éqiibncy i fdieaticiipiehggrent ary information
for high frequency band genérati on decoded by the coded 'sequence decodi ng

and dequanti zati onanBaiso Nt9IIN fsean eiegeb afdwan 6P ene) JoinnflefBehmdyequency
dormai n of the speech signal fromthe | ow frequency band signal transforned

into the 5fr denehtiynad enmelopey cdlbelatioagstepg yper foamstobyrafirso rtondah slow a
first to Nth (Nis an integer of two or nore) |low frequency band tine
envel ope cal du¢guensl bansbtimeeeriwlops calgulatiost meansyt ¢f aalyzingdiherloy band

ti me envel ope, cal cul ati on neans, of analyzing the |ow frequency band signal

transforned iffeqreney bandystana) tensiormas itether fregrertie denain Aiys s nat i on
means gnd acqp fudity? tAnsfimatthn® meany and ACqung A pHufdTity O 100>
frequency band time envelopes;

a time envelope calculation step, performed by time envelope
calculation means, of calculating a high frequency band time envelope
using the time envelope information, which is acquired by the coded

15 sequence decoding and dequantization means, and the plurality of low
frequency band time envelopes, which are acquired by the low
frequency band time envelope calculation means;

a frequency envelope superposition step, performed by
frequency envelope superposition means, of superimposing the

20 frequency envelope information, which is acquired by the coded
sequence decoding and dequantization means, onto the high frequency
band time envelope and acquiring a time-frequency envelope;

a time-frequency envelope adjustment step, performed by
time-frequency envelope adjustment means, of adjusting, using the time

25 envelope acquired by the time envelope calculation means and the

time-frequency envelope acquired by the frequency envelope
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a tinme envel ope cal cul ation step, perfornmed by tine envel ope cal cul ati on
nmeans, of cal culating a high frequency band tinme envel ope using the tine
envel ope information, which is acquired by the coded 15 sequence decodi ng
and dequanti zation nmeans, and the plurality of |ow frequency band tine
envel opes, which are acquired by the | ow frequency band tine envel ope

cal cul ati on neans; a frequency envel ope superposition step, perforned
by frequency envel ope superposition neans, of superinposing the 20
frequency envel ope information, which is acquired by the coded sequence
decodi ng and dequantj zation neans, onto the high frequency band, tine

envel ope andSERYOPFIING MepNFEL ¥m@q9%v@9p%ﬁvé|%gr@guency engelopgedithequency

envel ope adj ystngnt ste rformed by tinme-frequenc nvel ope . adj,ust nent
means, | of adPlE HRGUSHES! hed RRMPCRENS RARTEREPLYARE Kk ATospcRRE bante

envel ope cal cul at |. ans d the tinme-frequency envel ope acquired by the
frequency enggil%ﬁggﬂéﬂn%%}spggati on neans, a tine envel ope and a frequency

envel ope of the i gy QUBGY RANTGORRANEILSF LA ETP Yy gL N

frequency band generation ne an inverse guency trans mat i on

step, perf or fRublcy MARAmRid HUIBRCI ARNAE IETH AN EBATy Panddding the

hi gh frequency band conponents, which are adjUsted by the tire-frequency
envel ope adj usinpentnipawhictangret djused featiRnaimbafefngpaknvatopeh is

decoded by the [ow frequency band decodi ng neans, and outputting a tine
donai n si gnahdpstmhentninegns ranidrthe floeduenonchdmbdigpadnedtich isldecoded 16. A
speech decodi ng nmet hod of decodi ng a coded sequence generated by encoding a
speech si gnaby thempywsiraguency band decodignmeans, estichguéppngpertimened by
T entenny” bagigasiEnal contaming ehtire fequency band components. | & 1 %
10
16. A speech decoding method of decoding a coded sequence
generated by encoding a speech signal, comprising:
o demultiplexing step, performed by demultiplexing means, of
demultiplexing the coded sequence into a low frequency band coded
15 sequence and a high frequency band coded sequence;
a low frequency band decoding step, performed by low
frequency band decoding means, of decoding the low frequency band
coded sequence demultiplexed by the demultiplexing means and
obtaining a low frequency band signal;
20 a frequency transformation step, by frequency transformation
means, of transforming the low frequency band signal, which is
* obtained by the low frequency band decoding means, into a frequency
domain;
a high frequency band coded sequence analysis step, performed

25 by high frequency band coded sequence analysis means, of analyzing

the high frequency band coded sequence demultiplexed by the
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15sequence and a high frequency band coded sequence; a | ow frequency
band decodi ng step, perfornmed by | ow frequency band decodi ng neans, of
decodi ng the | ow frequency band coded sequence denulti pl exed by the
demul ti pl exi ng neans and obtaining a | ow frequency band signal; 20a
frequency transformation step, by frequency transformation neans, of
transformng the | ow frequency band signal, which is obtained by the |ow
frequency band decodi ng nmeans, into a frequency domain; a high
frequency band coded sequence anal ysis step, performed 25by high frequency

band coded sequence anal ysis neans, of. analyzjng the high frequency band
coded sequencETHRMPIFXIBE dREMHPNE REQUHER,FP fpdéupw@m%tm infer %‘éﬁﬁ/ ring

ded I t i nf t] f hi.gh f band ti.on,
frequency. envidr dPBN FYGHEDT BRI gractatii JRAEsY sREIIRRIT BRIaHO b ded
sequence decq -Wm%%%v%focb%aiﬂtf&ﬁxﬁtji&p step, perforned 5 by coded sequence

decodi ng and dequanttzatiton neans, Jf decodi ng and dequanti zi ng the

SUPP! ement ary i nf O dcNsd fenbh AfbcbRRALERE HehAI AR AL) Beridiifed r equency

envel ope information, and the tine envel ope | rmation red by the

hi gh frequenayy Raddd cedaenss deendinganid YidgaaBadtion K] @F ddcdugncy band
generation stéep, perforned by highfrequency band generati on neans, of

generating, usiddetbantszing! gieestpplenientaynatfornafion for ghighr éggessyy band
generation decoded by the coded sequence decodi ng and dequanti zati on neans,
hi gh frequendyaridagdnemtionnehe sfrequenny eneelwpecinfdamationpfandhthes fisech 15
signal fromthe | ow frequency band signal transfornmed into the freguency
domai n by t heerriekeprerinforimadins Gebirednbyreties high frequency band coded

sequence analysis means;

10 a high frequency band generation step, performed by high
frequency band generation means, of generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech

15 signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means;

a first to Nth (N is an integer equal to or larger than two ) low
frequency band time envelope calculation step, performed by first to
Nth low frequency band time envelope calculation means, of analyzing

20 the low frequency band signal transformed into the frequency domain
by the frequency transformation means and acquiring a plurality of low
frequency band time envelopes;

a time envelope calculation step, performed by time envelope
calculation means, of calculating a high frequency band time envelope

25 using the time envelope information, which is acquired by the coded

sequence decoding and dequantization means, and the plurality of low
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afirst to Nth (Nis an integer equal to or larger than two ) |ow frequency
band tine envel ope calculation step, perforned by first to Nth | ow
frequency band tine envel ope cal cul ati on neans, of analyzing 20 the |ow
frequency band signal transformed into the frequency domain by the
frequency transformati on means and acquiring a plurality of |ow frequency
band ti ne envel opes; a tinme envel ope cal cul ati on step, perfornmed by
ti me envel ope cal cul ati on neans, of calculating a high frequency band tine
envel ope 25using the tine envelope information, which is acquired by the
coded sequence decodi pg and dequanti zation neans, and the plurality of | ow
frequency bahiEdUEREY eE@‘é‘Foﬁi@@, SN PRy é”g@gﬁiaf%dawli% hYOvP?lPr &¥ency band

time envel opg}éﬁ&al cul Bt i @n neans; %tf rerguen(;y envel ope cal cul ation

ﬁ ep, perfor I ;152‘53{ &y SH&%/e%f %P?JB@CB P\l?lel F?"fn_ means, of cal cul ?teijng a
equency enve

the | g od eé sequen (F:) e? 32‘%:‘@%1“?% r}%ﬁ' § fogmgq%[;ﬁ%{llaﬁgpi 83%9’ n%%ﬁér%éwb& %%Cﬁfe%%& g

time-f reque“%)ivé’l%ﬁé'&?&ﬂéﬁ'b%ﬁ%%{%h g??c%ibul%%éﬁ?ﬁ%%ﬁ?é&édﬁ%l&e&%ﬁ cy

envel ope adj ustnent neans, ing, usl envel ope dcquired

by thestine eny Q’félﬁl%n@?'&We%ﬂ@ﬁhﬁﬁ%@ﬁoﬁ”@bdlﬁ&dlgyfﬂ@qw s@di\Yéi‘ic@pe
acquired by the frequency envel ope cal cul ation neans, a tine envel ope and a

frequency endetodiggaind dwjuangbatisremeansy band conponents generated by the
hi gh frequency bang generati on neans; and an inverse frequency
transformati on step, tipe-freqoentybyenveleps eadjistmadustepy pedorhed nmhyi on
means, of adding the high frequency band conponents, which are adjusted by
the ti ne-fredieeréigquaney eneclape adiussmenthmeass, einatljusting, awing teuemey band
signal, which is decoded%y the | ow frequency b@ﬁi decodi ng ne n%, and

out putting a CRVEAO PG oG HT @B{thecéml%liWVﬁ Réh Rty geeRNE BB dthe

compopgnt s. frequency envelope acquired by the frequency envelope calculation
means, a time envelope and a frequency envelope of the high frequency
band components generated by the high frequency band generation
means; and
an inverse frequency transformation step, performed by inverse
15 frequency transformation means, of adding the high frequency band
components, which are adjusted by the time-frequency envelope
adjustment means, and the low frequency band signal, which is decoded
by the low frequency band decoding means, and outputting a time
domain signal containing entire frequency band components.
20
17. A speech encoding method of encoding a speech signal,
comprising:
a frequency transformation step, performed by frequency
transformation means, of transforming the speech signal into a
25 frequency domain;

a down-sampling step, performed by down-sampling means, of
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20 17. A speech encodi ng net hod of encoding a speech signal,

conpri si ng: a frequency transformation step, perfornmed by
frequency transformati on nmeans, of transform ng the speech signal into a
25frequency domai n; a down-sanpling step, performed by down-sanpling neans,
of down-sanpling the speech signal and acquiring a | ow frequency band

si gnal ; a |l ow frequency band encodi ng step, perforned by | ow
frequency band encodi ng neans, of encoding the | ow frequency band 5 signal
acquired by the down-sanpling neans; afirst to N\th (Nis an integer

equal to or larger than two ) |ow frequency band tine envel ope cal cul ation
step, perfor MQVyampliag the Wchcﬁhgﬂfﬁeﬁﬂfb%qmﬁﬁgoa lowelreguancypland

cal cul ation neans, of calculating a plurality of time envel opes of |ow
frequency barr®E®nponents of the 10 speech signal transformed into the

et apo’t i orra dn 051 PR 2o HEbM S gm0
e | ow 17 oquiry Bk EATHIng mERNE i ing P ol el AR PP
frequegcy barg;igﬁdl%g@ﬂgg!bggﬁe%wggfhggﬂﬁqﬁmg time envel ope information

necessary to actquire a tinme envel ope i gh frequency band conponents of

the speech signal frfassfhoMNmBdN)s hheinfdgeswenaltd bansker fiwdr 6o NEams; a
suppl ementary information cal cul ation step, performed by 20 supplenentary

i nformati on dadquenayi bandrtians envélopeatalzulagohhsteppperdtbrmedrial fastdto

cal cul ati ng suppl enentary information for high frequency band ?enerati onto
be used for d¥iheloar fieguanehbaned tioeneywvdlapecaleniatiosrmeans, ehcalealating
frequency band si glir,lal; ) a quanti zation and encodi ng step,
performed by dphmdlityef Bmesgnvelopes of low frequency band components of the

10 speech signal transformed into the frequency domain by the frequency
transformation means;

a time envelope information calculation step, performed by time
envelope information calculation means, of calculating, using the time
envelopes of the low frequency band components calculated by the first

15 to Nth low frequency band time envelope calculation means, time
envelope information necessary to acquire a time envelope of high
frequency band components of the speech signal transformed by the
frequency transformation means;

a supplementary information calculation step, performed by

20 supplementary information calculation means, of analyzing the speech
signal and calculating supplementary information for high frequency
band generation to be used for generating high frequency band
components from the low frequency band signal;

a quantization and encoding step, performed by quantization and

25 encoding means, of quantizing and encoding the supplementary

information for high frequency bands generation, which is generated by
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25encodi ng neans, of quantizing and encodi ng the suppl enmentary information
for high frequency bands generation, which is generated by the

suppl ementary i nformation cal cul ati on neans, and the tinme envel ope
information, which is calculated by the tine envel ope information

cal cul ati on neans; a coded sequence construction step, perfornmed by coded 5
sequence construction nmeans, of constructing a high frequency band coded
sequence fromthe supplenentary information for high frequency band
generation and the tine envel ope informati on quanti zed and encoded by the
guanti zati on and encodi ng neans; and a multiplexing step, performed by

mul ti pl exi ngﬂmaaﬁ@plgmemglrgen@foémaﬁ@na @dedation qmness, i #dihthen me | ow

f band coded, , ich . i.red by the.l f band
encodi ng meaRBYCLBRE (WGTRRHAN (Whindy salkitedehy SUHEE, WRFLRS s
constructed by.the .cod equence construction nmeans, are nultipl exed.
1518. A speeé‘%foawgapﬁg?%ﬁ%@?%metaﬂgt decodes a coded sequence of encoded

speech signal, theapEﬁ&é&‘”&%‘é@;bggcé‘nﬁﬁiH?ﬁhersté URSHHRD 3% coded

dernul ti pl exi ng nmeans Tor de | exi'ng the coaéd'sequénce rnto a | ow

frequency ba@é’%&&ﬂﬁdc&%‘iﬂféﬁ% Akdng Bf %Bngtrrﬁﬂg?%"% hi regilerOf @fingequence;

| ow frequency band decodi ng means for decodi I"ow fr'equency band coded

sequence demébtibc_ﬂl|s@éf@éilc@>’fr(§rh&hé%ﬂ‘PbIdn@érﬁﬁf}nﬁlfﬁﬁﬁ:Eﬁo@ﬂﬁk Righafreduighcg | ow
frequency band signal; requency transfornmati on neans for

transf or mi ngbahd pemeratibn eapbrthy tiared esivglvgle dfosinatidn byuatitézddowantdr equency
band decoding neans into a frequency donain;
encoded by the quantization and encoding means; and
a multiplexing step, performed by multiplexing means, of
10 generating a coded sequence in which the low frequency band coded
sequence, which is acquired by the low frequency band encoding means,
and the high frequency band coded sequence, which is constructed by

the coded sequence construction means, are multiplexed.

15 18. A speech decoding program that decodes a coded sequence
of encoded speech signal, the program causing a computer to function
as:

demultiplexing means for demultiplexing the coded sequence
into a low frequency band coded sequence and a high frequency band

20 coded sequence;

low frequency band decoding means for decoding the low
frequency band coded sequence demultiplexed by the demultiplexing
means and obtaining a low frequency band signal;
frequency transformation means for transforming the low
25 frequency band signal obtained by the low frequency band decoding

means into a frequency domain,
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hi gh frequency band coded sequence anal ysis neans for analyzing the high
frequency band coded sequence denultipl exed by the denultipl exi ng neans and
acquiring coded supplenentary information for high frequency band
generation and tinme envel ope 5information; coded sequence decodi ng
and dequanti zation neans for decodi ng and dequanti zi ng the suppl enentary
information for high frequency band generation and the tine envel ope

i nformation acquired by the high frequency band coded sequence anal ysis
means; 10hi gh frequency band generation neans for generating, using the

suppl ementary informtign for high frequency band generati on decoded by the
coded sequence decck’dgh]g?@ﬁ&e@"e}qug@ﬂ(; ze@9csh SadiRECe hil@qe“l}’ﬁﬂﬁe(ﬁ@@i’éy fBaind

ts in the .f i t h h si | f t he |
Frequency bartialighG: e abr BERN B HOUES: OHERAHeaBIAPIS) Phe
Al e W e
for_anal yzi nonflindio fbp ERC ALY HARA! oLAAIRDR HRA iflk Oedliohd equency
omai n by the frequency transforrati dgn neans and acquiring a plurality of

| ow 20§r equengfoadifbr:i me envel opes; time envel ope cal cul ati on neans
for calculating a high frequency band tine envel ope using the tine envel ope

i nformation, which codedcguiji@itedydddiglicgdadds altganstzatbaodhit@nandor
dequanti zati on neans, and the plurality of |ow frequency band tine

envel opes, whisdtodifarandadgquamtikzihy thee sippletnesgagniyfonmationi fier dingtel ope
cal cul ation neans; time envel ope adjustnent neans for adjusting,

usi ng the ti reequansydpmdagendratan bt;ndtnﬂe timaenaelapeoinéonnation acfloimedreans, a
time envel ope of the high frequency band conponents generated by the high
frequency bgrm” M@Btffgﬂﬂ%H?k@Pd&%ded Sequenrgz’ analysis ?neans; d )

10 high frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the

15 frequency domain by the frequency transformation means;

| first to Nth (N is an integer equal to or larger than two ) low
frequency band time envelope calculation means for analyzing the low
frequency band signal transformed into the frequency domain by the
frequency transformation means and acquiring a plurality of low

20 frequency band time envelopes;

time envelope calculation means for calculating a high
frequency band time envelope using the time envelope information,
which is acquired by the coded sequence decoding and dequantization
means, and the plurality of low frequency band time envelopes, which

25 are acquired by the low frequency band time envelope calculation

means;
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5i nverse frequency transformati on neans for adding the high frequency band
conponents, which are adjusted by the tinme envel ope adjustnent neans, and
the |l ow frequency band signal, which is decoded by the | ow frequency band
decodi ng nmeans, and outputting a tinme domain signal containing entire
frequency band conponents. 10 19. A speech decodi ng programt hat
decodes a coded sequence of encoded speech signal, the program causing a
conputer to function as: derul ti pl exi ng nmeans for denul tipl exing
t he coded sequence 15 into a | ow frequency band coded sequence and a high
frequency band coded sequence; | ow frequency band decodi ng neans for
decodi ng the | ow f HiBguenesioperidjesment g@g@@ng@r adinsling.pisirgdtheytinge

derrul ti pl exi ng ans and optain a |l ow frequency hand signal,  20frequency

t[)an_sfo(rjngti@ﬁv ﬁs??%lrft msgﬁggﬁhgs %‘{éﬁl%%v%l@&_ﬁfé%yml??% §i‘ijW&Id o
Pi gh 1 equencyVELSRA Hdaed EEATanEBebrang PO MRS eoictafd DEMICREe hi gh
frequency ba%q@@g@qbﬁﬁaﬁgﬂgﬁgiﬁ@%s‘)'ﬁéed by 25t he denul ti pl exi ng neans

and acquiring C supplene ormati on for high frequency band

generagion, fr eq“eﬁﬁbéré*‘emff‘ééﬁggc%i RANIRhAE AB&hd ifHFdagfg‘g% ﬁggafrl]ilgilor mat i on;

coded sequence decodi ng an quanti zation nmeans for

dequant i zi ng ffdifiehbP Matdeddapdné it OWNREH are aéijfadglgyfth@quﬁe%vawé
generation, the frequency envel ope informati on, and the
adjustment means, and the low frequency band signal, which is decoded
by the low frequency band decoding means, and outputting a time
domain signal containing entire frequency band components.

10

19. A speech decoding program that decodes a coded sequence
of encoded speech signal, the program causing a computer to function
as:

demultiplexing means for demultiplexing the coded sequence

15 . into a low frequency band coded sequence and a high frequency band
coded sequence;

low frequency band decoding means for decoding the low
frequency band coded sequence demultiplexed by the demultiplexing
means and obtaining a low frequency band signal;

20 frequency transformation means for transforming the low
frequency band signal obtained by the low frequency band decoding
means into a frequency domain;

high frequency band coded sequence analysis means for
analyzing the high frequency band coded sequence demultiplexed by

25 the demultiplexing means and acquiring coded supplementary

information for high frequency band generation, frequency envelope
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5 tinme envel ope information acquired by the high frequency band coded
sequence anal ysi s neans; hi gh frequency band generati on neans for
generating, using the supplenmentary information for high frequency band
generation decoded by the coded sequence decodi ng and dequanti zati on neans,
hi gh 10 frequency band conponents in the frequency domain of the speech
signal fromthe | ow frequency band signal transforned into the frequency
dormai n by the frequency transformtion neans; first to Nth (Nis an
integer of two or nore) | ow frequency band tine envel ope cal cul ati on neans

for analyzing the | ow fraauenca and, 15 signal transformed into the
frequency dorBiYTMAFIGN@NE LHRE EHEGIOPE ARHBIAYRIE on neans and acquiring a

plurality of |ow freau&nc§ band tine envel o ti me_envel
“Calftd

cal cul ation neans £8P°€aPEaeR%nderoding PP@S%@HH@H%%OD[ i H’&a8ﬁv3$€pe usi ng
ac o ar at i rgn | \ - |

decodi ng and Sieaaie S PEhAhzife S SpbRREMEYT FiFoBalilf] RACHIRRCY band

Lime envel onfeq g babi oL O iEnt Pl IBGTLARGH, hdmenvel ope

cal cul ati on nea réquenc |'ope Superposition neans for
super i §posi ngirbenreldRAEFaatoy acqiRed HyotheahicdNfreqiney bsndeaddd ed by

t he coded sequence decodi ng and dequanti zati on neans, onfo the high
frequency barduenceaedlysik opearsnd acquiring a time-frequency envel ope;

ti me-frequency envel ope adj ustnent neans for adjusting, using the tine
envel ope acquired Mhygh firequeney banéigeperatimncmicans tor gawnatingdisime the
time-frequency envel ope acquired E)fy t he frequenc%qnenvel ope 5 superposition

nmeans, a ti nsupplamenaramformatieydenbighelieanensy band genaspgon deeedrshcy band
component s g er B *Goddd 'sequende. ddcoding and “dequinfizaton Chehns. high
10 frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
frequency domain by the frequency transformation means;
first to Nth (N is an integer of two or more) low frequency band
time envelope calculation means for analyzing the low frequency band
15 signal transformed into the frequency domain by the frequency
transformation means and acquiring a plurality of low frequency band
time envelopes;
time envelope calculation means for calculating a high
frequency band time envelope using the time envelope information,
20 which is acquired by the coded sequence decoding and dequantization
means, and the plurality of low frequency band time envelopes, which
are acquired by the low frequency band time envelope calculation
means;
frequency envelope superposition means for superimposing the
25 frequency envelope information, which is acquired by the coded

sequence decoding and dequantization means, onto the high frequency
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i nverse frequency transformati on neans for adding the high frequency band
conponents, which are adjusted by the tine-frequency 10 envel ope

adj ust rent nmeans, and the | ow frequency band signal, which is decoded by
the | ow frequency band decodi ng neans, and outputting a tinme donmain signal

containing entire frequency band conponents. 20. A speech
decodi ng programthat decodes a coded sequence 15 of encoded speech
signal, the program causing a conputer to function as: derrul ti pl exi ng

means for denultiplexing the coded sequence into a | ow frequency band coded
sequence and_a hi gh frgauency band, coded sequence; 20l gw frequency band

decodi ng meafdnd MmejeeviPRg anf @CABIMNY & HineHpqHaney ewvedar&equence
derul ti pl exed by talgne(jﬁrml tiplexi ns,and obt ai .ow fr.equency

pand si gnal ; ” iy nquqga¢§3ﬁﬁﬂ§?nfo§1%§?ép 86%41253%18 ming the
zgvnv}eaﬁgq?ﬁ? ot ?B&%ﬁ%\%@@%%ﬁ@ﬁ@f By e 18, sBNE PR AR f?&&ﬁ%ﬁ@é”g
domi t1 pl exen Ty e ARy andfork! Hqhired . B A OO et ary
i or 1§ 0N gpcflotichd ARMRICY (nGEIARE AN frdg HPTREY RSB

i nformation, and time envel ope informat , Scoded sequence decodi ng and
dequanti zat i giclré@aschey baed edhiidnents saruaetiai the hi?ﬁ fBeluene yeahdr ¥
information for high frequency band generation, the trequency envel ope
i nf or mati on, generatioa means; andel ope i nfornmati on acquired by the high
frequency band coded sequence anal ysis neans; 10hi%h frequency band
generati on means fovegsndreguengy twansigrmaféon means tor adding the high
frequency band components, which are adjusted by the time-frequency
10 envelope adjustment means, and the low frequency band signal, which
is decoded by the low frequency band decoding means, and outputting a

time domain signal containing entire frequency band components.

20. A speech decoding program that decodes a coded sequence

15 of encoded speech signal, the program causing a computer to function
as:

demultiplexing means for demultiplexing the coded sequence
into a low frequency band coded sequence and a high frequency band
coded sequence;

20 low frequency band decoding means for decoding the low
frequency band coded sequence demultiplexed by the demultiplexing
means and obtaining a low frequency band signal;

frequency transformation means for transforming the low
frequency band signal obtained by the low frequency band decoding

25 means into a frequency domain;

high frequency band coded sequence analysis means for
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suppl ementary information for high frequency band generati on decoded by the
coded sequence decodi ng and dequanti zati on neans, hi gh frequency band
conponents in the frequency domain of the speech signal fromthe | ow
frequency band signal transformed into the 15frequency domain by the
frequency transformati on neans; first to Nth (Nis an integer equal
to or larger than two ) |ow frequency band tinme envel ope cal cul ati on neans
for analyzing the | ow frequency band signal transforned into the frequency
domai n by the frequency transformati on neans and acquiring a plurality of

| ow 20frequency_ band tine envel opes; ti me envel ope cal cul ati on nmeans
for cal cul at ianglyzing ghe thighusegyensanband weded\sequpeca semyltiplexed hy envel ope

i nf ormati on, ich is acquired by the ¢oded sequenc ecodi and
dequanti zat i dﬁgné&r%‘,ﬂt@iﬁ(}“ﬂﬁe IBP%/H‘SaI ?Elé cﬁcqu\hﬁg r @Qa‘é&cfulﬁﬁpfi‘gn@mﬁ@’

envel opes, whigh 25are .acqui,r by the | ow frequency. band ti ne envel ope
oal ouroet on " Hafitafation” f6F BibH Feahenty barkt gehSRtER: Firhiengh SHETEPE or "
calculatin c L0 frequency envel ope i nformation
acquired bs ?H{é&@gagg)gl’égggﬁégﬂg%@@éil é)trgﬁalohéguant%/zati on geans;

Ll e fsequency envebant AUHSIAPdcdiRie hAY MoUakfiARion Shittns © foe L1 e

envel ope acquired by the trne enve cul ati'on neans a requency

envel ope acquideirdy dnde dbhRsEARY BRYShPMentalay! alfopmafiBANfor @idH Me
envel ope and a frequency envel ope”of the 'high fréquency band conponents

generated by frdrudhicgtbandetpreration)ahel figguenay bﬂﬂelﬁﬁaﬁlﬁformﬁoﬂ@hm&’(ée
frequency transtormation nmeans for adding the high frequency band
conponent s, wihe envelpedinfetmatitny acheired hoy- theelnighnfryquency! barel aodedst ment
nmeans, and the | ow frequency band signal, which is decoded by the | ow
frequency barf¢quercsdanyyseapeansand out putting a tine domain signal
containing entire %[eq¥ency band gonponents. 15 ) ,
10 igh frequency band generation means for generating, using the
supplementary information for high frequency band generation decoded
by the coded sequence decoding and dequantization means, high
frequency band components in the frequency domain of the speech
signal from the low frequency band signal transformed into the
15 frequency domain by the frequency transformation means;
first to Nth (N is an integer equal to or larger than two ) low
frequency band time envelope calculation means for analyzing the low
frequency band signal transformed into the frequency domain by the
frequency transformation means and acquiring a plurality of low
20 frequency band time envelopes;
time envelope calculation means for calculating a high
frequency band time envelope using the time envelope information,
which is acquired by the coded sequence decoding and dequantization
means, and the plurality of low frequency band time envelopes, which

25 are acquired by the low frequency band time envelope calculation

means;

185



21. A speech encodi ng programthat encodes a speech signal, the program
causing a conputer to function as: frequency transformati on neans for
transform ng the speech signal into a frequency domai n; 20down-sanpl i ng
means for down-sanpling the speech signal and acquiring a | ow frequency
band signal; |ow frequency band encodi ng neans for encoding the | ow
frequency band signal acquired by the down-sanpling neans; first to Nth (N
is an integer equal to or larger than two ) | ow 25frequency band tine

envel ope cal cul ation neans for calculating a plurality of tinme envel opes of
| ow frequency band conponents of the speech signal transformed into the
frequency domai n bireghendy egueslepe t calsfiaiomt imgangedns; calculating ng envel ope
i nformation cal cul ati on ans for calculating, using the time envel opes of
the | ow freq nﬁ&éﬁ&"@%ﬁdﬁé‘#ﬁ §he Bregupray gr¥elopy ipfsemetiograqqyingh | ow

| requency baqd LR S7ELoht SRLCHL AL Oy mat, e, enel cpe [ nfor et o
(e Fpocch ot Sl EAMRLIGORS, BB, BYEOGYpRETEEMIRLIRD. TRE"
5 the time envelope acquired by the time envelope calculation means and
the frequency envelope acquired by the frequency envelope calculation
means, a time envelope and a frequency envelope of the high frequency
band components generated by the high frequency band generation
means; and
10 inverse frequency transformation means for adding the high
frequency band components, which are adjusted by the time-frequency
envelope adjustment means, and the low frequency band signal, which
is decoded by the low frequency band decoding means, and outputting a
time domain signal containing entire frequency band components.
15
21. A speech encoding program that encodes a speech signal, the
program causing a computer to function as:
frequency transformation means for transforming the speech
signal into a frequency domain;
20 down-sampling means for down-sampling the speech signal and
acquiring a low frequency band signal;
low frequency band encoding means for encoding the low
frequency band signal acquired by the down-sampling means;
first to Nth (N is an integer equal to or larger than two ) low
25 frequency band time envelope calculation means for calculating a

plurality of time envelopes of low frequency band components of the
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10 speech signal and cal cul ating supplementary information for high
frequency band generation to be used for generating high frequency band
conponents fromthe | ow frequency band signal; guanti zati on and
encodi ng neans for quantizing and encodi ng the supplenentary infornmation
for high frequency band generation, 15 which is generated by the o
suppl enentary information cal cul ati on neans, and the tine envel ope

i nformati on, which is calculated by the tine envel ope information

cal cul ati on neans; coded sequence construction means for constructing

a high frequency band coded_sequence fromthe suppl enentary_information for
20 hi gh freqiPReSh gwm@f@@ﬁéﬁameénmamh% EqUeREY 130y ther Bearenon

guanti zed an(% enﬁé)rdeag. by the quantization and encodi ng neans; and
nul ti pl exi ng FRESHIT FO%%W@P%’H ng a coded sequence in which the | ow

[rcauency, band codh e SRIERES AR, SABLLDEE Poabbost Lo gigrcy, oo
constructed RyidNaneodfft SRS 6PNEE" U BRUBRLS  bad® BHfdidhexed-
5 calculated by the first to Nth low frequency band time envelope
calculation means, time envelope information necessary to acquire a
time envelope of high frequency band components of the speech signal
transformed by the frequency transformation means;
supplementary information calculation means for analyzing the
10 speech signal and calculating supplementary information for high
frequency band generation to be used for generating high frequency
band components from the low frequency band signal;
quantization and encoding means for quantizing and encoding
the supplementary information for high frequency band generation,
15 which is generated by the supplementary information calculation means,
and the time envelope information, which is calculated by the time
envelope information calculation means;
coded sequence construction means for constructing a high
frequency band coded sequence from the supplementary information for
20 high frequency band generation and the time envelope information
quantized and encoded by the quantization and encoding means; and
multiplexing means for generating a coded sequence in which
the low frequency band coded sequence, which is acquired by the low
frequency band encoding means, and the high frequency band coded
25 sequence, which is constructed by the coded sequence construction

means, are multiplexed.
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