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1 DESCRI PTI ON ENCCDI NG DEVI CE AND ENCODI NG METHOD
Technical Field 5 [0001] 1The present invention
relates to a codi ng apparatus and coding nethod for
encodi ng speech sign +@ signals. Background
Art [0002] In nnbileq%%%ﬁﬁﬁsgggﬁgns, It I's necessary
t 0 conBNeS3DANG: anEvdEe E AN T HNICAD DINKDMBTIFDMDsuch
as speech and i mages for efficient use of radio
channel capacity and storage nedia for radi o waves,
Techn®dfd PRAY coding and decodi ng schemes have been
devel oped so far. [0003] Anobng these, the performance
[0001bf Hpeaokscodiingettomnokbgys has 2 bedmg nppmatadus and coding

ignificantly b he fupdanental. sche of "CELP
methof Biiee i f &ty olhah i nd BT e S aRoni cn
skillfully adopts vector quantization by nodeling the

vocal tract system of speech. Further, the
Backgpeywnéridnce of sound coding technol ogy such as audio

odi ' Y si-gni f i b for
10002 £ ST DS LRARHAL, F AL LS b SRS M encoae
digitalVPBforn28Xip0004Ih las speech &idrialagegdisng ekfﬁﬁ:eel?pmstehef radio
LP schenme and others, a _speech signal is often .
Chann‘%sﬁ?lé%‘éﬁi’é’d“ﬁﬁt%ﬁgéx&eldéﬁi%’ﬁ a0 syAt fespBdfppgreoding and

decodith oV €M Qe NBYVED S HRVERpAN@PSat O an excitation
signal, which is a tine “domal n vector sequence, can

[0003]be Aduoodetheset ihs: pesihento qff sdaceh acodvmgeftormology has

, simlar, to i.nput speech,through a nthesis fLlt :
been oyt 028 a0 T Moep Ui mEn (S oo o' Fhp (Coae
- ExciteduBlridaat Pumalieianact efiiigh ﬁ{i‘lff@ﬂl)hﬁ&ob@@ecf&Lghﬁntization by

success of the al gebraic codebook used in CE
modelingndBs ealhéragt hersthan® ! apevdl-abFerdsdedhet performance of

sound St8A d'tga{ﬂcﬂ%%gff WUEN 51 Suldlo P %%riﬁés Ipzys Ig)-éjér-lr improved
(I'nternati ona | econmuni cat1 on Union®-

signifitehdgobyntnacsioir on cStlamgde dh zatuean(ssebt o5 MBEG @thedsd ACC
I.s. designed to cover 30 - fromthe conventiona

andrﬂgﬁéech band (300 Hz to 3.4 kHz) to wideband (up to 7

[00041KHIY  spMelh bileSali dodidleba®dd @ PO BB PUBcAOme and others, a
approxi mately 32 kbps.” That is, a w deband codec has
speecht oigapéns appéy rapecesantied biegmeexoitatodi angd tsyndluietiio filter. If

t.herefor.e .canngt _be,supported by onl . . .
o veerf b REChar 80 Biants 16 P pRTh R e ohotviial is o time
domaibasegtodn sthee B av0i e dadRled, SUcChsapockle NoWprdduce a
| TUT standard G 729.1, declared earljer as a )
wavelfqrgg g htfat f oP Wiséreesh thuensh codwdthetisngilsrhedid ofchieve

good pteE@é}:rQ‘tfugf '?i‘u%‘?ﬂkfng"[‘ﬁ& anﬁf)éj‘auﬁﬁ?gﬁbe Q:fha%acteristic that has lead
to the success of the algebraic codebook used in CELP.

f0005] On the other hand, a scalable codec, the standardization of which
ts in progress by ITU-T (International Telecommunication Union -
Telecommunication Standardization Sector) and others, is designed to cover
from the conventional speech band (300 Hz to 3.4 kHz) to wideband (up to
7 kHz), with its bit rate set as high as up to appréximately 32 kbps. That
is, a wideband codec has to even apply a certain degree of coding to audio
and therefore cannot be supported by only conventional, low-bit-rate speech
coding methods based on the human voice model, such as CELP. Now,
ITU-T standard G.729.1, declared ecarlier as a recommendation, uses an

audio codec coding scheme of tiransform coding, to encode speech of
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wi deband and above. [0006] Patent Docunent 1

di scl oses a schene of encoding a frequency spectrum

utilizing spectral paranmeters and pitch paraneters,
“ddebmg r;Qy gn ort hogonal transform and coding of a
§|§n 42GUfred by inverse-filtering a 5 speech

[000631 dP@dendr BoRaffeaitMedibasssk O sRaEHAl rPahSOBe 9 frequency
and furthernore discloses, as an exanpl e of caoding,

. speciryng g Hgl et s@ tids paTaRctddeBBBkBiteh patapbteakc whereby an

C n C t L Japane Rat ent . .
orthogihldiftdh Fornt And ST Hr 1 2E0u05 1 Mo Besrsgafiltering a
speeclofsignalentd prriyobéermsed de spelcved Mrabhectavend ifofthermore

. 50007 However iE a conventipnal schene of encoding
discloges, gy aBreyPmBlreof I afing; #i ¢ ng meithedhagedom cedebooks of
algebrahé Qe@{gHrd0 pul se position information. 15 On the

ot her hand, this limted bit information is not
Patenta|Docamedt t b: algridnesde Pian¢or mappbivatibnt HeaiduOpes, NandEI10-
26069'he anplitudes of all the pulses are fixed.
nsequently, coding distortion remains. [0008] It is
therefore an object of the present invention to

. provide a coding apparatus and codi ng nmet hod t hat
Disclosgpe oddigveniiar age coding 20 distortion conpared to
Prob}.e@n&%‘\b%”@,i)%ad bﬁcéﬂ%"ﬁﬂ%%‘i’icﬂfh' eve good percept ual

Ity In a schene o

sound qua encodi ng a frequency

[0007speHiovamer, Means tonvEntivioay béieeiReoblfernboONd] Therequency

codi.ng.a rat of the present invention that npdels |
SPectrii I}%Steg)ﬁgbfdbfé%éf%ibf&bégégf%ﬁéeﬁ G WHiSE 1P S 1hiogr i o ration.
On thObtid XBEn YVEL AL B (e £WR! DY rnfaGORTik gLyt Q&tlaﬁvﬂongfnplitude
a shape quanti zing section that searches for and

informapooded intilens and ihel aminiieslest of dl ftheepulses are fixed.
vef orng;..and. in danti zi ng section that
Conse n%%%gscﬁgpﬁé%égxgﬁ%”¥?ﬂ%ﬁ?ﬁbveforns, and in which,
[0008jUpdn Beaherdige f @f &b cRosFtiNDrefeihenteX8En to provide a
. wavefornms, the shape 30 quantizing section sets an )
codingy ANATGHES odnQ Fpﬁé@gmﬁiﬁgh@ﬁmtbét seal chedwye | avaiage coding

: : or : I+t f k xe
eistort B AR 18 OB KR ol ¥hcepraa
sound gethoy iofa shkepresenbcodirentifoagoénopdekingrand :
encoding a frequency spectrumwi th a plurality of
fi xed waveforns, 35 includes: a shape quantizing

Means o2 B Afviggahe M ERr and encoding positions and
pol arities of the fixed wavefornms; and a gain

[0009]qudiei ziodgngt eppafat8s of the present invention that models and
encodes a frequency spectrum with a plurality of fixed waveforms, employs
a -configuration having: a shape quantizing section that searches for and
encodes positions and polarities of the fixed waveforms; and a gain
quantizing section that encodes gains of the fixed waveforms, and in which,
upon sedarching for the positions of the fixed waveforms, the shape
quantizing section sets an amplitude of a fixed waveform to search for later,
to be equal to or lower than an amplitude of a fixed waveform searched out
earlier.

[0010] The coding method of the present invention of modeling and

encoding a frequency spectrum with a plurality of fixed waveforms,

~includes: a shape quantizing step of searching for and encoding positions

and potlarities of the fixed waveforms; and a gain quantizing step of
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encodi ng gains of the fixed waveforns, and in which,
upon searching for the @ositions of the fixed
wavef orms, the shape quantizing step conprises
setting a li t ude of fixed veformto search ..
encodfrg ‘gt 0T ML SV S8rmse DR Y R aNPRRpP T Lisddne for
the pd?sfitianfsidﬁ@hWﬁé@ﬁﬂhﬁ@ﬁfrﬁ’(ﬁ%%M%h@?&|dlﬁﬁ1-tiz5ng step comprises
. Advant ageous Effects of Invention OOléJ According to
setting pa pi@ddndei ol antixen, waretprae Henseaseh dredatery ta be equal to
or 1ow/d: ARIRNGY ARARCLIAUT r DY RER W e fifh SERICE AR OLadicr.
pul se 'to sedrc of later, to 'be equal to or Tower
than the anplitude of a pul se searched out earlier,
it 10 i 0ssi b to reduce average coding distortion
Advanéﬁ%%‘l‘%ng | oﬁ\f’eerﬁti%al scheme and provi de high
[001 1%2%&,&6&@9@”% Gl IlkYs SMERn{ BnBohOWnbht sERlRe QF' &{[(coding a
scription of Drawings [0012] 15 FIG1 is a bloc
frequedicagspantsiowi g seHeng dhei gupiitiide off 2 pupedatscacolifieg later,

a ratus,accor.ding,.to_an odi srent .of the.presept .. .
to be FRBR R 85 188ER B Co BETAR SEF Hn S, st 6 barticr, i
is posSNti@uredicaotrarespedede desndiinth apRda2k@%0 a conventional

according to an enbodi ment of the present invention;

- schemgjagdpreyviger highc Aaphits soWndga eHat s 8HPR AN HOViRiIkFALT-

a shape 20 quantizing section according to an

enbodi ment of the present invention; and FIG4 is a
Brief Bpectiptimnexffplasvingpr esent ed by pul ses to search for

by a shape quantizing section according to an
[0012]ghhodi ment of the present invention. 25 Best Mde

fori€ar riyi Aok Hﬁ'ﬁgx‘zﬁﬂe@i&@[‘né QQL3Lo kR cSPEEEA of a speech
si gnal codi ng based on the CELP schene and others, a

codingspppetntys geabrdinmia en ¢mpodsmened fofhearessei imtémnon;
an yht.hesi s, filter. 1If a vector havi a simlar
ShahETa aR Bieleke Wby, il S5 hen S¥aBguPaiRupfa speech

decodiGQeh para@tt At csedignNae anCanbbaitieapd€dhe ifreksnt invention;
possi bl e to produce a waveformsimlar to input
spRHeR tifr sudho WeBgtit wboveng |ther sealivh #dapEvhm gdo@ shape
-Der.c I BEA i S, : [ i . s
auanti PR SREHAN AUBbIdde 13 B SmbBRIAIAL QO hE Frespnt vention:
and al gebrai ¢ codebook used in CELP. [0014] On the other

h in the case of frequency spectrum (vector 3
cohthg T oA EGree 1 ply TRALe SBEEL I PYLiRs Cakeq el for by
a shafROTRANARNMI%e aRdtibherRtorgind N® HrStbd®MmOlt ¥ the present

) frequencies (i.e. positions) of conponents of l|arge 4
invention.

Best Mode for Carrying Out the Invention

[0013] In speech signal coding based on the CELP scheme and others, a
speech signal is often represented by an excitation and synthesis filter. If
a vector having a similar shape to an excitation signal, which is a time
domain vector sequence, can be decoded, it is possibie to produce a
waveform similar to input speech through a synthesis filter, and achieve
good perceptual quality. This is the qualitative characteristic that has lead
to the success of the algebraic codebook used in CELP.

[0014] On the other hand, in the case of frequency spectrum (vector)
coding, a synthesis filter has spectral gains as its components, and therefore

the distortion of the frequencies (i.e. positions) of components of large
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Lh

power is nore significant than the distortion of
these gains. That is, by4 searching for positions of
hi gh energy and decodi ng the pul ses at the positions

of high energy, rather than decodin vect or havj .
POWeTal%] Iieaﬁlg‘%lg_é‘ﬁé'tt 2 sl et Pg'rﬁ%eﬁ?_g%l%rei“ﬂgt is, by
Se_arcH_Ii_iﬁge%{r 100 ACRINAY @ rORPEh PERCEARL URld &Rc@UdhEt Vhe [;Slgé;@l at the

__Therefore, frequency Spectrum codi ng enploys a ‘nodel
positighs anbogh nepeaglr egabacythby deeedinle aumbetorohapulses similar

nd_enpl.oys a nethod.of searchi or. pulses in. an
shape 30 AR BHRS P MEURY caen e SPhaB 0 [EfabiePE ety Peroeptual
qualityarget. 10 [0016] The present inventors focus on the
_point that, since pulses are selected in order from
[0013£ul skElcrepgre.r daagBear st SPEFURM acpdine emmessct fmodel of

' encod{r%égrfrggﬁeﬁlc§ %é‘ﬁgx s%m%%gtgp.o\sf,aﬂlgg?sea?g %gk&fﬂga{nethod of

present ‘1 nventi on. ure
searchpngdfentpulaeention opieestdop sethé dge e cgnjtietvaleobftha coding
pul se to search for later, to be equal to or |ower
targelinan the anplitude of a 15 pul se searched out
(0016 Parth&rprekORL 4hvARt &L BN n Ofhet BBiY 8RENT since pulses are
I nvention wll be expl ained bel ow “using the
selecte donpadsri hrpndreaisngsthat oGLgiceFiBtartignaabpobie to search for
di.agr owi ng.the configuration of t speech . . .
tater B8 IMEDBRS AfnoP g 1R BBt ERp S DR s oncion
That idhe RReechofedt Nres2ht appatAbyslishomnetinkl Gelain$litude of a
provided with LPC anal yzi ng section 101, LPC .
pulse iRaeF i ngTskéer-ofe 102 equal deser flpmeay thpgg the amplitude of a
formsection 104, spectrum codi ng
pUIM§§%%??ggq%g§agn mul ti pl exi ng section 106. Spectrum
[0017codimgmbedimentl@F ils prosédedhwinthos hadé uanpilzineg below
. .section 111 and gain quantizing section 112. 25
“S“ﬂiﬁﬁbi@?o@ﬁéﬁ§H§$Qgﬁﬁbﬂ%%ction 101 perfornms a |inear
[0018]Pr gt i @na aakyksimBhm aRoIRYIthePESEN 0Bk H18h &Néhe speech
_ ‘outputs a spectral envel ope paranmeter to LPC
codinggappeiatbpdgeseedinn taohegresaanbsalbpsiisandsul The speech coding

A O 02 ..per antjzation, ..
spparsEThRTE S0 e BER AR WRC B YAl Rbe o criamor o1, LPC
quantikimeadecProadi 113, oiin okl ifthitent )0 RUbLPtHd G afl r einlsPém section

anal yzi ng .section 101, 30 and outputs a cqde
104, spetirBELRPIHE SRetGBahl? 214 SHILMESXRE REFEPPI B ng Spectrum
dingS8ELiOR 196 s FHLLRgEd % ol €t o 10 i
€0 mg%utpdts decé%éﬁo par anmet er s cq&i?ggzgé’ SggﬁﬁhglgrﬁPd gain
quantizodeseepordd®t.i ng the quanti zed LPC, to inverse
fi 103. Here, the raneter quantizati on nma )
10019 lormbf PALVHRE SHEAER AT OR TS T LR BaPi g oh analysis of
inpltaifdezat 5Qhal M d | o StpRde &QpedBlal teMQRBPE pBRéRerto LPC
M1ln?npggié [OO%%HIInversepﬁglfzgkaSaiﬁvgrse?fi.ters 0
quantizipgyseepeachlUsisngnt fealgstodesult. LPC quantizing section 102

performs quantization processing of the spectral envelope parameter (LPC:
Linear Prediction Coefficient) outputted from LPC analyzing section 101,
and outputs a code representing the quantization LPC, to multiplexing
section 106. Further, LPC quantizing section 102 outputs decoded
parameters acquired by decoding the code representing the quantized LPC,
to inverse filter 103. Here, the parameter quantization may employ vector
quantization (“VQ”), prediction quantization, multi-stage VQ, split VQ and
other mlodes.

[0020] Inverse filter 103 inverse-filters -input speech using the decoded
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5 paraneters and outputs the resulting residua

conponent to orthogonal 3stransform section 104.

[0021] Ot hogonal transforn1section 104 applies a
wi,ndow, ?uch as €v5|ne WL QW to the residual

fc
paramEtSe ABit OURRToriS. 2% DK IHbgSHA r SRSTBIRRTS (s Phgiogonal

transfVESTsecaitd, Qoiputs a spectrun1transforned into a
frequency domain spectrum (hereinafter "input

[0021£pe(érthl9mo}la1 ttearsqcf@ctnr s:mt@@tmlrﬁ)gl spphr:era 108ch wardow, such as

a smet\DF f(%?}%l E%fcﬁ‘.‘gﬁfic%rnﬁ]n%o Vél %’ﬁ;lg%]hgsg?t %gﬁfaaf transform
using MDMJ,QBHH heithuds agepyatrufs tralntsfbﬁne@Q%$bkﬂ €rdduency domain

transformthe residual conpgnent into an input
spectrypedPPIfNgsicg  InRr taApe o tihas €0 Em@zywpémg heection 105.

Here, ‘%ﬁg%rtﬂggeﬁgfeé%l%rtﬂ?tﬂ@@f ?Y@; %ethgb & 8hs ol &Rdch as the
hogonal "transform section 104 nay be reversed.
FET, KAk amgl Wyvelleti diamgfoﬁmpmmdspelehdnug]mquu acalge aaries, it is

..Qrt.hogona sforn1b the fre spectrum of an
POSSIb?wgrﬁgnfﬁ% | Te AR, COTRAT R YArRPRRis@ectrum using

anyloﬁwﬁeg} it is 15 possible to produce the sane input
pectrum [0023] Spectrum codi ng section 105 divi des
[00221 heHreh?)utthgpé@dmn%yprqwamngz|h1fgww|¢@ shupescarfdltgai h03 and

orthogr%fnatlht?aﬁg)ﬁﬁh{ UMD ari"il)télel qaeysﬁredrg\l}% %tds tfﬁ%‘c é%’c I(%lVldlnc

quanti zation co |pIe

input ]@ﬁ:ecﬁha}néjjemdntﬂozlzng setloigomal 1 iraiisdBthzasy tie frequency
shape. of the |npﬁi spectrumusing a 20 _small nunber
spectrgm ﬁeﬂ 8B PUSTEF oHdtednbl-polSADItadEon difd lggprithmic axis), it is

posmbqy‘?@?réﬁﬂge%ﬁgéa‘?ﬂe 1&%&9 Loyl ates and quantizes the
ain pul ses searc ed out- by shape quantizing

[0023becﬂpennnh1 codimgg peecthand [Basid vidhaphequaptit zspgetrum by

.section LII n ain quanti zi section 112 will be
quantif RRataps: 3R Puned Y oty enare Sk nhd onputs the
resultin@Ct @A h08tibACELYESs %ol NP 1P EOGE I §@£ﬁ§ﬁnt iMg. theghape

25 quantization LPC from LPC quantizing section 102

quantigifg geegaa ﬂéybrﬁgéﬁtlilﬁ@ thehehapraretfi e inppUtsPspestm uming a
[ l.exes_.these
small LE%O@TG?TH {r%w;gngg ?g%%ih}g&raérgtg?%,n?%a t*aue] quantlzlno section
112 caﬂcahsm esudoqwﬂalzeelthaSgam@dbflghé Hulsemtsearched 8023y shape
G2is a block di agr show ng the configuration of
quantiglg §peiaen 1130 @%@o&?ﬁg’a&ﬂp%?%itsus APABLES ﬁsctmn 111

and gaPf %%%th?gr? %@'c'f'ﬁﬂf 113hg1$ g)%\?m&ﬁerg@@@ %e&g 1APPALA

shown in I'S provide denul t1 pl exi ng
[0024]SeM1ﬁ1@Ip162m.g spatiamet 66 Weeodings Septi anc@de representing the

.S I codi section 203 or t.hag orm
auanti 2035 GG 0TS FNa I P Tt Sh 0SB 26 ot Tepresenting
the quitzed igpai @geéﬂ}ﬁlﬁ{ B Oégadc%tﬂﬁr@—ﬂdih@'@é@ﬂ)ﬂ b8, multiplexes

i ndi vi dual 5 codes in denultiplexing section 201

these FHerpEan Py SEHPULY thee rablit g ddie transmission channel as

coding information.. ,

[0025] FIG.2 is a block diagram showing the configuration of the speech
decoding apparatus according to the present embodiment. The speech
decoding apparatus shown in FIG.2 is provided with demultipiexing section
201, parameter decoding section 202, spectrum decoding section 203,
orthogonal transform section 204 and synthesis filter 205.

[0026] In FIG.2, coding information is demultiplexed into individual
codes 1n demultiplexing section 201. The code representing the quantized

LPC is outputted to parameter decoding section 202, and the code of the
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LPC is outputted to paraneter decoding section 202,
and the code of the 6 1input spectrumis outputted to
spectrum decodi ng section 203. [0027] Paraneter
decodi ng section 202 decodes the spectral envel ope
input ppecmerers anghwite o speheumesigdevidnge decoded? par amet er
0 nthesis filter 205. 5 2 ectrum decodjn
10027} o PREARSES dEEBAELE « 6 HHBptd Dot i A g AP REC gl | favelope
param@BihaddsyeRarti 0% theuend N cBthofatdin SRECES Unthesis filter
codi ng section 105 shown in FIG 1, acquires a
205. decoded spectrum by nultiplying the decoded shape

ect.0 t decod ' a d ed -
10028 L 5 L B AERICEEL 084 g IR QULDULE IGCEEQAun ot
by the] 80209 d Gubpoganal thicr eadiingr Mesked 10 p2R4rperdaaling sdttion 105

i nverse transformof the decoded spectrum out putted
showns i oh K det 4AR BT ddilRgOdeL 1S5RS IDOB DY dRpaiBlying the decoded

shape O&é&egowltﬁlter ae%gew gsﬁ{,! 9Rd 106 eWhd NekbBek: sfBGrum to

outputs “the resultin t'i me-series decoded residua
orthoginghdkandospnsdgsos X04.t er 205. [0030] Synthesis

ilter 205 produces out put ech appl yi n
100290, (hoR0Ra B AT EF g 1o ROTCRE Bbu B Fhtisesirgnaform of
the dodbded t efedtr@m ObafRgeAR! flomnshetMunsegbl®@imdd4section 203
" using the decoded paraneter outputted from paraneter

compadee ddi prthosesai snapgerny oo Hdtde showy e drise 1t pad outputs
: . ] 0 _ )

e e Qs S P8505 ROCNELREIUIENE L MR £App 205

[0030bpenatthdecofiing 280 @pphArcat usutiput p@e2hnbil tagllivesg tdyathesis

i .decoded spectrum hy a_frequency spectrum of the
filteripg dg bl erastfst BFI01ab 51 SRR PRBHTSH EHAD| GgAPEORR] gransform

sectio®0 us tpenbopABa ?J&ég%ﬁﬁgg??éuﬁn@@%&&r Ethpefm'é{b‘? decoding

resul ting spectrum shape quanti zi ng
sectiogédtd.on 111 and gain quantizing section 112 wll be

L.explained in detajl. 25 33] Shape antizin . o
10031 Eeiisn 1 6%t Thoeorr Th s Tk AR pardereg filier 103
and ortkbedn®f tRANRBLSE MLt ON@4DYhORE BATFIE . DV ehe &peech decoding

entlreté@of a predeterm ned search interval. [0034]

appargtyp| i AgCeduaribapticpr bt déscadeeér spepant obysear bigquency
spectrgiﬁgt%gr‘{h% d@gH?Hriggaxjamgte&e{la@.sgﬁgﬁttitsff?éxc‘?gé nlt%rguar%thgzic axis)

Ion, S resents e 1 spec

and perépmesent srthhgoopt irmisfgainngf Sid seddieindebpecttunmct i on,
oSi ti b represents the .

p represents the pul se , '4
(003215 MKt BRPE I Dt BEs SRR ddr and RaiT BNeaE AiBpEetion 112
will b§|8§89aiﬂ%ﬁrihi Zigr section 111 sets the anplitude of a

pulse to search for later, to be equal to or |ower .
[0033 ]t h&apleeq wangli titngdecotfion pull searcdearfoladicopesieer ppd polarity
(+/-) of a pulse on a one by one basis over an entirety ol a predetermined
search interval. *
[0034] Following equation 1 provides a reference for search. Here, in
equation I, E represents the coding distortion, s; represents the input
spectrum, g represents the optimal gain, 8 is the delta function, p represents
the pulse position, v, represents the pulse amplitude, and b represents the
pulse number. Shape quantizing section 111 sets the amplitude of a pulse

to search for later, to be equal to or lower than the amplitude of a pulse

searched out earlier.

[1]
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35 [1] 7 E=I {si-: gyb8(i-pb)}2 ...(Equation 1) i b

[ 0035] From equation 1 abbove, the pul se position to

mnimze the cost function is the position in which

the absolute value Is,1 of the input spectrumin

each band = 3 rexi yngy@ht- pt 3 pol ari{Bguasidthé)

polarity of :the 5% value of the input spectrum val ue

at the p05|t| on of that pul se. [0036]. According to
[00351 he Tomb seht2téom olli FRMTC, tHHe PAPE i RUTEIO8F ta PBAPEB1ZG the cost
funct1§ﬁa5§hthf or. ds?tlgﬁ “'vﬂﬁgh' @h@déf?%l%tpa§§ﬂ1 g |h%f the input

search order of pu ses The pul'se anplrtudef's
spectraccondéarg bandf or nexanplime, Ellidelfsobbha/mn}g 1Stthp$pola(ril1)y of the

Fi.rst,. the a t udes of es a et to "1.0.'
vatue 36 R iphaf sPeRupL YaLee rb o TR ThikTiarulrS ue

[0036¥ Z)A&Voﬁcﬁﬂ?c’don%é B8 s SPLhBnRin il hRe ech PLIRAS R a pulse to
ittle ittle and encodi ng/ decodi ng | ear ni ng

searchdden, ist%@te\vmluedu im wdivehce hleagsat foar o ceageluctrdes o Kulses.
t
The phfle Iy (5P EREVENAE HGatE? biesPuflE hs, SoiloWpe sves.

(1) Fulsal ekre atﬂ[ﬁ@lﬁ‘ud&rs&)ﬁ hE pdRes asetdatioof1 . plie n-th pul se
| |15 anplitudes with the best performance ar
Furﬁ‘h%d nan"é Aeh+P hel dgs en) Rl yebeessi(Ay BY aeé%ing the

amphtﬁ%)e L t{‘j?)n- ﬁfsrée ttﬁg ??tl'ijcﬂ@ d equah; ﬁ%d:é:aggleng learning

nber o 0037 exanpl e case
data, eixqal i hed iwhevluc&nhethve@mfoﬂmgtdq Gfucan asi BgMt ratio and SD

spectrumis.sixty four les (six bits nd the ..
(SpeciFRE DTS Lis it 287 Mhh R et suagdhal e igplitudes of
the (n€XPAR! & 18X Rilkss Are thediimethd ohfhowthba - @ylpiﬁse (3) All
position (}@ntrl es of positions: 16) and one bit

amplltsﬂéqaw@a t bhs:iv\parfmmnqeyare( e, a@burmﬁﬁgholds (4) The
procesﬁ‘r[]ﬁ@ fc:)f J‘do\[\% F‘} 5 rg%egorgtetbc*]h%t I'n talual Q% ]number of

I'ow of quantl Zi ng
pulsessectl on Il in th| s exanple will be shovvn in FI G
Here, the synbols uysed in the wchar t
[0037] FI AT5 PR o BA5% RE 1 BN smﬁg}neénwélﬁf% tg& V?ﬁﬂ%éength of an

input GRYIHLAN POLY] fo&e%rﬁﬁlése%%ﬂ <! (ROl ) spPOLH s encoded
_ search result " (polarit © 1 hput spectrum 30 Xx:

with fnmpuésaﬁr t br whisy exdendai sat dntft e m g ume d maxahm?mthe pulse

posmon er[t%geosr eproryltlgglsmfti%n one% nqrsnr%faltu?rredt 1?0 ghow a polarity

(+/-), requiring thirty-five bits information bits in total.

[0038] The flow of the secarch algorithm of shape quantizing section 111

in this example will be shown in FIG.3. Here, the symbols used in the

flowchart of FIG.3 stand for the following contents.

c: pulse position

pos[b]: search result (position)

pol[b}: search result (pelarity)

sii}: input spectrum

X: numerator term

y: denominator term

dn_mx: maximum numerator term

ceimx maximum denominator term

dn: numerator term searched out earlier
ce: denominator term searched out earlier
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dn: nunerator term searched out earlier 35 cc:
denom nator term searched out earlier 8 b: pulse
nunber y[b]: pul se anplitude [0039] FIG 3
ilLustrates the aI orlth of searching for the
poSition of the PHiYhBEE eeﬁergy and raising a pul se

lny{lh]e position guifd haiplitaad then 5 searching for a
ulse not to raise two pulses in the sane

[0039}3051?1{(?@“11(1@@@&‘0% thﬁﬁi@@fﬁtlﬂp@@yeamgg fiog thgeposition of the
highesﬁh%‘ﬂ !répmaﬂfl ﬁcllgm%nseg) 5'% na o{)he cpa(iséﬁl%gltelqﬁz f]?r@;n,grlln)ﬁ then
search\laguﬁbrl a neacdv;aﬂee nott td $a1@@sm@I;elltses $hgpki §amé wsition (see

ok orit f . [ 0040] f a spectruym .
m@é ré‘%eﬁ&g ﬁﬁé@ p%ﬂlsti]se S4B GhRH Etgl%abéegﬂgﬁ@ator
depengé"%'ﬂt bﬁl)ﬁﬂuﬁﬁ&tﬂ o ~Lldg V\fscl)ﬁsebﬁle%l?gy\”b}b Qaﬁ!lﬁ’af‘i g"ﬁfl@ value in

| ustrat es a case where pu ses Pl to alr e
advans%artdlsadoa‘sabla te stptifyAde slgowrthim oE[IEGL3.t he

resent. enbodi nt se the a u
10040 ZE R R PP Rap L “pEEhambgar 1o 6F Toubr PRERS risaroned out
by sh@pr@lqﬁatﬁezﬁ%ars@h%zpqtn edill i 18 . shidien anplFliaides Here, FIG.4
pul ses to search for are determ ned in advance 15

ﬂlustrbhf‘sSe@ 6as¢ hehgearmH ses el 6f Rherpuserishedofendn prder.  As
shown! $n TEEESS AL g%%’&? dfn%fo(arﬁ[%tnto&t? i3 § htude ofk pulse to

representing posSsI
searcht fier lawat alol bammymzti ob onflomeat item bhet Sarhbhtﬁdlﬁﬂ&e&ﬁched out

ecas of fixin anmpl i t udes 0041] Gin
earllerquafﬁgﬁzﬁwﬁa WBEET o RPN §oRIE ﬁ%} &bt [dsitatmyied in advance
based B8 WeRN sBar A0 Afcedsd Bl $R1SEJUSHCRANG 3D AlMkary to use

spectrum and cal cul ates an ideal gain. Ideal gain
inforntagion é)ltaalftuncawwebylnfg)hnmmm@e@q@atdu gnis2poiebes thmake the

quation 2 repre t he input spectrum
Overal\?/(lﬁﬂouélprggem% é‘é\}é@? ogﬁ E%Tr%%msyasdélgo& ngcalsﬁeog fixing
amplltaaape [2] Y s(i) x v(i) 25 g= . (Equation 2)

é‘)Y X v(i) [0042] Further gain quant| zing section

[0041111 552l aupeat@dngheeqiden bb?n%n%lﬁ’@estﬂéﬁw G9eF¢laiipg between a
deCOdﬁpglhl?%zg% %ﬁﬂ@?ngﬁg Eggctg Q% Oe?fnc% ngc\t/ugétes an ideal gain.
Idealcgﬁant‘fg’aﬁs onjuddlted bgoﬁﬁﬁ@tveng Ca:qpmlti‘(m fih dfitrcii@néquation 2,
. -codin% predlctlon antl t(Jon mul ti-stage V 2 .
s(i) regpgyen %/é%eawuéosw B Vi TESRN Ie? NGl dcquired by
decodiR@ GRPiNAId Y based on a Iogarlthm c scale, and,

consequently, by perform ng SQ or VQ after perform ng
[2]  logarithm

Z (1) x (i)
TS W)

i

...{Equation 2)

[0042] Further gain quantizing section 112 calculates the idel gains and
then performs coding by scalar quantization (SQ) or vector quantization.
In the case of performing vector quantization, it is possible to perform
efficient coding by prediction quantization, multi-stage VQ, split VQ, and
so on. Here, gain can be heard perceptually based on a logarithmic scale,
and, consequently, by performing SQ or VQ after performing logarithm
transform of gain, it is possible to produce perceptually good synthesis
sound.

f0043]  Thus, according to the present embodiment, in a scheme of
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transformof gain, it is possible to produce
perceptual |y good synthe$is sound. [0043] Thus,
according to the present enbodinent, in a schene of 9

encaodi a_frequen spectrum. b etting.the
encodfE R Haert L WG BE BLcAhinY 4B ApiNE g @ puse to
scarcledqual 1dter Oko | bvesqddiane tée lampri tiude tat ampuie@e of a pulse

searched out earlier, it is possible to reduce ) ]
scarchpdeoaigecaddtngiidiist BPssibhe torsdicd evcrrESompeinBodaitortion

i oy g i ; _

comy EUSTE, AAGHLEHE SO0 SIS 80040 g leven o
the catbhefpr bsertditiraenti on to a case of grouping pulse

i tudes. and searching the groups in an open o
[0044 %w?%t by sapRigapg| de Pée?*i-f%rb‘%/ TR g8 £ of 06, 8TOUPINg
pulse ERIpIEXATR! £ d %%Hiﬁgtatlheegﬂmpspfﬂ A8So e mAHRUPEH is possible

~into five pulses and three pulses, five pul ses are
to impemrecHbd porfoanthnk®. f i Ked ¢xample.amhemhéntalheiglistpudses are

t hr.e | ses . are searched for he anplitudes of th
eroup{ e RS S8 B8 UREC ol Bhpy TG AIRS HERgafthdd or and
fixed BxPEerdnEeial kiye peoven thidwpuldey setddarghéddor, the amplitudes

anptitudes of five pulses searched for first to [1.0,
of thejlagter thrge pulges projerd ¥ aedragdt hdt dmppegiegnprily proven

. oul ; 8, e I
that, thr SR R RO P TaThe Per s Cohipat 4q 1o 10
1.0, 1.4, claé¢ aniSsaifingetiid agimedosl seshet milsepukseshddfor later to
[0.8, Opél’ g)eg],;g;fsgﬁrbsa1€%:r ’Ec’(?htnlg)?'gy%htge% lflirtr%llggge %fonqllas},/r%d to a case
of settiigithBl i A3t o A phe anpkiitgides are not necessary,
thereby suppressing the amount of cal cul ations. _
Fur{heo4dy Feittiher thalathplighdes cxs di trapudeen sgeschdbder first to

« ~above wit.h.t he. present 20 enbodi ment where gain
1.0 GO B e ot TR g 10T Beffblly, thereby

supprdseuenth®Aanc@mtps Pvhia:lbhionsane performance if shape
is performed after gain_codin

codin 0046] . _
[0045}Fuﬁq¢%9?r=aalt%m aaﬁaﬁaﬁﬁ@e@a@%sqfa%g%égﬁ@e‘]gm Prgpresent
i th.t i
embodthihy MEcr C00HE ST HIBER S8 LR Botlpd, e presen

inventien fdane puponicqulantsam e pdriiershape i6fsitalpe spéotg umperformed

¢ the present invention does not depend on the above
after gaifgO0dBE. yal ues and can provide the same effects

[0046 W tHuOhder anuaBLhcah ¥ahHBle LHO4HasFUetRChesdtinBRYwith the
be possible to enploy a nethod of perform ng gain

above cydbndioant pherddhd buxdth afdatrastnonntd iszkvigfene and the

spegtrum by, dgcaoded 30 gaj.ns nd rform sha
numb<L i RI0r tihe! 5 eLBAP HAVAHCT b, MEor ! BRarpl & i W LRe s e

presenpli@&easiond doks si@ogkbkhaOon ddrednboke angn €6€6L viHuas &énd can
..not perforned, it is possible to raise a plurality
prov1d§fth6mag@§ qfﬁeqtﬁewggn%tkwsmqmgﬁ_cal values.

[0047] Further, it may be possible to employ a method of performing gain
coding on a per band basis and then normalizing the spectrum by decoded
gains, and performing shape coding of the present invention. For example,
if the processing of s[pos[b]}]=0, dn=dn _mx and cc=cc_mx are not
performed, it is possible to raise a plurality of pulses in the same position.
However, if a plurality of pulses occur in the same position, their
amplitudes may increase, and therefore it is necessary to check the number
of pulses in each position and calculate the denominator term accurately.

[0048] Further, although coding by pulses ts performed for a spectrum
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However, if a plurality of pulses occur in the sane
position, their anplitutes nmay increase, and
therefore it is necessary to check the nunber 35 of
. ses in sition _and lculate th enom nat or
suble Qg 1Pt e BRERyRT Trbbdar Trh R oAt Ehbugn OcaaPhg Tt Present

invenfith SRS not Relited "R thRf, @n&pPechidiMabPlicbt o6t @4htP vectors.
an orthogonal transformin the present enbodi nent,

For expmppeedBat Prespreninuantien naayl ihe peslied thi somaiexi sumber
vector%l &otﬁ?qiﬁfaoql €o %rlrg%rlgglge&?@rnza)f bFogﬁgfg)@(ﬁpi!ﬁ nbttlgee domain

resent i nventron 0 CO
vector\/&@d{@&‘rﬁcd im the Walebst ganpfexm DETtheahittemayrehappilicegresent
to a t| domgj.n 5 vect or sequence.in the Wavel et

inventien niy G ﬁ?o?p? @a]} %0 Butihere Ofnﬁéan%%t@ﬁt sequence such as
excitatide Mol B2 ST PPl | cabl gt Qxé‘itﬁilgﬁ %?&EP@QBOCELP a

sequence such as excltation waveforns o
synthefsps felter tiatihvnl waliedrol teciafo@ELlaPco st flslyaﬂlcinESnSOfVéSt ermatrlx

i nvol.ved, .and therefore a cost_.function invol
catculgfioply MEE D FHATBE, 15 hE! pEFR S pArOe? EHRGE 18 4 open
loop vehdd wcfipRl iBYinRo$eAd ,Cond AharefORER: ddskaeR pWaitch needs to be
filter is |nvolved ‘and therefore a close | oop search
perforpesn tsompR %é?‘?or MElennthespeargemaas. Pysen. they effgaive to
f [ 1.0
use o (0, UL o e SRR B SRIRBTRED
(0049 FurRureher, am:a:rrdmmg tootteherpsasetvdmi@nt a onavaform to search
. maveforn1 0 seaug for is not Jimted t? a puL%?
for is mofrf t%r?dpl s¢ {IBRULIYy & bi 69u8ligenpetiblado search
for evkAr oﬁi/e‘%nfl%telae(}vafxﬂe)fgprn‘é\’a%%f Ar 08 dSHCPuBS, WhIn AWl §8ve, finite
triangle wave, finite wave of inpulse r ésponse,
wave foif| tepudeef fispioast, afittef | xedfﬁx@mtoramtd tthetd whaafprms that

a and ce t he ef fect.
chaneg 8 SHABE BBV P L bog R E BEe IR e ah e cr 1 bed
[0050W thufﬂm%rprslsﬁt)u%ﬁn‘aodﬂa@snha@h%@nt fa%s@ﬁ@éantwnh the preset
invention is a ied to CELP, the present
embodippgaht VHRT§ sthﬁoprq=ﬁ%ttwqrﬁl%|1§ pplipd @ffﬁé@el’véhe present

1nvent%1{ Ii‘s ?ﬁ%l@q{m dess inils Is EPLLORS wﬁ‘@eoﬁ{gryc Sheech

but so an audi o S|gna can used as fthe
[0051}3| @rmathaccmrtdongy tao spheclprsegant bunverdi an.auldioisgabbean be
a_configuration jn mh cht

used aB ST hGEROTIHE © HipPF6e ity HE M- poth ECoRossible to

emploj%_%sbgﬂﬁlglﬁhﬂﬂﬁl id Qatierdnef ﬂ:"beh@ﬂﬂbeﬁhgﬂaﬂs apit®Q982n LPC
he coding apparatus and decod di ng appar at us accordi ng

predictiont teeid palesigmial iinyead of avaimpye sipoat.ed on a

co ni cat.i on _termni.nal and base stati '
1005213 TR GBPR D REBITE eBfnane el oy SeEe e ththe o the
present tinventip@sshhl Be t:@oRAOM dfh @ cOMMRhLAkI AN tkehMdlabpparatus
appar atus, base station apparatus and nobile
and baé@rﬁ?ﬂ?ﬂoélaﬁpﬁﬁmé%tl@nﬂ HEPPH €ABBRMEabisey aY Figanl so 3bat it is

possib feet %@1390\56 ﬁlcﬂlwgogigpn%ﬁ?glg:&&Qng%e'i])ase station

escri wth the above e
apparatus and mobile commumcation system having the same operational

effect as above.

[0053] Although a case has been described with the above embodiment as
an example where the present invention is implemented with hardware, the
present invention can be implemented with software. For example, by
describing the algorithm according to the present invention in a
programming language, storing this program in a memory and making the

information processing section execute this program, it is possible to
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an exanpl e where the present invention is inplenented
with hardware, the preséht invention can be
i mpl enented with software. For exanple, by
r e [ t car to th resent..
impiefiHE 1R MO SrBAR IUIAE SOHIRE, Afnd el 5T ing 10 the
preseqﬂxmy@ﬂhdni a nmenory and meki ng the |nfornation
|ng section execute this pro

[0054ﬁo ermera»leaphpf%mn (HECE o PR fionthe deseription of
cach (E;pgﬁ@%fﬁp@lﬁ%ﬂhlé%eﬂcgﬂrbg'd eh®s they t?%%&iﬁqz%qenYﬁquéﬁ%nted as

Furt hernore, each function b oye
an LSt kendbisetddpby om afitegeachl ofrculie afbeesrmnty dreethdividual chips

11y | enent ed 5 an LS
or varfRRGt b BOLTI Dy oak etiots S A=t PR 1. Theee may. be

[0055] ndinguad Lhifed RerdPRuli Alikym@ky bofAldy r&QRtad nedas «1C,”
on_a single c?ﬁg [0055] "LSI" isS adopted here but

systephllsgln’{ﬂ‘,‘sgpgb T @fi‘erl]rlérdl télagiepegding 'cgydtféfmlmgl extents of
er LSI," or "ultra LSI" depending on differing
mtegraﬁtggnts of integration. 10 [0056] Further, the

[0056 rethodhef, Gie ewdtholdnd £@hi addionnitsgnvtod iifid@difited to LSI’s,
and i npl enent ati on .using dedicated circuitry

and mﬁ@g@ﬁ@@&@%&%%é@é%% SOFRuITT 04| $1'§385 Puspese processors

is als&f;&%sﬂa@ ”%rf‘t'&aqgsr'lr Gnatth falch GAL 1 QB Ofat il F(ﬁG% n(FpA A (Field
Priogrammabl e Gate Array) or a reconfi gurable

Progrmm@éésd}at\mérlsawomnacrtelcomﬁglma&blsetrbcawroﬁvhe'ras coinhections

an be onfigured is als si bl e.
nd sefingd s PRaciafe T o [ SEGRa B S onelre€eRAboggSsibte.
[0057CORS tIDK, iFAnt@iNa26@ chRIuib te @8n &l o 8SHbteQfodih® replace LSI’s
advancenent of sem conductor technodl ogy or a
as a refalt patthgead vatam erc RAsleayponiducier tethnabky @l saderivative
[ t r f ti I ck, LpLe t
other Pe‘%ﬁﬁlotf%)%/ 9 ggh%%ﬁqug.y %%%l ngFf%g i%fc &/te(l:lﬁ f né:é.%/on block
mteoratsoml 80ingPOBH bbehném)gﬂOS&]pp'ﬁ‘k&it@bﬁCd)DSﬂbeedl‘fnology is also
..Japanese Patent Application No.2007-053500, filed on
possibfgrch 2, 2007, i ncl uding the specification, draw ngs
an i §fFi a er, f [
(0058120 0SB 5 FRSE SR S 1 SBIING3s00,
filed Ofmré/é@wﬁl Envénti mﬂlsdlsngl tliebkpetUicatioui dgawppay andsabstract,
codes | audi o signals, and a
lslncoagg6gF§&“§§b%répﬁg%?ﬁ%? 1%&@%88 "fhese encoded
signals 12 CLAIMS 1. A coding apparatus that nodels
and encodes _a frequency spectrum wth a plurality of
Industyipk APRIAGEN S, t he apparatus conpri sing:

[0059] The present invention is suitable to a coding apparatus that
encodes speech signals and audio signals, and a decoding apparatus that

decodes these encoded signals.
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a shape quantizing section that searches for and
encodes positions 5 andipolarities of the fixed
wavef orms; and a gain quantizing section that encodes
gains of the fixed wavefory wher ei n, upon
searching for the positﬁgﬁgﬂgﬁ the fixed waveforns,
1. they sbapee GpaatirisnthBeaiddens SeldS eAfo @Plal fred@catyaspectrum
. fi xed waveformto 10 search for later, to_be equa
with & plugalitydr fikpd v ane ips- tthgeargraratyy K@BPTERES or m
sear [t i "
e foriiing dHanEpine Bpotign TE COHCRAT: FRUM Bcodes positions
and pclacttionof ehe chasd farvafbhemki xed wavef or ms by
eval uat.ing coding 15 distortion by an ideal gain. 3. .
Thé ctitng? HPaf Aeus SaTeBrdit ﬁttﬁn{fPaFFn Baijheddi nthe  fixed
wavefdP@R, searching for positions of the fixed waveforns
in groups, the shape quantizing section sets
anpilier atbsupdn sefirgthavdoeftbe np gidbigmst of Jearigheflowvageforms,
ater, to. be equal to_or |ower th anpl i tudes, of a
the sigbS iraafiad B e s SarBna Il ar Y Hrafeform to
searchcdgdr Nt@Pas abeiSc @e£lodi Bg Iooved ahah lanWasipdithdehef a fixed
shape quanti zing_section searches for the positions
wavefgrmysparehed @uhS#EHiSE s using a 25 predet er ni ned
anplitude. 5. A coding nethod of nodeling and
encodi ng a frequency spectrum wth a plurality of :
2. fi Xbd wadeiorampatates ne¢dodicgnpe i sliang: la stapein the shape

.quanti zing step.of searchi for and encaodin ) )
quant I e G HER, SR s BT B8e g Ve Re e wasal trtine coding

distorB0f ¥ d8iiQeqUanth zi ng step of encoding gains of ‘the

fi xed waveforns, wherein, upon searching for the
positions of the fixed waveforns, the shape

qu 4 tep. conprises _set.ting an [ itude of a

3 fi ?gé %A?:a}gg?ore{r)ﬁffac{qg%%r% C?E)&rmigat teor, C?%?rbe Iéquv‘afl “yn. upon

searchofig | dyerpédiaivan @hplbet Wiee ®f vaveIbrihkxéd wavepor mhe shape
.searched out earli?r. )

quantizing section sets amplitudes of a fixed waveform group to search for

later, to be equal to or lower than amplitudes of a fixed waveform group

searched out earlier.

4, The coding apparatus according to claim 1, wherein the shape
quantizing section searches for the positions of the fixed waveforms using a

predetermined amplitude.

5. A coding method of modeling and encoding a frequency spectrum
with a plurality of fixed waveforms, the method comprising:
- a shape quantizing step of searching for and encoding positions and

polarities of the fixed waveforms; and

a gain quantizing step of encoding gains of the fixed waveforms,

wherein, upon searching for the positions of the fixed waveforms,
the shape quantizing step comprises setting an amplitude of a fixed
waveform to search for later, to be equal to or lower than an amplitude of a

fixed waveform searched out earlier.



