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1 DESCRIPTION AUDIO ENCODING DEVICE AND AUDIO ENCODING
METHOD Technical Field 5 [0001] The present invention relates to a
speech encoding apparatus and speech encoding method. In particular,
the present invention related 6 A% e@ﬁ%coding apparatus and speech

eneeding: methasi focperforming a fixecheoghpaksearchiN G Backorpomsd

Art [0002] In mobile communication, compression coding for digital
information about speech and images is essential for efficient use of
Techrfanbmissipn bands. Especially, expectations for speech codec (encoding

nd,g coding) techniques widely ysed for mobile phones are high, and 15
1900 oo riovehiel P0G GUAN 4 GemaRded or Copuettondl Aight~ "
speecbfficiency cgdingtbbligh compressioin petformance: {0003]cRéventhgiates to a

tandardization of le code in Itilayer, GONKIgHIALON IS, . ino -
S'peecﬁnagﬁv?/af/%,%Pé‘?(%ﬁ%ﬁ)e,#U-???r%ér%%o%ﬂgeégoﬁm%unicat on lj)r%nilgﬁnb ¢
fixed Telécbmmiuticatibn Standardization Sector) and 20 MPEG (Moving

Picture Expert Group), and more efficient and higher- quality speech
codec is demanded. [0004] The performance of speech coding technique,
BackgykieRthastimproved significantly by the basic scheme "CELP (Code

[0002fxcitedhLinganpredictionk: uriedeling the yacat system ot seegeh amd  digital
adopting vector quantization 25 skillfully, is further improved b {jxed

inforiggdieiion teHniqRES Usint4 sl Sidmber SPUISEY. sifth 48 thefent use of
trans@igebraiceadebookdiselasetyin MomePateiinPotument deiTUsllec (encoding
4 Cg%coglme?dati%? G.729 a&d &?{IéEu(rio 2an ge (—:-igenmrrillun]icati%rlle hioh. and
an SRASIE InsTittE) Staidald AMR [A&aptive MURE Rad) proposds” &t
furth¢epregentative:CELP codeciuginglary algetraicacadebdok, and vBd arenal high-
etric IS uopd allover the world: 10008] . 1, of performing speech
encoding using an algebraic codebook, taking into account the mutual
[000 Jhflu@roe betweenandsed forning tHe atgébhdic cotkbookaitis Hesirapiétilayer
confi ?Eﬁr&ﬁ alligonm{ra%tll%of F’H’}l_?esf@qer%'ﬁacﬂcﬂ?f)i'g‘fh()lﬁs@aﬁ(:hul-internatio11a}
owever, when the numbér of pulses 35 increases, the amount of _
Telecgapmanonst Fequirst for d séareAnAtSaset WkpotiettrIl 1y édntpegtor) and
MP E@viththis, iNenPatentdacumant Zidiselosesdar ewmplerpariial sgahhigher-
_pruning search and Viterbi search as algebraic 2
quality speech codec 1s demanded.
[0004] The performance of speech coding technique. which has improved
significantly by the basic scheme “CELP {Code Excited Linear Prediction).”
modeling the vocal system of speech and adopting vector quantization
skillfully, is further improved by fixed excitation techniques using a small
number of pulses, such as the algebraic codebook disclosed in Non-Patent
Document 1. ITU-T recommendation G.729 and ETSI (European
Telecommunication Standard Institute) standard AMR {Adaptive Multi-
Rate) proposes representative CELP codec using an algebraic codebook, and
are widely used all over the world.
{00051 In the case of performing speech encoding using an algebraic
codebook, taking into account the mutual influence between puises forming
the algebraic codebook, it is desirable to search all combinations of pulses
(hereinafter “whole search”). However, when the number of pulses
increases, the amount of calculations required for a search increases

exponentially. By contrast with this, Non-Patent document 2 discloses, for

example, partial search, pruning search and Viterbi search as algebraic
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codebook search methods to reduce_the amount of calculations
significantly and substantially maintgin the performance in the case of the
whole search at the same time. [0006] Among these, especially, partial

codebsadrcieiv the mimpleds rrethoéu septbvidintpam effdce afqatividimgstiragnificantly
and sBPQYAL SN calevlations, significaptly: ntigre. Nartial seargh isrthg MO ofcarch

dividing a closed loop into a plurality of smaller closed loops and
at thepintiiican open-loop search in the plurality of closed loops. In this
[0006partiahsearchs Hkisepossibie ig1Iedugea thie ameunt oficalgwationsplest method
) ignificantlyﬁccord'ngt the number of divisions. Also, }0 partial sear.(lgh is |
provigy minfdhitstioRal §?aa‘ib%l‘rlﬁigs mB U, iR TaIGBET IS (BB pdR T eantly.

Here,search: bisEdiShstantias dAdVk, dvbichi is thérstandskes eddieogf theo a plurality

third-generation mobile phones, partial search is performed after dividin
of s LS G e 0T b e there S ot ifsBguratics
of cldwmdnipeight cdmdidate ph5tpoakitions; there iarep 8451l 24096 dombinhtions ount

.of pul dt eyaluated. to se ses.ip.
e o L e S e U T
partidhteawe Bulssetsedf two ke and Perforbaa Sextbhtincthefosed algebraic

coded0ORSIDANIHuUY: Therefore; dhe Aumbenaficomiinglions atRulses ibeor the
evaluated in ETSI standard AMR is 20 2X82 (i.e. 128), which is one

thirdafRrERdeRd HOHE ArRbOMcst cRRIRIoRSARC the case B iR (vhbiger dividing

four SERIER.iMsther, evalyation in ETSI standard AMR is performed for two
ulses, which are less than four pulses, so that the amount calculations i

1000 HirtndrodtEelAton-ateRE Boctiiedt 1 SRS L apANIRG. AUBL, Candidate

positiSKBIt/SAEE LIP.Cotling «254df BpeectithdOmssSpeeshtFeamana need to be

| Ctan idate for ,CET Standardizatian”, IEEE Froc IFASSPQ% pg.ll-??nt "

evalugisiphtedf Biodurheht 21 N8mGs, 'R O2awa N Seri23lva, "Efficiant 2>t WIth

this, pulsd exoitdtioh sedithdnethotld int CRLPS Priog oof the $@96espringtwo pulses
meegting of the Acoustic Saciety,af Jap -P-5, pp. , .

ond e e roniii i e Saa e oot e

numbiowéver ngenmereity) thef pevforesatice of Spelach ehdading by arerigebraicIR is
2 x g ¢debpokparfial sparch i3 lowgrt thapdg fhecasg Oh e wholer 3883 Rons in

because positions of two pulses that are determined at first are not o
the cahgays GRtimbm. JO00IF therdfBfél i paMsEareh IIhE pedorRaAcs b MR is
perfotPREENRACOAIBY pulses, which are less than four pulses, so that the

amount calculations is further reduced.

Non-Patent Document 1: Salami, Laflamme, Adoul, “8kbit/s ACELP Coding
of Speech with 10ms Speech-Frame: a Candidate for CCITT
Standardization™, IEEE Proc. ICASSP94, pp.11-97n

Non-Patent Document 2: T.Nomura, K.Ozawa, M.Serizawa, “Efficient pulse
excitation search methods in CELP”, Proc. of the 1996 spring meeting of

the Acoustic Society of Japan. 2-P-5, pp.311-312, March.1996

Disciosure of Invention

Problems to be Solved by the Invention

{0008] However, generally, the performance of specch encoding by an
algebraic codebook partial search is lower than in the case of the whole
search, because positions of two pulses that are determined at first are not
always optimum.

[00091 Therefore, in partial search, the performance of speech encoding
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3 can be further improved depending on which pulses are selected to
form a subset to be searched first. For example, it is possible to adopt the
method of selecting two pulses out of four pulses in a random manner
can bangBbriHIRG QY §8a ki Hidi ittt gt ek e pated Sigrarto form a
subseliMesSfindingtheipair of pulsesnwhichithe grceding pertarsianNeeeisnethod
the highest. For example, by providing four kinds of subset pairs and
of Seé‘éﬁ?b‘h%gtfﬂﬁséj%iﬁspa(i)rg{inéi)éidﬁé‘fly it s possibile fo ﬁ?&kgooéBeéEﬁnner and

perfori¢ading perieuhanced clasede emdedipgrpedermancepitatheiwholeeral times,
... search. Inthis.case, 128 (82x2)x 4 (i.e. 51 atterns of calculations are

finGin G oBe WO 55 18 SihBo! e ARO0Nt o EIGLIAL AR I Eabgeiest.
For ekthemhole sqarchi Here, finthé abbve &xamples psubsets dredorniad in these
four paar}%rbl'ﬁrgwiﬁlﬁgﬂig’gﬁnﬁst 0§ 1151905PHA %r‘éﬁzﬁ‘é@ﬁ%f’f‘@é{cﬂﬁ'g15%8%rmance

searched first am our kinds of pairs. Therefore, If a search Is
close performeetdima phesiityafsases nindhidualy ! thes tésalting éAcdlitig case, 128

(8% x2hedormance 3*1%8#9&9@%@%&0@%1cltﬁ@tnigﬁ@eg%alr_%a@zﬂﬁm which is one
performance is insuftficient. [0010] It is therefore an object of the present

cighthnériticnaB provide! & dsedati eRéodInG afiFaratas Bhe Sieden 6id6ding Here.

in thaMethed fox perforning, 8. alaehrais Gadebook partipl saaichantier, and there
improving encoding performance. 20 Means for Sogin%the Probefe

, lem .
is 10 [BBA9]The SR BhéBHing Hpparaths oF e prebdhtthvehfidH eployid s ©F
pairs.configusationrbaving: a caleilaling segtioidhatchlcilates gduefdiion of cases
... Vvalues in candidate uls;e ositi nsTusin target signal and a plurality of ..
indiv{THalDtorling s THAH Soddboeh BcTEICUIAAE 5n 3 5e) puldd Hasi 28 10ns:
and thepresehtativedvalyes: of dhen pulses using: faxiewim values of the

[001¢3PgiAtAN yalues; a SQH“”&:?@S@OB%h?ﬁe\]sort%et?eenﬁe%e§ Niptive %a'%%vi_de 8
cquired on a per pulse basis, groups pu sés corresponding to the sorted
speeclepresediatiyer vaduestinte adplspaktyfofpredetagninsdisubsats agdforming an

al g e bIEIETNNRS 3 first Syhpet Lo ke searchpd fisshiamang e PIIAlY Rim ance.

subsets; and a search 30 section that searches the fixed codebook using
the first subset and acquires a code indicating positions and polarities of

Me antheplucality; ok pulsesfor 1 inimizing coding distortion. [0012] The speech
encoding method of the present invention jncludes the steps of:

[00 1 gicuidingResratRh s TRRH it plise Hositiohs Uiy g 3 mploys a
confitaigetigignal and:a pluralityletipeises forauing a fixed:cogdakaokiandcorrelation

ARG 2138 0 P b reressnalie i oL USSR BN o1

g
he fepresen
pulsevalfiesming a fixed codebook, and calculates, on a per pulse basis,

representative values of the pulses using maximum values of the correlation
values; a sorting section that sorts the representative values acquired on a
per pulse basis, groups pulses corresponding to the sorted representative
values into a plurality of predetermined subsets and determines a first
subset to be searched first among the plurality of subsets; and a search
section that searches the fixed codebook using the first subset and acquires
a code indicating positions and polarities of the plurality of pulses for
minimizing coding distortion.

[0012] The speech encoding method of the present invention includes the
steps of: calculating correlation values in candidate pulse positions using a
target signal and a plurality of pulses forming a fixed codebook, and
calculating, on a per pulse basis, representative values of the pulses using

maximum values of the correlation values; sorting the representative values
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4 acquired on a per pulse basis, grouping pulses corresponding to the
sorted representative values into a plurality of predetermined subsets and
determining a first subset to be searched first among the plurality of
acquikghseis faRB sBASRIRREE-fiZea WBHED YK BSnG RESHRP BdhREL Hhdlte sorted

repreQﬁ{}%ﬁ@?@g afgminqiiﬁaating 5@&9@13 @ng@plaﬁﬂséeq%.ﬁl}fialyd}al;]%@fsets and
pulses for minimizing coding distortion. Advantageous Effect qf the -
detertidAgorf{0b1 8] A%tg%?ahd?o fhe &@%fe%ﬁﬂve%ﬁah, w&&geﬁ%m‘dﬁahw of
subsefixedadd cogehngl partial seareh inspeectvencesing, thesubiset tabeset and

searched first is determined using representative values relating to puls )
ener g iEad 1id Tl COReRION Ul ied b AT 1SR ooS oS Y ©f
pulscafalgabnaie i eodebeak partiad searol and improve encoding performance.

15 Brief Description of Drawings [0014] FIG.1 is a block diagram showing

the configuration of a CELP encoding apparatus according to
AdvaEmbpodimdnt ieofithé preskritémiention; FIG.2 is a block diagram showing

[001341e cRAMIGLAlON insidg,a 20, distqrtion, MRIAING SECHONACEOIAINEL0 o fixed
mbodiment | of the present invention; FIG.3 is a flowchart showing'the
codebgreps i datdulatiig htnidaRfime eepeiatonthslua b ehdR fiisesarghed first

is defBaximum cosralationvalus ealculating] \rection aGeardiag to Bmbogdinentl the
of the present inventian.; 25 FIG.4 is a flowchart showing the steps of

maxigyding PrETELiy BA e nidkitidi CotreRtion PafudoR AR BRISS iR ke cbraic
codelsasting SEiDRAGCI ARG tan Frokedimentilgf ther presentdrvention; FIG.5
is a flowchart showing the steps of a fixed codebook partial search in a
search section according to Embodiment 1 of the present 30 invention;
BriefRI@ & ismmother flowchatikshowing the steps of a fixed codebook patrtial
(001 earch in a search section according to Embodiment 1 of the present
invention; FIG.7 is a flowchart showing the steps of sorting processing on
the BBimlaximum doredlationgvalue ohesch puldesinca sorgintpseetiont 2 CELP

encocﬂglg(gvr%&ﬁatm@@mﬂ%ef g presantinvention; FIG&isa flowehaty,
showing the steps of sorting processing on the 5 ) ‘
FIG.2 is a block diagram showing the configuration inside a

distortion minimizing section according to Embodiment 1 of the present
invention;

FIG.3 is a flowchart showing the steps of calculating the maximum
correlation value of each pulse in & maximum correlation value calculating
section according to Embodiment 1 of the present invention,

FI1G.4 is a flowchart showing the steps of sorting processing on the
maximum correlation value of each pulse in a sorting section according to
Embodiment 1 of the present invention;

FIG.5 is a flowchart showing the steps of a fixed codebook partial
search in a search section according to Embodiment ! of the present
invention;

F1G.6 is another flowchart showing the steps of a fixed codebook
partial search in a search section according to Embodiment 1 of the present
invention;

FIG.7 is a flowchart showing the steps of sorting processing on the
maximum correlation value of each pulse in a sorting section according to
Embodiment 2 of the present invention;

FIG.8 is a flowchart showing the steps of sorting processing on the
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maximum correlation value of each %ulse in a sorting section according to
Embodiment 3 of the present invention; and FIG.9 is a flowchart showing
_ the steps of rearrangement processing on the order of pulses in a sorting
maxingeatigiPatebrting HaEnshadiment I BelB BrasEhtiiveRto BasSCIHa ¢ Lo

EmboBnGaTyingQutthe davantian {0045} Emkodiments of the present

invention will be explained below in detail with reference to the X
accohbanying drawingsr 1B eiBE(EN DR 1) FE A BePGREPTOCessing
on thdiggramshewing dhe cosfigurationr oficELR condedingappamiusn et 3 of the
according.to Embodiment 1 of the present invention. Here, an example
presegh B\l B8xplained using a CELP encoding apparatus as the speech
encoding apparatus according to the 15 present invention. [0017] In
FIG,1, for speech signal S || comprised of vocal tract information and
Best I‘é[xocl &tion isé)f%i}]rﬁﬁ%ﬁé’%?%kt’ﬂ’ee?ﬁlco%?r%boé]pparatus 100 encodes the vocal
[001 SfracEinfodatiomby odlohlatingeEPC (Lingart Rredictibn beceffidientyd below in

detai PRIBICISS gﬂgee"?& %%%9&‘?@'&%2%““@&1%9 sby 20 determining_an
index specifying which speech model stored in advance to use. That is,
[001 6the ékeitdtioh inéarmiation is encoded by determining an index specifying

what gxcjtation yegtoreode Mactl) thaenerate;in. adaptivecadehooks CELP
103 and fixed codebook 104. [0018] To be more specific, the sections of

encodbiy P GPRBEINY appaAratuste0 42Bhe ot e FlIWiAG oper&iondie  present
invenlQ839] LPC-analyzingessagction10d erforms alineangpediction analysissof CELP
speech signal S11, calculates LPC paramegters that are spectrum

encoQRGeIghS dhitHhation did GBS tPEPE ParathaRIa L pEcCrding to the
presc@udntzatioasection 102 and perceptual weighting section 111. 30 [0020]

PC quantizatign section 102 quantizes the.LPC parameters outputted
1001 o LC biGlyping SboBi 101 aG Bitp e SEMge: quatzed CHo 17
inforparameters do kRC syhthesisifittem0doand aifihBexcokthéi myiantizeddtRe 100

enco c{) easratTgt%rg ctg éﬂl? %Lgt%ilg{feog) %ﬁloa e&?ocdai'i‘&ﬁBPﬂ{ gtlﬁ*@o@m@%}] pﬂ: diction
he other hand, adiaptlve codebook 103 stores pastexcitations 35 used in
CoeffiP@ Bynthpsisfiltic109, amd genarates arl Brcitationgétedr of pHermation by

deterﬁﬁw{ﬂg‘edf{ OfR &QQ %B@i%ﬁ'gaﬂ?ﬁ%%c%?é’é’}% F%@@@dgmwcmmgnce to
lag asSociated with an index designated from distortion minimizing .
use. se%ﬂéh 132 ghe excitation information is encoded by detérmining an

index specifying what excitation vector (code vector) to generate in
adaptive codebook 103 and fixed codebook 104.

[0018] To be more specific, the sections of CELP encoding apparatus 100
perform the following operations.

[0019] LPC analyzing section 101 performs a linear prediction analysis of
speech signal S11, calculates LPC parameters that are spectrum envelope
information and outputs the LPC parameters to LPC quantization section
102 and perceptual weighting section 111.

[0020] LPC guantization section 102 gquantizes the LPC parameters
outputted from LPC analyzing section 101, and outputs the resulting
quantized LPC parameters to LPC synthesis filter 109 and an index of the
quantized LPC parameters to the outside of CELP encoding apparatus 100,
(0021] On the other hand, adaptive codebook 103 stores past excitations
used in LPC synthesis filter 109, and generates an excitation vector of one
subframe from the stored excitations according to the adaptive codebook lag

associated with an index designated from distortion minimizing section 112
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described later. This excitation vectar is outputted to multiplier 106 as an
adaptive codebook vector. [0022] Fixed codebook 104 stores in advance

a plurality of excitation vectors of a predetermined shape, and outputs an
descrigesitatioh vecldri s axsb@ates WRREA ifdex HosigRhted oM thsteridR0 as an

adaptiPINIRIZING,SECUQR 12 to multiplier 107 as a fixed codebook vector. Here,
fixed codebook 104 is an algebraic excitation, and a case will be

[0022gxplained Wi Rr4lgsHrhic BEERbEbIAE YRRES Alsd & Hijdbiic excitation
VectoﬁXCiﬁmoﬁl iap@xeiatinreadopieddn maay stangatd cadecsx10:i0023] vector
f Further, above adaptive codebook 103 is used ta represent more periadic
oSS0 b aRURS AL Vo SPEAEHE e dd GSACHOR TOANS (s o L0 112
to mulepresent Essperiddic: compgeents likecnhite nbisec [0024HAcedrdingto104 is
the designation from distgrtion minimizing; section, 112, gain codepook; .
oD R TSI A Gain 47 T B Abcibook s 10 B T lgebraic
codebauthuttedsfrdm addptivercodestole k08 ket ptidaptiversodebdekigairgdmted in
many & (%, ird E{ga_tgg ié‘@sd. codeboo_k vector that is outputted_from fixed _chebook

* 104 (1.e., fixed codebook gain), and outputs these gains to multipliers 106
[00233nd BT resspedtively f0aREMutipiith a0k mikipiiesithidadapiiveresent more

perio £00eboRk yectar oyiputies 2 fram.adapiive codebosk- 3 By dhe104 is used

adaptive codebook gain outputted from gain codebook 105. and outputs
to reppRs FaYulets auder 408 CBPEIMD Il LM MEIRSIES the fixed codebook

[0024avectarQutputied fiomn fixed Gedehnok 104y thedtixerd sodehdekigainy section

outputted from gain codebook 105, and outputs the result to adder 108.
112, 5811005 SR 105 B0 S0l BolbdBE VELIB! Bitp HEGHA vector

that ipdltipierk06fanehthel fixed eodebobkaolectorolitputted fpmvmultidlidrad? gain)
an(gfoutp ts the resulting excitation vector to LPC synthesis filter 109 as ..

and 328Ut %n?%o éﬁ%gccgénetaﬁgé?% filteF 109 g%arﬁ{er"‘asfeso Ealtgy}lrl%%ééis% s?g%aihxed

codelusirig d fiker( 36.funitien inclutiihg the quantizedid O parartietéhsse gains to

LQuit uttg% om LR&-auan ig iQn. section 102 as a filter coefficient and the
multi x%:%:slstion {S/reab%#s %e’nera\ge(ﬁﬁ Egﬁ)tive codebook 103 and fixed

1002 odeYadki pbi4 ns! Scitatidhs) ithat iBs USHPAIVEPE SPRPeSISTRIE THIS D utted
from SQ’JEB??\'@ signal i3 gutayted to, adder 11.0.,35J0928LAddes klQuiputted from

calculates an error signal by subtracting the synthesis signal generated in

cain ¢ pgsbpsthebisfilfrd 09 RIS sPeEhsdighat S1d dshd Butputs this error
[002&j9nalito penceptuaiweightipg seatienliddHergeHisk vector outputted from

fixed codebook 104 by the fixed codebook gain outputied from gain
codebook 105, and outputs the result to adder 108.

[0027] Adder 108 adds the adaptive codebook vector outputted from
multiplier 106 and the fixed codebook vector outpuited from multiplier 107,
and outputs the resulting excitation vector to LPC synthesis filter 109 as an
excitation.

[0028] LPC synthesis filter 109 generates a synthesis signal using a filter
function including the quantized LPC parameters outputted from LPC
quantization section 102 as a filter coefficient and the excitation vectors
generated in adaptive codebook 103 and fixed codebook 104 as excitations,
that is. using an LPC synthesis filter. This synthesis signal is outputted to
adder 110,

[0029] Adder 110 calculates an error signal by subtracting the synthesis
signal generated in LPC synthesis filter 109 from speech signal S11, and

outputs this error signal to perceptual weighting section 111. Here, this
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7 error signal is equivalent to coding distortion. [0030] Perceptual

weighting section 111 performs perceptual weighting for the coding

distortion outputted from adder 110, and outputs the result to distortion
error maﬂmi;qhg@éw@}ﬁz_}izpsc[@ém BisttHibA Finimizing section 112 finds
roo3oihe mdices Qf-adantive, ¢adeleek 4A3.1fixedcadebeak tapdgainweighting

codebook 105 on a per subframe basis, so as to minimize the codjng o
for theSATDE GO kA PETEEbLA RelgAtiio IO £ BAG LRSS 11t 1©
distorihesenndicasAm the autside; o2 CELP encoding apparatus 100 as encoded

information. To be more 10 specific, distortion.minimizing. section 1 .
[0031 4o nBISHY B YPntReBiIEiGHE B5S&PEN fé%vglélé%’pt}ég chUHSSK 1038t ve
codebiixad daelebotik d04 cldérd i Iseriést ofaprocessing twfied tlod cdding on  a  per

_distortion. of this signal forms. closed-loop, cgntrol cont
subfl %Fthgﬁséf;sitosrﬁor? %i%fm%lr?gl r%leécati(c)%nhilé 85%5? hgs? %&Q‘E‘g ebggﬁ)ﬁtﬁd from
perceparoushe changingsindives thal 15:ddsignate the oslebosks & drethe outside
ot ciEtBae, ad.oupKLa e repylingndices Rling.adehRoks MINMIZIG moxe
“the coding distortion. [0032] Also, the excitation when the coding distortion
specifécmidirizeti 5 feth I5aBK Tt aptive CodéBEoKEOT BH & pér subfARTes signal
basedPBRIS:KAPIYE, FodebeoKk 103 Jpdaies stored gxaitalions By thiso4.  Here, a
. feedback. 20 [0033] The method of searching fixed codebo%ﬁ,lm,will l%e

seTiesexpiaiRERC BRI Fifst, eititaibhVdstodeiEH ARd Lbd eaictiafibh torms

close @6 Pprfopneh by searehing for anextitation yedter to diniimizetheninimizing
. coding_ distortion in following equation 1. [1] 25 T=~x-(pHa+gHS)F ..

sectia ek bR L) WAeAIE AU Mctorion S ARG LR Aukpiles thar

desigaadehaekuattorogain; 30 Hipencehtualayeighiting gynthedis filtagleing indices

adaptive c?(debook vector; %_glxeddggge PS%}/&%W gain; and a: fixed

of thecc%& &ngc%lrrtb%léﬁ]i ; nera?lg)/, an-adaptive codebook vector and a
[003 Aixedsdodehibeke 85ivatton ard searbhechibirig ahereloops (thanisimized is fed

back S%’.a%aé{%é%oxpes)’ ﬁ@@ep%%\se%%ntlgna Gode.0f adapive,codshenk 104§ aptive
derive searcning ror a

codebook 103 updates stored excitations by this feedback.

100331 The method of searching fixed codebook 104 will be explained

below. First, an excitation vector search and code calculation are

performed by searching for an excitation vector to minimize the coding

distortion in following eguation 1.

(1]

j’f-f=jx—~(pHa.—|~qHS)!2 ...(Equation 1)
where:
E: coding distortion:
X coding target:
p adaptive codebook vector gain;
H: perceptual weighting synthesis filter;
a: adaptive codebook vector;
q: fixed codebook vector gain; and
a: fixed codebook vector

[0034] Generally. an adaptive codebook vector and a fixed codebook
vector are searched for in open-loops (that is, in separate loops), and,

consequently. a code of adaptive codebook 104 is derived by searching for a
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8 fixed codebook vector to minimize, the coding distortion shown in
following equation 2. [2] y=x-pHa E'Jy - gHsl|, ... (Equation 2) =5 where:

_ E: coding distortion x: coding target (perceptually weighted speech signal);
fixed godstimakatepiie CodtiBosk vECBE gafine sirieptiarwdightingn following
equatidpthesis filter; 10 a: adaptive codebook vector; g: fixed codebook vector
, gain; s: fixed codebook vector; and y: target vector in a fixed codebook
[2] search [0035] Here, gains p and g are determined after an excitation code

is 15 searched for, soitkat a géirch is performed using optimal gains.

Then, above equatiogﬁzmﬂan_h Sxprés%@@ﬁ%l%ing equation 3. [3]

Y=x- xHa Ha 1Ha ..( ql]"aﬁ’ong%e'Ezv -Y HsHs Hsl2 [0036] Further,

minirhizig this equation of distortion is equivalent to 20 maximizing the

function C of following.equation 4. [4] C= (j'H s) ...(Equation 4) sHHs
[OO%] There(fgr((l-:-l,r}% t%lesg%lzléool% searching for an excitation co)mprised of a
small numbes of puists gatH pstan Elgebraieveodbbodls preitativie il )25
caleulating vt and Hilip adyance, iLis possikle i9.calgyate the above
function C with a small amount of calculations. Here, elements of vector
yH Eorresporid 16 théysdisees paEifi corrdiagiors vERies: That is, an element
of yH acquiregh by pedorming adimeLavgrse synthesis of target y, is
equivalent to the correlation value between a synthesis signal of the pulse

q: fixed codebook vector gain;
s: fixed codebook vector; and
Vi target vector in a fixed codebook search

[0035] Here, gains p and q are determined after an excitation code is
secarched for, so that a search is performed using optimal gains. Then,

-~

above equation 2 can be expressed by following equation 3.

(3]

»...(Equation 3)
:

[0036] Further, minimizing this equation of distortion is equivalent to
maximizing the funét'mn C of following equation 4.
[4]

(vH: )’
h sHHs

C ...(Equation 4)

[0037] Therefore, in the case of searching for an excitation comprised of &
small number of pulses such as an algebraic codebook excifation, by
calculating yH and HH in advance, it is possible to calculate the above
function € with a small amount of calculations. Here, elements of vector
yH correspond to the pulse-specific correlation values. That is, an element
of yH acquired by performing a time reverse synthesis of target v, is
equivalent to the correlation value between a synthesis signal of the pulse
that rises in that position and the target signal.

[0038] FIG.2 is a block diagram showing the configuration inside
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30 that rises in that position and theagarget signal. [0038] FIG.2 is a block
diagram showing the configuration inside 9 distortion minimizing section
112 according to the present embodiment. Here, an example case will be
distorgiqilaiidd Wherd gn SER%ENCOdEhobReSEAiETE il Uidtbrtioy Mfigimg odiment.

Here, Sﬁ@@@aﬁi‘%’ furspulges fB@WLiBl;% an lgehraic codebpokare divided tosearch
two subsets of two pulses and searched, Also, 5 assume that each pulse

in ditedURht BHRARAT PositioiidO 0BT in FIBT 2 RtbiS ol P ATHiRGZiAG alecbraic
codebsegtiond 12 s peavidad with, adaptive cadeleol searchasattivn 28is dixedalso,
codebook search section 202 and gain codebpok search section 203.

assumgd 5o G BoBLoR SodicH SERRSHT0S RETOVIAL with masimum

[0039¢orrdlatiGt Galue dalculating sectiom10iA2]1, sortingrsectipn 222 rovided with
ada tp\;gpf%ccfesbs(i)réq,se‘gg(r)th%B atngnsef(lﬁh Sf?cggnczozg'é O(C)JﬁO];eAda 1tivseec§ion 202

Pl btebook search section 201 Searches aéaptive codebook fb%@using -

and gading dibtbrioh ssibjected toqperceplésl weighting infperdeptadebook search
sectio\é\{em'qg SEUAR I Xy AHARUME | qgﬁb@@zl_(réfegtrl%hsggﬁ'ﬁg %9%%‘%&9%%“5,950{1013

adaptive codebook vector code acquired in the search step to adaptive 1
221, wodeboi 103 Mot PHRd BRlapiiid EoteBoR vectortdde ateuiteédagn 224

{0040?935&'815% Wtto maxigum cosrelation.value calcwlating,sectian 223 dndixedh oo k

codebook search section 202 and to the outside of CELP encoding

103 ughparafii M0 [00RUPRIxEPEBEBIbOR SEACHEBEON P62 PdrfoimdPaRceptual
weigAdaptiyeccosiebopk, 20adtial searel vsing:.ceding distostinmsubjectedgats the
perceptyal weighting in perceptual weighting section 111 and the :
adaptiye nfigd tBaRBooK TERTorraste $68AIEE abinplt roff EfhptivePcddettio ! v
codetmesitch section ks Fuithexd dixad codebiobk skarcirsection R02aoytputsd as a

he flxel% l?odebook vector code acquweld in th seiarch stseg ‘}o fixeji21

Searc%o%ee%lo idﬁ?ﬁﬁﬁ%ﬁ%pﬁ%%ﬁeﬁi&%% 5% gce)d%%ocolk %1& r coC éoa%quweén fixed

codelasod searchresuititent ) duasidet of B E LR tendodind-dppEratusclod ang torratus
100 gain codebook search section 203. [0042] Gain codebook search section

203 searches a gain codebook based on the fixed codebook vector code
1004 Irpcelied dscinpabfrol seareh sestionn 2282nmsidd todebboldgeaiel codebook

parti SEEUARA0 %18?9%%91'151{9_/”&9@ gHbigcted 19 30pareepHal Weighting M ohting in
perceptual weighting section 111 and the adaptive codebook vector code

perceRidibelt BN UL ERT Edptive lcotith ¥ sédiht L¥Eciclof P oruriator code

recei 98N GadeRpak seaish seatien 203 oukpsithe -adaptive codebaakigairt urther,
and fixed codebook gain acquired in the search st%p fo g%'n codfbook
odeboo

fixed158d5HA Vhutpbtd the faptibe CoadbbOR Gaitind kdd © vector code

acquired in the search step to fixed codebook 104, and outputs the fixed
codebook vector code acquired as a search result to the outside of CELP
encoding apparatus 100 and to gain codebook search section 203,

r0042] Gain codebook search section 203 searches a gain codebook based
on the fixed codebook vector code received as input from search section
224 in fixed codebook search section 202, coding distortion subjected to
perceptual weighting in perceptual weighting section 111 and the adaptive
codebook vector code received as input from adaptive codebook search
section 201. Further, gain codebook search section 203 outputs the
adaptive codebook gain and fixed codebook gain acquired in the search step
to gain codebook 105, and outputs the adaptive codebook gain and fixed
codebook gain acquired as search results to the outside of CELP encoding
apparatus 100.

[0043] Maximum correlation value calculating section 221 calculates an
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35 codebook gain acquired as search results to the outside of CELP
encoding apparatus 100. [0043] Maximum correlation value calculating
section 221 calculates an 10 adaptive codebook vector using the

adaptiggaptvie boakbbokivactsr e8de feddivBH vas eSO ddsiRveccstebok!ved

as inpRAER section 20% andicaleylatesdarget \astar Y 8howmin equalion & target
Further, using the synthesis filter coefficient H in perceptual weighting

vectokedtioAMOM TmaRimfAt ebfBlation 5 ValiE Edlculstiitiselion pqthests  filter

coefricaloviates and.euiRyaitie puserspesifice edwelation valugxyh imeachrrelation

candidate position to preprocessing section 223. Further, using th o
value GRS CHAablue I B RAFCOME bosiiat RaaRecifi
correlcartelaticnwvalydicdlculatirly sectibinl 221 waddtiatestand outputs théng section

223, m%xﬁrrnt r?r?or}[g{%%(f)ntﬁglug}%Pgépg}é\ggyﬁlcpué%%% %%{[}f)ogort\lfrégﬁseecglr% 2'1%?' each
Here, calculation the maximum correlation  valués in maximum
candiderrelgtion value calculating section 1221owillbe udeseribed datengin detgipn 221

calcu{QPéégjau%gf%Qﬁg&%iQﬂ_g%gﬁqﬁ%u%e m%@m%ﬁovﬂa@gno\famﬁfd yal pulses

individual pulses received as input from maximum correlation value _
to sogtivglatingisenticiy 221, iH ereer fomuthis iargest nilkimimrdsHElatioAITclation

valueYalte (Rereinafier referredhio A "saming Rocessing:). Ftiesnbased of/ill be
the sorting result, sorting section 222 divides four pulses into two subsets
descrigrefdapeisds @atHutputs the division results to search section 224.

[004 4F0rting, -PrRcessing ihsorting seelion:222 wikkhadescribed tatar émdetaies of
... 20[0045] Preprocessing section 223 calculates a matrix HH using the
indivighihedi HiR cERTRGIEN HIR pedubtudl Weightiag SBltbn TL1 FaHAG, Volue

calcufeam theseolarities (+ andr)ief theelethentsrofeveatonyihieceived dsinputvalue

_from maximum correlation.value calculating section 22 rocessin .
(here g QiliSh 253 e siminod and BULEULS 0 Boliles bt tns bLlLes, popta 28" e
sortirgearch Bectionid24s &d he g dpecific, fo praprbcessimy seetion28ithel two
_ olarities of individual pulses that rise in.respegctiye. positions, ares - 4 N
pulsecopaﬁalna?g(gpvt\/l'itﬁ t(g1ecpcf)zt'falrigtﬁ;sesé of t%rk%g%\l/%{;sugts%'%f_”yg in thogg%%sitiéns,' andsomn':
procethe polarites bh theardlivas of yHvate Beorsd ¢id eiffbrent seglidate. After

roo4 e pelaritiesinsthese Resitions are storag.ina differentsaqueneen30using the
preprocessing section 223 makes all of the values of yH absolute values,

sy nthigitsisli Preip e Bedfidh 223 eenveHs tid $AKRE e ol pdsitive urther.
from HEESs Fhes 1o copyert the ppladties ohthesalues of it received as input
from prrgggggneggngcg?%i&rt]i%%s rwpzlflllﬂgliega%g%l\%li%egs Osfelz,'l%_;lobry pzoﬁr,iti%srfjar})rocessing
section 223 determines and outputs the polarities of the pulses, pol, to
search section 224. To be more specific, in preprocessing section 223, the
polarities of individual pulses that rise in respective positions are
coordinated with the polarities of the values of yH in those positions, and
the polarities of the values of yH are stored in a different sequence. After
the polarities in these positions are stored in a different sequence,
preprocessing section 223 makes all of the values of yH absolute values,
that is, preprocessing section 223 converts the values of yH inte positive
vaiues. Further, to convert the polarities of the values of HH,
preprocessing section 223 multiplies the values of HH by polarities in
coordination with the stored polarities in those positions. The calculated
vH and HH are outputted to search section 224.

[0046] Search section 224 performs a fixed codebook partial search using

the division results received as input from sorting section 222, the coding
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coordination with the stored polarities in those positions. The calculated
35 yH and HH are outputted to searth section 224. [0046] Search section
224 performs a fixed codebook partial search using the division results .

d1stortece_i\ﬁeda_a@mmqmmmgﬁéé@mﬁzmgthé dodiprplaabiisteradming section
P11, ﬁﬂﬁleﬂﬁd i pefepptial welghting inperceptal walghfing.seelion sdddion 223.

and yH and HH received as mCPut from preprocessing section 223. Search
SearchestioH 9R423dtpRikd RHESTikBE dbHeHoBRIARIGKCIES WiqEREd idgagired in the
searciPeAEH steriQ dixedherdrhnok 104 and Qutbsis dhenfixgikeedelprioveatokector

5 code acquired as a search result to the outside of CELP encoding
code AAUIERAS 2800 ARMGHIH CTHLOR Rt §8E:Bh 503 - AISS tRE fikedP Paratus
100 a6@debook padial oseateh dn seandh sention 224 will he: desedbeddatardi partial
detail. [0047] Next. the, roc_?s?;)fgalcul. tin 1the maxi(rinum correlation
search AR ST ERAGTBURE irrmaXifiuns coer?gfé%’(%n ValTé ERiEtting section 221
[004 7Will b0 ekplaineddnsdetait.a0048] FG.Bhis anflovichant showdhgtthe value of
each Stg geogga%%%g?lg%gr%] ec?far)éligy{n nc_qig%%tl%na}/%!‘;%%gag@&%%}e Hbh 1 will be
aXimum correlation value calculating section . Here, a processing
explaexadphe dwitlkbe explained where maximum correlation value calculating
(004 xi‘fdwglig'”g%fW&%Q'%SQ%g'Q% where 1z e value ot PlseRaximum
(yH) is the highest, and, based on these positions, calculates the ]
correlpsRimunt correlhtiercalns o pifsa TR {ODATT FREERIgkiMinY abifelsabpuiating
sectiof@lye calcylating section-22i, ensuEgs pseavencedaiQis]oh predaterdingt imum
candidate positions of pulse 0 and sequence yH[32] acquijred b

y ...

corre LAYty theC BHFBRIGH VAEE YR friat IS T8 Y0 $4SRaRR iRfp Hions Where
the vROSEIVEValuesST 101Q) [Q050lNaxiHeaximu corielationvalese positions,
| alculljar}%gg section 221 initializes th% maxifgnum value max00, the
calcufgias HIS i DETe S0 B HHE St i Highe St Uiug) maxol and counter |
[0049BT E02Q), andkinewstep: movestio the ldap forhed anitip STetOR3MtA3T ensures

1080. 25 1] In this loop, when the value of counter.i is equal tQ ar
U St B B (N EE T HOA0), reA LA Sorb A calshistng
seque_sezgigfrﬂzzmdﬁaide?setfhéx}t@h@@prpmge@singdmeéaﬁl@namiiéatéféo@iﬁériS used
for Sé%{m{sn?[q) gﬁg&@ﬁglg,@aﬁq glr@@qre%l?g_process. By contrast, when thg

value of counter iis less than 8 ("NO" in ST 1040), maximum correlation =~
[005 Waluelgaicaleatatingrseefisrr bot Aeciads it 168l progessinipis Aetl Initializes
the nfifishedncompletalyxand e step pves Qul 198%: [A052 INext dbihe highest

correlation value yH{[iciO i]g in a position indicated by
value) max01 and counter i (ST 1020}, and the step moves to the loop formed

with ST 1030 to ST 1080.

and

[0051] 1In this loop., when the value of counter i is equal to or greater than &
(“YES™ in ST 1040), maximum correlation value calculating section 221
decides that the loop processing for each candidate position is finished
completely, and finishes the process. By contrast, when the value of
counter i is less than & (“NO” in ST 1040), maximum correlation value
calculating section 221 decides that loop processing is not finished
completely, and the step moves to ST 1050,

[0052] Next, if the correlation value yH[iciO[i]] in a position indicated by
counter i is greater than the maximum value max00 (“YES” i ST 1050},
maximum correlation value calculating section 221 stores the maximum value
max00 as a semi-maximum value max01, assigns the correlation value
vH[ici0[1]] in the position indicated by counter i to a maximum value max00

(ST 10603, and returns the step to ST 10306. If the correlation value
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counter i is greater than the maximym value max00 ("YES" in ST 1050),

maximum correlation value calculatirigg section 221 stores the maximum

value 35 maxOO as a semi-maximum value max0l, assigns the correlation
yH[iciHiuE HEboFpPH e posliontribaiced BY Guhtsr P8 hiaxitiulRsiailign the
maxinMa0Q (8T 106Qk @ngaeiyrns; thesstep 8T, 1030 ihihencarselatialion value

value 12 yH[iciO!i!! in the position indicated bglcounter i is equal to or less
calculgidR gt TH8murh PHINE il eRE hIisTA050), maximum correlation

[005 3yﬁlqee§ailcmaﬁml§@ﬁtmt28[ﬁ nmeves e [32&;%[@@'5(;137@0[&1@5&1 et dfed by
the correlation value yH[iciO[i]] in a position indica 5 cqunter,iis... -
countfe it (i T e makmORR S M (Ve K & b7y S in ST
1070)maxinnim eorretation value catcllatingasection 221 assigns the Icorelagion the
value yH[iciO[i]] in.the position indicated. by counter i tq the L
corre R Uhlae ol IS 1008}, S rehiae e ot & 4P Fab 10 (e
semi-($Axi1080). By wontrast) if (v cofielationnvaluet yHICIO[H] #ee positidn 1¢3 (ST
1 080)'.”d'°§5‘?d Oy.counter;iis.gqual 10,91 less than fhe S%mmmmwalye position

maxOl(’ cula

o 'NO"In ST 1070), maximum correlation value cal ing section
indicpzs rdurse tHe step th STIHR30190054] Risxt B TthO30¢ MbpdmGAmum value

max0 Fofrelation yalye calepiating section, 224 inarements £AUNter idy #Ne @ngtction
returns the step to ST 1040. 15 [0055] Thus, maximum correlation value
221 refiumiihg sETEdA 221 tRtWates the maximum value max00 and the

[005 45eMisaximyng valye noaxl amengn cevelation values of singlaipaised irction

. candidate positions. Further, using the steps shown jn EIG. Ximum
221 G SAHE R AY SAEOA I TS TS BNt B Giions

[ 005 3yhetghthe catrelatiom vadues! @) ofintivddeal Q0 putses dc 2and 3larsthelates

_ highest. That is, maximym correlation yalue calculating sectian 221 finds ,
the I it 1 Hrad0. | mEs30 S A W IgreCant e Hmone
corremaximuma lvalsesfanththe sewismaximurmudidsiof pipgividoal pulseghicr? using

the st\a/en% 3 2%%61A\‘%’fb%S,"]l%'ﬂ?nm%i%‘f?,e‘{ﬁ%i Wﬁ'aec%?@mm%gg%é@uon 221

ues 25 among correlation values of individual pulses 0, 1, 2and 3,
finds raxirad icarrelanoht e R aiTg SeardaRon valkisatés theof individual

pulsedaximum correlagion yalugs [0l S[I1$2k2]andpik efdadivdual RYIsES value
according to following_equation 5. As shown in FIG.5, maximum

calcugattamtisit Vabe ddiclimgingng8dtbn91 Kihd&ieStalie irabdnftfr 3 ¢ and max

31, wRlrelationvaluas assogiates with 391 individual pulseshy-adding:the values of
semi-maximum valueffchorrelation value at a predetermined rate to the

indivighiah B $fiuk of 88frelation value on a per

[0056] Next, using the maximum values and the semi-maximum values
among correiation values of individual pulses 0, 1, 2 and 3, maximum
correlation value calculating section 221 calculates the maximum correlation
vaiues S{0], S[1]. S2[2] and S[3] of individual pulses according to following
equation 5. As shown in FIG.5. maximum correlation value calculating
section 221 finds the stable maximum correlation values associated with
individual pulses by adding the semi-maximum value of correlation value at
a predetermined rate to the maximum value of correlation value on a per
pulse basis.

S[0i=max00+max01x0.05

S[1]=max10-+max11x0.05

S[2]=max20+max21>0.03

S[3i=max30+max31x0.05 ...(Equation 5}

[0057] Next, sorting processing on the maximum correlation value of each
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pulse basis. S[0]=max00+max0l x0.05 S [1 ]=max | O+max |1x O.05 35

S[2]=max20+max2Ix0.05 S[S]:ma>9§0+max31x0.05 ... (Equation 5)

[0057] Next, sorting processing on the maximum correlation value of each
pulse 113 SPUIdEINSEEHIAG Section Hopenik BEépfhilfed fhadbtail. [0058] FIG.4 is

(0058 # flowehart showinghe.steps el SREINBAEISINY 0f e MeiausFing of the
correlation values of individual pulses in sorting section 222. [0059] First,

m axi My SECRSHC I TRV H B e S A SO &S Oiae S
10059(=0 k.s?, 3)Bfigachepulse fram mepdinem gorrelalionhéaluexcalomatiogrelation
i sggti]on 221, and eseés, tg 0, cc%ilmterji in "'patingmuntll which rankls?rting |
vaiue i Sthmplet U?ST 010). 00807 NeXt- whetl tHe VAR B Coureritisequal ¥ ¢
calculrgreaterdhad 21 (“"YiS ries STE 2080))  sertingtsectiom 2 22 tiegides thiatwhich

sorting is finished 1 and moves the step to ST 2100. By
rank E’&Jrﬁ P@%tl,sw %%f%‘%%ﬁ%’%?ﬁ%%'er iis less than 4 ("NO" in ST 2030),
[0060$orth<ﬁ_g>§ecbidm222h@ss‘i’@rh3€0 ﬁ theypulse éuéﬁbéﬂ_ﬁ»um, fesers cogaisrj fyan 4
(“YE sgﬁ[%'r@fhé @y@begafd%pwtwmcfz% athemdmym costelation vajugi shed

] is'searched for, to 0, and resets the variable "max" that stores the
complpEplimumil Yalie o0 {ST2eR0) 1510064 Next ywrienttastvatle b Soun@he of
countki{Siess han ﬁg}N@"(lﬂI\%’QQ@OQ,T SOty ,S%%t}@fh§22em%§sztb§ stefds 0 to

ST 2070.\%36%] Next, when the maximum correlation value S[j] is greater |
the Pyhsh HENPEabIE ImEBEetsy BRUMT 29701 SeRiHPEsE TR 99D g oPs 11
whi.chthl?;lema}(im%&%[ﬁ{ﬂtmwwﬁﬁﬂ]xt@lme sarable imaxsassignsdheto 0, and
_ value of 20 counter j to the pulse number NIi] corresponding, to the i-
rese SRR NG Bl olEan SAe SR e BB AR TRt i 03 &
[006120501 By, contrasthwheritheahaximurercprirelbiintialu el SHINSEqUal 36 a2 060),
. less than_the yariable "max’ ('NO" in-ST 0), sorting section 222
SOTTING §dd he gf%“e‘p 67872 Os‘r%gx%in@ fr%zg)go, sorting section 222
[0062hcréheentsebantehpbyonen28rand retlishiothevsteE té 5T 2060 ef0e63han the
varialpi ARk Whapihe valye ot coupien] ISeaado ataigaienthan 4IRSt the
2060 in ST 2060), sorting section 222 decides that the loop
maxiformedawithl ST 2050 1 ST 2080 foh sewrehing Jor hesi-thangbamuric value of
count%qrr?lat%ont}\(@l"‘ﬁuﬁlél['HL%%ra@@[%smé"slﬁ;b@dtﬂ?gi‘tfbmﬁ?@mﬂfﬁh?’%aximum

correlation valueS[[NP]((ST 2090). By this means, the i-th maximum __
correlation value S[NJ1 ST 2080). and moves the step to ST 2050, By

contrast, when the maximum correlation value S{j] is equal to or less than
the variable “max” (“NO” in ST 2070), sorting section 222 moves the siep to
ST 2050. Next, in ST 2050, sorting section 222 increments counter j by one
and returns the step to ST 2060.

[0063] By contrast, when the value of counter j is equal to or greater than 4
in ST 2060 (“YES” in ST 2060), sorting section 222 decides that the loop
formed with ST 2030 to ST 2080 for searching for the i-th maximum
correlation value S[NYi}] ends, and assigns “-17 to the i-th maximum
correlation value S[N{i]] (ST 2090). By this means, the i-th maximum
correlation value S{N[i}]]! is excluded from the target of Joop processing for
searching for the (i+1)-th maximum correlation value S[N[i+1]]. Next,
sorting section 222 increments counter i by one in ST 2020 and returns the
step to ST 2030.

[6064] Thus, sorting section 222 sorts the maximum correlation values
S[0], S[1], SI21 and S{3] of individual pulses in descending order, and

acquires NJ[i] indicating the sorting result. In the following, an example
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correlation value S[N[i]] is excluded fzrlom the target of loop processing for

searching for the (i+l)-th maximum éorrelation value S[N[i+1]]. Next,

sorting section 222 increments counter i by one in ST 2020 and returns
case WhH BrEie BTEOB0Y Y 008 TRLES SORME L6 PP SO the2: Us 3. 15
That [P0dRWMEOkIelation.values. {0 BEY, $[2]jand SE3efHadivddyal pusas ghest

in descending order, and acqg:ire,s N[i] in icatir:ig the sorting result. In the

maXingeGine AR EXEEI §45 LA AP be dRpINES iRele S0ty seldtigider-
[0065222%squires Nii]2{20 0, 3otkinkhatiai assubie dbatthe pedsehawnber M0jearch

corresponding to the highest maximum cqrrelation value S[N[O]] is )
OF DU DA 5 dnd . rFBider [ODBE] Not Th 1731060 Beiry Codhsnoried
maxin2@@ determines de orderof, searoh 5tef pulsesdytgrovipind fourhpelse division

numbers, N[i], corresponding to the sort ' orrelatign valus 174
patterfﬁ%o t%/\lllodgpPe gt%%n%%e% éﬁﬁlsgettl %/i&i%&gg%em%%égg g%té%t%t the resuTt?r?g T

That tﬁd@ﬁ@@%éﬁc@ﬂ) seénﬁpgépmtiﬂh.s%&hs@%é@%@?ﬁké@%débé%ﬁe sorting
sectiofHUA SeAIgh N search §66lgn 224 w&'@@%‘gﬂaﬂ 822 determines e st and

numbers of two pulses to be searched for first and 10 the numbers of two
the npubesstebe SeahbE forhd. 1§ BorHRE J86tiBRD22, Ihreertdrfuitgeion 222,

three @%ﬁ%@%@cgrﬁ%ﬂ{ss%qr%&hows!'@eicP@F?VgE‘QV@ﬁN%ﬂP@]ﬁ)%@ﬂ@%dﬁlation 6 are
advance. {First subset} {Second subset} First candidate: {N[O], N[1]}

set ingREYRIRYST} 15 Second candidate: {N[0], N[2]} {N[3]. N[1]} Third candidate:
{N[O], N[3]} {N[1], N[2]} F{Eauaiiz6) [0066] In paftial seadchy there are

. many kinds of division ns for.the subset to be searched first (i.e. first

First ¢aRgaA2ARd for the sub@%ﬁci’tjé @Id searched next (i%?éi‘rﬁjs Ubset). Of
Secoitbesendivision patternss ag @howfin: equation 6, by atdgting[the division

. pattern where pulse N[ he highest maximum cqgrelation yalue is

Th”.dir‘fc:?lﬂ écézﬁ%ethe subset f%g\@éﬁs’ea d first (i.e. first?g%{ii t)mﬂﬁpossible.
to provide good encoding performance. [0067] In each candidate Ofdaragfon 6)

{006@9&@{1@ >quation, 6. g sgareh is 25 performediin the Quder ftomathrns for the

ubset to be searched first (first subset) to the subset to be searched
subsegetond ¢seword babséiy 00687 If Nfif in eustion 818 ekpredfsd pybset to be

searciRACiicatues acquired by, sorting.dallowdng equadion 7pis:aceuiress and wn in
a search is performed in the order from the first candidate, the second _ . _
equatigRdidaie ta4RE thivg Hadidwielon pattern where pulse NT[0] of the highest

maximum correlation value is included in the subset to be searched first
(i.e. first subset), it is possible to provide good encoding performance.
[0067] In each candidate order of search in equation 6, a search 1s
performed in the order from the subset to be searched first {first subset) to
the subset to be searched second {second subset}.

[0068] 1f N[i] in equation 6 is expressed by specific values acquired by
sorting, following eguation 7 is acquired, and a search is performed in the

order from the first candidate, the second candidate to the third candidate.

{First subset} {Second subset}
First candidate: {2, 0} {3, 1}
Second candidate: £2, 3% $1, 0}
Third candidate: 2, 1% 10, 33

...{Equation 7}~
[0069] The three orders of search shown in equation 7 can be grouped into
M[3]{4] shown in following equation §. Here., M{3][4] represents the order

of search of pulses in the case of performing a partial search for a set of four
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30 {First subset} {Second subset} First candidate: {2, 0} {3, I} Second

candidate: {2, 3} {1, 0} Third candidate: {2, 1} {0, 3} ...(Equation 7) 35

[0069] The three orders of search shown in equation 7 can be grouped
pulsesrifer 3 [894% shown in following equation 8. Here, M[3][4] represents the

ordef(0f sparch of pulses in the cage ob performing a partialsessch for a
set of f((?)ufﬁ.’ﬂ ﬁﬁ!s'es" thr:}e times. Mf3ﬁ4$§{...ggwdatior%ag) 0070] Th)at is,

L0070k ortiritdeticr? P22 HEGRIS M{3T4] 18 SeHrc Hiah DA The e 24 a5
the oraeareh.s2 4901 1] Next, a fixed codebook partial search in search section

224 will be explained in detail. [0072] FIG.5 and FIG.6 are flowch .
10071 §ro e LS G4 ARG fcBBbOU BN SBatth SRl b Will be

expiaid2dl Hews thid parameters of an algebraic codebook are shown below. 10

1) tI} umber fgg' . 16 bits unit of processing (s fran]el ngth): 325.
’) o ~ . AT
[007“é3) thzﬁuamﬁtenr@f'pg%é%s: ﬁlfbo%)]vw:t%ﬁjt Sesgﬁ})oaraIlgl tgr%? tﬁeefg)%o%llnga fxed
code balgkbpaict cddeboukiis esigrsd st§ticie[8]2'90, 418;1%2, 46, 20r2m dgys of an

o icilBI={L, 5, 9,13 17,21 ici2[8]=12, 6, 10, 14, 18, 22, 26, 30}
aigebly L[s‘jégids‘%?‘i'igfé 81%%]‘2&3%%2%2%}"1"1 [0074] First, in ST 3010, search
(1) section 2em prapareisequences icio[8], 20 icil[8], i¥2f8] and ici3[8]

2y indiggting eandidate;positionsrof the fowk pujses ofshe fixed codebook,

and prepares sequence yH[32] acquireﬁ by converting yH into positive
(3)  valies, seguRice HRIB3IE2] acquired by adjusting the polarities of HH,
[0073and vectar pelSd steringhike-polariye valvBiohntl) afdd hbetore yHldbook  is
desiE0280 n he subsequent seareh loop are. mitalized. [0075) Search secton

224 compares "j'iaif #ie-yalue "3’ in2ST 8030}, and, #E}" is equal to or

greater than 3, movesdhe sfeto ST 3250 for, 5 o,

ici2[8]={2, 6, 10, 14, 18, 22, 26, 30}
ici3[8]=¢{3. 7, 11, 15,19, 23, 27, 31}

[0074] TFirst, in 8T 3010, search section 224 prepares sequences ici0O{8],
icil[8], ici2[8] and ici3{8] indicating candidate positions of the four pulses
of the fixed codebook, and prepares sequence vH[32] acquired by
converting yH into positive values, sequence HH[321[32] acquired by
adjusting the polarities of HH, and vector pol[32] storing the poia.rity
values (-1, +1) of yH before yH is converted into the positive values.
Next, in 8T 3020, variables that are used in the subsequent search loop are
initialized.
[0075] Search section 224 compares “j” and the value “3” in ST 3030,
and, if “j” is equal to or greater than 3, moves the step to ST 3250 for
finishing a search, and, if “j” is less than 3, moves the step to initialization
ST 3050. In ST 3040, “j” is incremented by one. By this means, search
section 224 performs a partial search for a set of two subsets three times,
according to the three orders of search shown in searching order M[3][4]
received as input from sorting section 222.
[0076] ST 3050 to ST 3130 show search loop processing of the first
subset. To be more specific, in ST 3050, the search loop for the first

subset is initialized. Next, in ST 3060, search section 224 compares 10 and

the value “8.” and, if i0 is equal to or greater than 8, moves the step to ST
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finishing a search, and, if "j" is less than 3, moves the step to initialization

30 ST 3050. In ST 3040, "|" is increftfented by one. By this means, search

section 224 performs a partial search for a set of two subsets three times,
3140 gecordinglicahsthret Brders df seareh shewn i searéhing erdelmmafiamoves

the stf@tge%eds@éﬁn@qf frogw gorting section222. 0076} Sk 30500 SER3Qy0 and
sHow search loop processing of the first 35 subset. To be more specific

excitai GT 3050¢the BBareh o Rthel RS &iissetis indibiiidd. e, inlsT2) are

calcui3Q68, sepiphisaction 22d compares iQ Andethe yalues8," andidf IR IST 3080,
equal to or greater than 8, moves the step to ST. 16 3140

o for initialization
10 1S OISR o, df Nifil Ts e thah e fboss HRE §§ 0% é‘b“%lf loop
proce SO} 18:8h3QTAdhefearrelation value: 8yQ: and iexcitatidnipaweishi@bd by
. pulse indicated by.M[j][0]. (j=0, 1 Iculated.. Eurther, counter it is
Mm[ﬁ;itl }Iﬁ%d ?o zero. I%é%w}ﬁ]]%gl‘ 3‘5‘88?5?(@93 %&eg?nfiﬁt}eg bysgﬁtra(.ﬂé 7 i O 224
perfomearnis,gearehceaatiay 224 performss ldop  prigdessing dight ¢inpes for pighitions
. .. Cca 'd‘?t Ise,positions indicated by M[j][0] (J=0O, 1, 2). Similarly, in ST
imaic S ST o s f

’ earch 'section 224 performs loop processing eight
[007 7imeBifort eight tamaidatespulsirpositiors sndicaxedrisy M[j][Epge0.0n, 2116090,

and, if%lﬂeste [ aand the \gq'yaéf?"@{&C%mpeéegti@}?d%}@@ $J 309% A step
it "il" Is equal’to or greater than 8, the step moves to increment step ST
ST 3080y, if "ilis lesdahart B ths stbs m’t?\régl%a*é?ép‘isﬂmcﬁh?sﬂ@@ In ST

3100 3100 geawch gaction224 calppatemthe corlation valugsyhandnd excitation
excitation power shl of a pulse indicated by M[j][1] (j=0, 1, 2) using the

powepokdiatibrit IBW AR BT ARG the eXdithlibh Power s cAliatél in g eiation

value39y0 imadditionste; i sRdpkdkl seceived A inawut fram prepotessingddition to
. section 223._&0078] In ST 3;.20, search section 224 calculajgs and

vH anghidhrkscHe thiGas U thd FOREEBT & Qeedidiy 15 C40At0R 4, using the

[UO?@orrekatf_;m valnes a_aalrcdxcsjtﬁ't@nrpd\&érscmi‘dmdihxidmeﬂrpiblsemmaate&rehhevalues

of thE ATCHOH targets in fhe 20 fitst supset, pvenyites and, 3%%'[%”9%&9& and

nc}z R (10 0 eauﬁ R SR
|gHer unction values inio and i , and fUI’tHeI’ d%/erwrltes and saves't
excitatimerptow termodnich dendminaion sesm lof ther fulctiopt C(STF BIB03 7 e 1n the

first MR, %1% eqwg'?@s %E%‘iEjQ%%_'%gﬁlﬁmPP'Hioia?é‘l%'aﬁ%‘ét&%ﬂ‘(%ﬂ%@s in ii0
and the calculation and comparison are performed by cross-multiplying
and  thé deadrinfeothefmPERAPE R nafferatér rmstfn thE BEEIERdecisidh, and

denoif hacArelation values are dJower ardfithe cerrelatigp valygssareshigherdivision
and processing in ST 3130 is performed, the step moves to incre{nent .
reqmggéi@311-1@1&@_qﬁq.m%pénﬁ)gnf%{éﬁlatmns is avolded, and the calculation and

comparison are performed by cross-multiplying the demominator terms and
the numerator terms. In the above decision, if the correlation values are
lower or if the correlation values are higher and processing in ST 3130 1s
performed, the step moves to increment step ST 3110. In increment step
ST 3110, “11” is incremented by one.

[0079] ST 3140 to ST 3220 shows search loop processing of the second
subset. Here, the secarch loop processing of the second subset adopts
basically the same steps as in the search loop processing of the first subset
shown in ST 3050 to ST 3130. Here. only differences from the search loop
processing of the first subset will be described. First, in ST 3140, the
initialization of search loop processing of the second subset is performed
using the result of search loop processing of the first subset. Also, the
processing target of search loop processing of the second subset is the

pulses indicated by M[j1[2] (3=0, 1, 2) and M[j1{3] (j=0, 1, 2). Also, in ST
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3160, RS EAERIGOI ProteRiing bt fr<t SUBEEO SR S

ST 3110, "il" is incremented by onelj';O079] ST 3140 to ST 3220 shows
search loop processing of the second 30 subset. Here, the search loop
processing of the second subset adopts . basically the sa e steps a in
3080 8 1
caicui%lég@- m_f%bwwﬂﬁgreme@immhemanm lpiap tpeacessing of the dir§br and
subset will be described. First, in ST 3140, the injtialization of search |
storedpige %iﬁﬁaﬂfc% LRROHY stlssét 1§ pik Pried :%nf&glhgs 1tﬁleinir%r:;lﬁfl’[ 6Ph8?08190’
the cosearehilnop processing of the dinstisubset.vadsos hife oprooessing tagget lsfulated
. search loop processing .of the second. subset is ses.indiga :
using SO OV B A KA 01 1. LN i T T, g EORY in the
searclcorrelation Uatué syR aritbekcitation power sh2 of pulse 2 are calculated
[0080?‘5'”9&89%‘”%”’@‘%mhaﬁ'?ﬂ ligy ands it that are searched forand storedfihds the
he search loop for the first subset. Also, similarly, in ST 3190, the .
combigurtitation valecsy® stidcaciiatiompoivéh eh3drsurk B1ard Wafditdel g5 the
highe%‘?iﬂg GURIRE IRformafiangiQ, and iii that are searched for and stored in the
search loop for the first subset, [0080] Next, in ST 3230.and ST 3240, = ...
[008 1deaRif Section 2247 thar Combitatibr orpdre! fEsitohs ihwhichihg 113
positivalug of thextupgtion Gussthe highest iththe wiheleopagtiaheearehpdDrepresents
[(?_()81}9 Next, in ST 3250, search sggt'on 224 decides ii0,.iil, ii2 and ii3 as R
o DO 3O IOHHACRSH B bASEE Aot B VAN O BUUBILE pbl repledin@™ P>
to 0 @ polatity (iinandoséatthsectiong224iconvertsypolaritied 0 ipd, 2 @iid p3 one
bit to0 or 1 according to following equation 9, and encodes the results by
©one bit. 15 pO=(pol[ichiO[ii0]]+1)/2 p1 =(pol[ichil [iil J]+1)/2
p2:r(1potlj[ichi§ﬁ@ﬂﬂﬂi)/12icpi:Bﬁﬂ(ﬁ@ﬁiﬁHi%[j@]ﬁl)/Z ...(Equation 9) [0082] Here,
as the decodi e ition jRfarmation and 20 polarities, pulse
positions are%%:@%@ﬁggélgq?gﬁ ﬁi(f)?,?i’chil[iil], ichi2[ii2] gnd ichi3[ii%], and
a fixed codelipbk(Pedioe i dbddEd using the decoded positions and
polarities. [0083L As,$hewmin FH1G-51and FIG .6 seatehsegtion 224
performs a partial search for two subsets, so that it is_ possible io reduce

[008%he arhiiift 025 EicURRISHE BgnifitaiiR cothpdttdifdthe daLaigigiion and

poiar‘i"fgg’é? g@@gehp J o he more speebia-while inop arocessingiatd paiformedi2{ii2]
4 times | '
and ichiS[(li)ﬂ, ar?d!naafixed codebook vector 1s decoded using the decoded

2 are

positions and polarities.

[0083] As shown in FIG.3 and FIG.6, search seciion 224 performs a
partial search for two subsets, so that it is possible to reduce the amount of
calculations significantly, compared to the case of a whole search. To be
more specific, while loop processing are performed 4096 (8*) times in a
whole search, according to the method shown in FIG.5 and FI1G.6, loop
processing are performed 64 (8%) times for search in each two subsets.
Further, according to M[3]{4], a partial search for a set of two subsets is
performed three times. and, as a result, loop processing is performed 384
(64 x 2 {subsets) » 3) times in total. This is one tenth of the amount of
calculations in the case of a whole search.

[6084] Thus, according to the present embodiment, a fixed codebook
partial search is performed, s¢ that it is possible to reduce the amount of
calculations, compared to the case of performing a whole search.

[00851 Further, according to the present embodiment, in a partial search,

upon dividing pulses forming a fixed codebook into a subset {o be searched
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whole search, according to the methgd shown in FIG.5 and FIG.6. loop
processing are performed 64 (82) times for search in each two subsets.
Further, according to M[3][4], a partial search for a set of two subsets.is 30

first gstnied tfedQirhes SaRESBEh Rsstt, 186p DIGEESsy R péfidtfined g4 st 18
formeéﬁ?@ilﬁg(&u@sstﬂ)szs Jrtimestingotak Thisisane temthedt theramolunt,ofo that it
. calculations in the case of a whole search. [0084] Thus, according to t .
5 PO ELEFaRIBBHN Gt o D ADUCHOOR DA sbare & BorToRED: so! P2t 15
even ihatitdsdqaessibfe je rbodusenthesamawnt of e35ddalcalatidns, conpared tomn of a
L _the case of performing .a whole search, [0085] Further rding T
hl‘”hcrprg}s%}hi%ruﬁ o&i%é%[]f%ﬁoa? pgr%?él%egrcﬁ,gﬁ%on%iv%cﬁné%%%sg%ihrsﬁi%? aélt s
possilikedcodeipooksnto disghdés tomeoseliched 180 first Hidd BBglstr tadjeance in

a partg,gprsc%efqlpgxt, the_subset to be _searched firstis f_ormed us@ng the pulse
of the highest maximum correlation value, so that it is possible to

[008 63upprese. catihgwidtotticn cadsey by partarsathen. TRAMS, wikdn ihtharesent

embo &85 £f Reriarming & whele-searshi &-pulseiua RAgitiar ohabhigherdivisions
maximum correlation value is likely to be adopted, so that jt is possiple to

is twosy PR 6Bt dIStiseh B ARt HRPHE pORE IF ZoVAREE il & pEifiaCr the
numbsea ehi [0Q86LAIses @lthaugh & casaihas heen tdescriieghabove witle thearched
: present embodimﬁlpt V\égere the num\?éer of pulses is four an? tpe numer ;
for bysgrisihs 210 - b, the PrESeRBinvRRAtOAHOES HBt depdhcton’the V24 1es ©
indivitnabesofspylses o the nubiker of givisicns, thrd sbyndeteifainingstiée present
embogfgdeéﬁ){f pulses to be searched for based on a result of sorting the
SXifitm correlation values of individual pulses, it is possible to provide
[008 the saine, effect asithe present hembottimett s 5 [DOBALAISE, #fi éxdimpleresent

emboﬁff%%ﬂ?sQ%%@edeﬁlcg'sag{mﬁovceowigiam%Hr_eégmeereamm%wh%%m 221

maximum correlation value calculating section 221 calculates the _
calcuhaasimuing correlationIy afdes 15y aideing th&iSerhiy masihiign Wiué gpi-maximum

valuec%eééﬁf’&é{ﬂ'&ﬁ Lajredetermingd £atei 10 the maxipup: valieigum value of

correlation value on a per pulse basis. However, the present invention is

correbef iUt IFHiteE tthis PARANIS BgRAMYS posSiBIE t EaictlStd S HhaximUF oo 1s
not 16RIFElatieon vialues byadding thg dhirthighesticerreation valdes aba maximum

redetermined rate to the above valyes in individual pulses, ar it is equally

corre iSaie B IHE R mASh VAie WHSng RSSO RiUAS B mdR Gl *! °
preddidigasmslis o8 the axirsumccorblatiomvaludgsi 26{0G88kAlsop althaughyually
possi%?ee)t(gmu%lg %ﬁesenrgg}scitl)negr%dsg.lﬁigeagmaobrg)é/ecvgi}peﬂ%on Va}ue.s of individual
pulses as is for the maximum correlation values,

[00881 Also, although an example case has been described above with the
present embodiment where the candidate positions of each pulse are not
selected preliminarily, the present invention is not limited to this, and it 1s
equally possibie to perform sorting after the candidate positions of each
pulse are selected preliminarily. By this means, it is possible to improve
the efficiency of sorting.

[0089] Alsc, although an example case has been described above with the
present embodiment where an algebraic codebook is used as a fixed
codebook, the present invention is not limited to this. and it is equally
possible to use a multi-pulse codebook as a fixed codebook. That is, it 1s
possible to implement the present embodiment using position information

and polarity information of multiple pulses.

[0090] Also, although an example case has been described above with the
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present embodiment where the can%date positions of each pulse are not

selected preliminarily, the present invention is not limited to this, and it is

equallé possible to perform sarting after the candidate positions of each
preseidy e ?élé@l%ﬁfe&’ﬁ?éﬁrrﬁ%%r@%%)tl’erigciﬂgéﬂg, 58 HBEstIe e rode SPeech
encoddPdthegfficiencyiof spridrgnf0089]Alse although:aniexampla caspikasand an

been described above with the present embodiment where an algebraic,
essentlEUABEOKTETISEA B AROAP GBI TR S e s Sy (b2
storestoethisardit is equally pdssibletio: userm hutiqililseecadebiooki as aviixadrs is
cod ok. That is, it is 35 possible to implement the present embodi L
k0w e B O R R e B8 et PR Rr STt on i
perfo[6090]Als0, falthtiugld ar éxample testchasibded dssaribedcabiove withwhether

or noNg LI RIS (gw@@gggﬁnisw eredhe CELP gnceging scheme isused 8sq of

a speech” encoding scheme, the present invention is not limited to this,
analy aitkan s@SSEntal regurERensierradoptn ehEddimydsenbmie usimga
(009 1§odehqok fhat, stares excitation vectors, where the number of the

excitation vectors is 5 known. This is because partial search according to

the praBedi eahtion 4 pRFOPTRYE BhIy T8RN odeBoskddbycriPangame as

Embo@%ﬁﬁehﬂ@t de,peil%horﬁwﬁ@ige; f%:lﬂ?t BmadanilyersodebeeK is prgsent andrting
~whether or not the method of gnalyzing a spectrum envelope is.one of _

ProceEpEEFRT aHH Mter SARCT000T] (EModrhent 2) 10 Emilbdin et 3ore: the
sortirthe peesent indentiphsishasieally the isadieas tEmbogimientel] aticediffefsrence

fram, odiment | only.in the sorting. processing in sortin ction 222 .
numeféie I%%&).?ﬁ%]én 1151I'foé/v(\i/inbrfsth%a%o(rgtllfngs%letétrllc%n %ne tilsogre%%sﬁ?f andonly the
sortimemosirent is assigneddhs oefer@ice ausiaraln 422t hrg plapédiimstead

f sqrti ection-222 qnl i i ing. secti
o0 2 S P O R R e R sl o1

maxigeps Qﬁsmt_ian@ wog@é@m@éfethéhma;éimmc@@rréiat&)ﬁ%m@rbﬁé&é’cwccOrding
to thRUISE IR SOMng.SRAHORA42 aceprding tin-the presesy embodimentchergnciude

~ the'steps shown in FIG.7 include basically the same steps as in FIG.4, )
basicahd, EbasEOENtAE AR Samd ${eps villl 20 4R"EsGHRBH the! Baniame steps will

be adefgrancepumerals anddheirexplanadions wilhbe (peitted J0O931IMS Twill be
. 4040, sorting section 422 assigns "0" to the pulse number NI[i], resets
omitigdunter j that counts the number of loops for searching for the i-th

[009INaxirausicarelationvalbe SiNfilkte 02 2resetsdthe Variable tmeaxgulse number
N[i]. resets counter j that counts the number of loops for searching for the
i-th maximum correlation value S[N[il} to “0,” resets the variable “max”
storing the maximum value toc “0” and assigns “07 to the variable L{i] for
storing the i-th maximum correlation value S{N{i]].

[0094] In ST 4090, sorting section 422 assigns the i-th maximum
correlation value S[N[i]] to L[i] and assigns “-1” to S[N[i]}. By this
means, the i-th maximum correlation value S[N{i]] is stored in L{i} and also
excluded from the target of loop processing for searching for the (i+1)-th
maximum correlation value S[N[i1+1}].

[0095] By processing in ST 2010 to ST 4090, sorting section 422 sorts the
maximum correlation values S[0}, S[1], S{2] and S{3] of individual puises
in descending order, and acquires N[i] and L{i] indicating the sorting result.
[0096] In ST 4100. sorting section 422 determines the order of search of
pulses by grouping four puise numbers, N[i], corresponding to the sorted

maximum correlation values into two predetermined subset division patterns,
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25 storing the maximum value to "0"631nd assigns "0" to the variable L[i] for

storing the i-th maximum correlation'value S[N[iJ]. [0094] In ST 4090,

sorting section 422 assigns the i-th maximum correlation value S[N[i]]to .
and opfpuifd Hxsighsuling SPdR]. 8 #78r fhedAs SEHE Hih $R&KAUM 24 That is,
beforLaikelation yale,RINHH s stosaddn Ll ang:aipos3Q exelutied fromthe section

target of loop processing for searching for the (i+])-th maximum .
422 deiomnGh VA SNIFTY 6095 B i6cekSil i SFOULO {8 5P Adognd e

numb SH Y Sestion 422 soks thexmeximinm aexelatinn vatuasaS{6Lt5{l, 2], three
. and S[3] of individyal pylses in descending order, and acquires N[i] gnd

Cand]%‘iﬁein(%élﬁﬁfd“%eogor%%erresﬂ%? §§%f)%6]d nes?eild& s'rslogrt%]re’;’él%ee'ction?1 555 the

differdeterniinas therorder of seéarch 0 pulsEsuthyogioupirig four puise mumbleesthird
. N[1], correspanding to. the sarted, i elafion values intg, two .+

can R SUBot (Lo LA 30, n Bt e Rk eximur

correlandenof sbareh to search section 224. That is, before fixed codebook

(009 7Rartial sgarch in.seareh sectign 424, SQring section, 422 deletmings g didate

umbers of two pulses to be searched for first and the numbers of two _
orderpuyidesanrisd sehrdredfortnext dhdsofirg dethion 22 thrée 5dd4akf Ao wn 10

foliowatterns eharder phseqrchargsselin a@é@me-w{;iqe., thep differenee fiomwn in
sorting section 222 of Embodiment 1 is that, for t

. 0 , e third canpdidate, the

cquatipget f@@5%}%&8&@6@%&@@@1@&3%t%}m@méen&iimﬁ 8878 el imum

corre MaUgs[Q097] Tabe morecspeciie, firstcsaring sectiond22isetsctwvatidate and
candidate 10 orderifg}‘é%arch of the first cangidate and the second

the SCCHRfaSHSAONT irt inGPEJ It 10 Usg sdttihg Fastit N, That

is, as shown in equatidhike; soitisiy section 422 inglbdesithiesphiset of the
.. highest maximum corrglation .in the subset t d firstin

Farst ﬁw%ﬁ%’s “E&hdidate andﬁﬁ@éﬂ%?éandidate, thergbﬂﬁi%%ro ing encoding

Secompkdermanee.: 15 {First SUb8eN$2tbnd subset} Firsttahdidaid:{N[0], N[1
1} {N[2], N[31} Second candidate: {N[0]. N[2]} {N[3], N[1]} ...(qu@ﬁ@@lgg_)(m 10)
[0098] Next, sorting section 422 sets a third candidate order of search 20

[009 &jsingy saitingreidulg N AN [ 5% fofibws. Thatds ceadiitpsechspse ! search

usinngSH?ﬁ%’Vp@lﬂ?{ armetdgl4Li3] isieaynlte or greater thanorting section 422
(L[0]+L[1])x0.91, and, if L,[Zg-i 31 is equal to or greater than

decidgq0]+ 9 RE01, Adopte IN[2A 7T N[0T N[129 W& a third Gndigagater  than
(L[OJ+L[11=0.91, and. if L[2}+L{3] 1is equal to or greater than

(LI0]+L[1])x0.91, adopts {N{2]. N[3]} {N[O], N[1]} as a third candidate.
If L{2}+L[3] is less than (L{OHL[E})XO.QL sorting section 422 then decides
whether or not L[1]+L[3] is equal to or greater than (L[0j+L[2])=0.94. If
L{11+L[3] is equal to or greater than (L[0J+L[2])x0.94, sorting section 422
adopts {N[1]. N{3]} {N[2]. N[0]} as a third candidate. If L{1]+L[3} 1s
less than (LIO]+L[2])%0.94, sorting section 422 then decides whether or not
L[0]+L[3] is equal to or greater than L{I}+L[2]. If L[O]+L[3} is equal to
or greater than L[11+L[2]. sorting section 422 generates {N[0}, N[3]}
{N[1], Ni2]} as a third candidate, or, if LT0}+L[3] is less than L{1]+L[2].
adopts {Nf1], N{2]} {N[3], N{O}} as a third candidate.

[0099] Upon adopting a third candidate order of search, when differences
between maximum correlation values of pulses are little, sorting section
422 forms the subset to be searched first, which does not always include the
pulse of the highest maximum correlation value, to reduce the search

redundancy in subseguent search section 224. That is, sorting sectlon 4472
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If L[_21-1 L[] is less than (L[O]+L[I])>§?.91, sorting section 422 then
decides 25 whether or not L[I]+L[3]Ts equal to or greater than

(L[O]+L[2])x0.94. If L[1]+L[3] is equal to or greater than (L[O£+L,[2])x0.94,
forms sertingwedioh 420 aHBPSTNALNN[S) (NN as SoHirdeintiaxed s ©f
indivihH L3 ks Jessdbanci [OhHRD xR 941 sowjny sectiogé2d thepdepidbs:s into

whether or not L[0]+L[3] is equal to or greatey than L[I]+L[2]. If.|[0]+L[3}i
oo it G5 breertndf T+ o] CSORAG LBEuoN EoP PRI ec N aE e

combi.E![%]}oLl%][ﬁiugiﬁ%]}i?& athigdceandidasaror, if L[0]+L[3] is less than

+L[2], adopts {N[1], {N[3], N[0]} as,a third,candidate: 9

(0100 pdnPadod erhﬁé%&ﬁ@éfé@rﬁ?f ogf’s?ésér(%f%v flnﬁ]d%ﬁzsﬁ[ggé%’]gj’ 8.0
are fohetween maxiriurp cerelation YaiieE3df pulbessarbdittié[ $6rting[ddatidn 9! and

422 forms the subset to. be searc, fir i sn o
11 LSt Ao . Yte, sor
LU ;f;‘iﬁffestﬁg%%;sieoo?Eh%rﬁfbtﬁést'?}rﬂx{nﬁm (S:%”[\%Tg%%n value?i}?rﬁz%ﬁg 'tﬁg riine

sectiosedh addunddntylih SUbsHqutiHeardd sectivn 224 drRaris $diting
(010 ﬁeCtW'ﬂé‘fé‘ﬁx]\g[h forms & plirajity; of sorphinations af maximen; sorrelationd and

~valueso ividual pulses based on sorting result N[E, and groups four
third palsdulintes e SUTYEESAsEY B MBS 6886HSANAG the plurality of

formed combinatiqmmugt{m@ py a coefficien{ 5% {01Q0} s axample,
L when N[i]={2, 0, 3, 1} and L[{] ={9.5, 9.0, 8.5, 8.0} are f?tilnd as a sorting
First paadida+L[3] is less'thaf (L[0]+L[I])x0.91 and L?!LT-FL[S] is equal to or
Seco1%{[%:];15}{3{5;[2]@@&([%[](})]+L[2]1>QQ.9A}. Therefore, sorting sedtiot}422 adopts {N[1],
e oN| , | as a third candidate. [0101] When N[i]Js represented b
Thirdgraitidotiies, the firsih,bse]c%)nd and 10 thirL candi‘rtlja['t]ej arepexpressed )i/n
following equation 11. {First subset} {Second subset} First canditBgugpon 11)

}{ econd candidate: {2, 3} {1,-0} Thir idate: 2} +
10103 AT IRED TR0 e Foca calalda orocis o saorch Ehovtn 1 oo ©°
groupequation 4 THA be hgrouped fintboviB1 4 F sii@ia® ih ¥ellowing equation 12.

MI3H4154(2:9.3: 12,3, 1,0),19.5,3,2)) .. (Equation;12) [0 ing 2
sect]ll[‘c? rl—ﬂ 4&2% %u{p‘}&ts%l\?}’[g] [f4]£%1égla°2r(](,:ﬁ s{ggc?lo%%i as Ié@%%%%?d%&?eggréers

10100 sefirehi [0 Thos, decbrdifgPbithebiédént elbodifiéht, dporon 224 as

Candi@g@ir&@g@egffggwega fixed codebook into the subset to be searched
._ first and the subset
[0104]1 Thus, according to the present embodiment, upon dividing puises

forming a fixed codebook into the subset to be searched first and the subset
to be searched next in partial search, the subset to be searched first, which
does not always include the pulse of the highest maximum correlation
value, is formed based on not only the order of maximum correiation values
of individual pulses but also the values of maximum correlation values of
these pulses. By this means, it is possible to reduce the redundancy of
search in partial search.

[0105] Also, although an example case has been described above with the
present embodiment where coefficients such as 0.91 and (.94 are used to
adopt a third candidate order of search, the present invention is not limited
to this. and it is equally possible to use other coefficients determined
statistically in advance,

[0106] Also, although an example case has been described above with the
present embodiment where L[i] is further used in addition to NJi] to adopt a
third candidate order of search. the present invention ‘is not limited to this,

and it is egually possible to use both N[i} and L[i] even in the case of
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to be searched next in partial search, the subset to be searched first,

which does not always include the Pulse of the highest maximum

correlation 25 value, is formed based on not only the order of maximum
adoptiggrelafiontvared dipdnidanl plIsed Bl A8othecsands Grdadahamrder of
searcicorrelation values of these pulses. By this means, it is possible to reduce

the redundancy of search in partial search. [0105] Also, although an
L0107 bxafhgnbesd&KaS Been described above with the 30 present

embadimentwhers coefficientsisuchcas hl andihRsbanenusad to adbptiffers

a third candidate order of segrrch, thfz present inve, tiort1 IS nok'g Iirr%istegréo further
from ﬁ\@}’é’ﬁjdl?f?é}éqhaﬂ?%bﬂbf B LR Bt PES kg entE detefmined '
rearrasiatigticatlydndidygance. [0106§ Aseralthodghadexamflé zaseshasheepresent

escribed above with the .35 present embodiment where L[] i5 further £
embo e Illg a(éi1 i i%?]stofll{lﬁﬁo ag’%lg?%l%?r%tcgndi%gté or 1er %@ea?gh, 15tlge S_m m'g
proce ps@sens invention i§ Hot4imitéd tohthiso lanvitnis eqbally possiblegetiga in this

preseEPthwJLé%%Hl egsemwﬁe%%gf 22¢ 849p1ing3 first gandidate order pfaced

search or a secon candlﬁate order of search. [0107] (Embodiment 3) .
insteBmbbdinenng isbasically2the. sameé asEmBbdinfert 1t and'@iféfs 3HrotAI 110

sectidnmRodiments, ouly jndhat pulses arauned into subsets are further
rearranged according to a predetermined order. That is, the present .

[0108dmiotimerie differe ot EntBadinieht PEnt§ SR hart SPiESoRfify essing of the
maxiRiReessine:shawn iR FlGe4. rthe folewing, thelsering sestiom in thistion 522

present embodiment is assigned the reference numeral "522" and placed
accor§ifsidad bf sBﬁﬁ?&%%c?iH‘rgﬁgérf%'onl)gnﬁfeew [ﬁlﬁg %r%%%s%glﬁ Vs"%rtif']% FIG.8

includectani b2 {nok shoyvn} witkhe explain€d (0408 FIGH® issadlowohart the same

~__showing the steps of sorting processing of the maximum cqsrelatiop . :
steps, Kitfes st iy u%?op{lﬁgega%mr%olrte%rgggueoﬁ} ggﬁerggts:o? |%Cgcgt%gt%e%( Laprions
will lembadiment. Here, the steps shown in FIG.8 15 include basically the

[010¢ amelgtegﬁ;a% ﬂ)%lelﬁ" %‘}%.%?”%?ﬂ%‘(‘?{ﬂ ¥ tggﬁm,e §é%_@ﬁ)‘{¥i”§’?2 performs

ssigned the same reference numerals and their explanations will be _
basicehhittedh0309]4n BTOSEOB IIEFIG. 8t ifthligR sGiNg Saction 522 perfopmE 1G4

perfopﬂjséaalI?f}lh%oc'ﬁm‘r_:gp@@@ﬁ%jﬂg a51he, precassipg o SHRA8QIMEAG.4, 2Q0rting
_performed by sorting section 222 according to Embodiment 1. sorting .
sectiepclign 59 HffersFOM SONG Settioh 22248 hotbulstitiAg RISk resulting

M[3][4] as is and in outputting it to search section 224 after the following
processing in ST 5110 instead.

[0110] In ST 5110, sorting section 522 forms M’[6][2] by grouping
elements included in MJ[3][4]} into pairs of two pulses, and performs
adjustment of rearranging the order of two pulses included in M’[6]{2] to
one of {0, 1}, {1.2%, {2, 3}, {3, 0}, {0, 2} and {1, 3},

[0111] FIG.9 is a flowchart showing the steps in sorting section 522 in ST
5110 shown in FIG.§.

[0112] First, in ST 6010, sorting section 522 initializes the variable “i” to
g

[0113] Next, in ST 6020, sorting section 522 decides whether or not *i” 1s
eqgual to “6.7

[01147 1If it is decided in ST 6020 that “i” is equal to “67 (*YES” in 8T
6020). sorting section 522 finishes the process shown in FIG.9 (i.e.
processing in ST 5110).

[01151 By contrast, if it is decided in ST 6020 that “i” is not equal to “6”
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M[3][4] as is and in outputting it to search section 224 after the following
processing in ST 5110 instead. [0110] In ST 5110, sorting section 522
. forms Mé6]£2] by grouping 25 elements included in M[3][4] into pairs of
(“NO{vis Slise828nd peitors c4djedtriént Brreafrdhgingethd dradr 6f flo
(0116 Pulseminciuded; i [61{2)ton oneset{fo i, Y72} {3edtafd Okl iBEzansk not
1 3_}‘.‘59,111] FIG.9 is a flowghart showing the steps in sorting section 522
M 1154 ls7 5190 Abwalid FTG 18. 30 [0112] First, in ST 6010, sorting section
[01179225initializesithe yadabie 9'Tto6 1B 0 [@h23] Next,|in BT-602@nsorvgi1[2]=“1"
“ ection 522 decides whether or not "I'is equal,ta '6,; [0114].If it is -
"YEYedie ?n@?é@@%&“@' REEHA téz'%”s(ﬂq\t(%M uLllﬁg'll ?3%060£0),a§1§rt%g L12]
to “27sect®fi 522 finishesmhe prodess shown HIFEG.90(i.e. processing in ST
110). [0115] By contrast, if it is.decided in-ST, Q) 0 "I e :
Lo 8?6" %3 " E)%}ﬁm Tlgogoisséfr‘%%g%%cﬁfngs%sz6n§o§es‘t@§i éPe% ?c?‘F ST 60350%;0113
M*[i][01:16) Inag¥ 6030; Kértinglseetion B2 Wetides thetier or hate MTijf}="2n ST
o030 ENIPEEIRLET il dered 15T G080, M2 an
MTi][2]="1" 5 ("YES"in ST 6030), sorting section 522 sets |\/|'[IL[1] to "1"
[01193nd M][2} To ‘@9 § ST 604D and #56V8% thelsteplecsdea 150 pieg] By  not
M [i]&p{y@t, if{yisvfegided-n 5T 6030 that the two conditions M'i][l]="2" and
'|]£2]:,"I",are not met at the same_time ("NO" in ST 6030), sorting, ... .
[0120decddnitob nitidd tite Stepth $F 8850140 M1ig)i ST360§6’,dsJﬁin|§} [2]="2
(“YE§eCIi1@r(1§,51§26@6@§i,esSwheﬁigers@m@inlvﬁﬁ]:zl]s:é%' and[M[ii[R]=52:"1[0120]4P1t and
,..-is decided,in ST 6050 that Mi][]]="3" and M'[i][2]="2 (‘YES" in ST 6050),
M [‘]é%?tiﬁb séct}S‘n%zﬁz@%&&hfrﬂﬁl%‘%“ﬁ*‘ ?gazs‘%r%)dtjﬁ\/l%ﬁz% S §3 in ST 6060,
[01218nd Bovesnthe sted foiB T 61150i A& 02 H Byaduntrastaif ittis decidethinditions
, oo, 8090 that the & nditions_ M[il[1]="3" and M[i][2]="2" are natmet & "
M [l]ﬁ%e] same %ﬁ%lel}ﬁNg?[i%?ST 560363. Is[g)[r%ir%estegﬁotnmgzga]rﬁgvégﬁ%ﬁe thgﬁioaltn St
6050 S F6OT0g[8d2dim STHOVQY sorting Sectivn 522 @eéides whether or not

[012.@{3&152:8323 %E}%;%}@%O%ﬁfdhis qecidegdp; 3I604QMak: or not
M IiH1]=%4” and M [1}{2]=%3.7

[0123] If it is decided in ST 6070 that M [il[1}="4" and M [i][2]="3"
(“YES™ in ST 6070}, sorting section 522 sets M’[i]{1] to "3 and M [i][2}
to “4” in ST 6080, and moves the step to ST 6150.

[0124] By contrast, if it is decided in ST 6070 that the two conditions
M’[i[{11="4” and M’ [i][2]=“3" are not met at the same time {“NO7 in ST
6G70), sorting section 522 moves the step to ST 6090.

[0125] In ST 6090, sorting section 322 decides whether or not
M7I[1]=%1" and M [1][2]="4.7

{01261 If it is decided in ST 6090 that M’[i][1]="1" and M’{i}{2]="4"
(“YES” in ST 6090), sorting section 522 sets M’[ij{1] to “4” and M [i][2]
to “17 in ST 6100, and moves the step to ST 6150.

[0127] By contrast, if it is decided in ST 6090 that the two conditions
M [i]{1]="1" and M’[i][2]=%4" are not met at the same time (“NO” in ST
6090), sorting section 522 moves the step to ST 6110.

[0128] In ST 6110, sorting section 522 decides whether or not
M’[i]{1]=%3" and M7}i}[2]="1."

(01291 If it is decided in ST 6110 that M'[i][1]="3" and M [i]{2]="1"
(“YES” in ST 6110), sorting section 522 sets M’'[i]{1] to 17 and M[i][2]
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("YES in ST 6070), sorting section 3%2 sets MTi][1] to "3" and MTi][2] to
"4" in ST 6080, and moves the stepto ST 6150. [0124] By contrast, if it is
”wd_ecided in ST 6070 that the two conditions M’ i](g]]:"4" and MTi][2]="3" are
0 “37ngt mét &t it §§ﬁ1é"cﬁﬁ§¥"ﬁ’é"§ﬁeg1{(’2§%§7b%, sorting section 522

[0130];0\£g§ t!i‘@ﬁi%@#%i,o &Ti@OQQ-ﬁﬁ%Z@MP ST ©096,15artingaseckiont®22 conditions
, .. decides whether or not M'il[l]="1" and M'[i][2]="4." [0126] If.it is dgg¢jded in
M 11145 6000 it WG 2 MTif2Roh VLS s FeB8O) Birtng 0 1 ST

6110)sectiomp22:sets MID[]im W saricM{df2] 038 1o 6130 ST 6100, and moves
(0131 ﬁ\l;]v% Sctf dti (;[T; %\]}éﬁ[ﬂ[g#%ﬁ%g%ﬂcﬁféﬁ?éﬁf '%‘E Eiec(ﬁ%ecgl dr%ﬁSTV@ Qggatg]xat %116 not

” aré not met at the same time
M’ [1]{IN©E 4l SiTd 6d90)} [sbitifig Section 522 moves the step to ST 6110. [0128]

~ ~ BN 1.611 .S tin ction 2 id h le]# 5 MYJi = Gy
10152405y 2h T8I e fecided i o7 BH10 i ﬁEL% o
(“YEWi[2 516 | (Y ESs ani&TE611 0y sorfiRg sectiod520] sktswifpi] grd ™M 1] (2]

to <4-20d WIEAL24 19 5301p,ST 6120 :apd maves theystep to ST 6150. [0130]
By contrast, if it is decided in ST 6110 that the two conditions M'[ii[1]="3"

[01334nd e [if2Rmesarelotimiet dethi sdnid time NEP iRIST BF10) SoftiRyiitions
M’ [i1peftien-522 mayesithe step to 3T 630nt:[043 1A STHA3Ansortiy O™ in ST

section 522 decides whether or not M'[i] [ 1 1="4" and M' [i] [2]="2 " [0132]
6130 j9s4REIdEATHP BT 6138 ?nvawrhﬁf]@ﬂ--tan mifér}):--z" ("YES"in ST
[01346130), sorting Section-822 sefs tvfi[lf 1a "2 archMHif 2] ito ' inrSTHBH0noves
_ and maves the step to ST 6150. 10 [0133] By contrast, if it is decided in

the sigh %Cl%etk?aq%ﬂe two conditions M'[i][l]="4" and M'[i][2]="2" are not met at

{013 3the $ame:time(INQTIRGTi G130} sontind SdctionsSRY Molesthéstéd tol 3. 1

P
P ST,6150, [0134] In ST, 6150, sorting ipM 222 ncrements "I By one agd .
(s 3&‘10@6‘5 8[;fe ‘s]fe;:}l to g?Gégé ?g g?%oﬁﬁxd?ﬁ%le?if sb?ltiﬁ’g \é‘éi:t%nqézﬂz“ Lz
L. 0, forms M6tz 03,3151y, Y2s 3)rfie 0)o 2pajr {008}) weing NS 4Te¢iz ded 1n
M’[6ﬁmflzj’ &écé%dﬁaﬁlj“{%}%ﬁ%e 1, 9, 3knandfurher gdiusts thg grder ofpairs of 1, 34,

pulses included in M'L6 [2] according to the steps shown in FIG.9,
{2, 3miel2rElof 23, 4. 343 {23, o faynd: 27 15,0 Ys TBtiHA SrtfFHéP hsorting 0TS
M[3|BEREoNG22 forms. (2, 3. 0, 13, {1, 2. 3. 0}} again using M'[6][21={{0,

2%, {1, 3}, {2, 3}, {0, 13}, {1. 2}, {3, 0}} acquired by adjustment. and
outputs it to search section 224.

[0136] The effect of adjustment processing in sorting section 322 shown
in F1G.9 will be explained below.

[0137] A search of pulses forming a fixed codebook is performed by
searching for pulse positions and polarities by which function € in above
equation 4 is maximized. Therefore, upon search, a memory (RAM:
Random Access Memory) is needed for the matrix HH of the denominator
term in equation 4. For example, when the length of an excitation vector
is 32, a memory is necessary which supports a half of 32%32 matrix
inciuding the diagonal vector. That is, a memory of (32x32/2 + 16) bytes
= 528 bytes is needed. Here, a memory is necessary which supports a full
matrix (32%32 bytes = 1024 bytes) to reduce the amount of calculations
required to access a designated index upon calculation, and, consequently, a
farger memory is needed.

[01387 By contrast with this, like the present invention, by dividing in

advance pulses forming a fixed codebook into pairs of the subset to be
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20 M[3][4]1={{0, 2, 1, 3}, {2, 3, 0, 1}, {1, 2, 3, O}} again using M'[6][2]={{0,
2}, {1. 3}, {2. 3}, {0, I}, {1, 2}, {3, O}} acquired by adjustment, and outputs it
to search section 224. [0136] The effect of adjustment processing in

searchgshifigsettidn 527 8RsHNt InDEIG UGN Bb Rk Slafiedl BEISRABE foEs g npulses

on a FEAPRGS pulses frmingA fxed cedekaak is pefferaes iy beearahingtfoes per
. pulse positions and polarities by which function C in aboye equation4is .
pair) ATtz ThBIEHGre UpbHsdarch, OaRIGry (RAME R3O Hicegd Pacity
to §xMemary)ivreeded far thesmatsx, Hitl iof the@énominator: tesmin @qiation trix.
d 4. For example, when theiler)gth ofane citgtion vector 3{) iS 312 a o
and. BRGSOy WRER SUbBOTS a hall 1 33552 miatix Tluchigihe™ '
reverdidgonalsvectes dhat isj & mermesyiof (32X32/Rer 16cpyas an 528 bysesisattix
(Whicgeecpoea%ilggz ha Ml @%Wﬁi&%ﬁﬁg@%w%ﬁﬁugmﬁé aafyyematﬂé%(ﬁ%@zupon

ytes = ytes) tore unt of calculations required to

scarclaccess ehdesigrated intdexarpon chledlaidn vapl cdons€GuBREIP 2EE 35 Program
per p 1qr9er, MEMARY IS "(%@Qﬁ% [Q138].By coptrastwitty thiss like the RFeSeRt amount

invention, by dividing in advance pulses forming a fixed codebook intq
of calailg BRme subbBELS By 95 [cart et Titst BHIHEREBSERY Fesarciied order
of puléxt anddy searehing.forpulses e B RefPakdHagiso oy & 8x8idheix pairs.
square of the number, of entries per pair) matrix is required, so that it i
By thyio8ibieTo Lol TRE THAIRAY CAPHCH (0'SRBYBESSPBHHL, THANH Ghag Pulse
searcHig MAUGISBOLA SWOMEtrimbattiku bttt canseguently athe: mattixs.
aries if the order of pulse numbers is_reversed. As a result, itis .
1013 %Ry GSRMHERSrdPalBart I udree FADR (WALH dBUBleS tRAPIPE BUIses
formimgmaryftapdcity)defiange thetaccpssrmethiod upohs seatch (whicprouped are

I‘88.1‘1'é%%:]gblr?giég}?{%mo%?h%fn%%cg! qung}agryergpaggf P(g(f)?ﬁ:g §g{ %'{1 basis, 50

O which increases the memory capacity an mount 10 of
that caldslatons)bTheteforedimecprasentembodiment fsditanges thHe orden gt of

: caicu'ti’r.liﬂﬁr“'gﬁé{p\%i SRLGR ReLRalk nd linits [be whale,seardllg six pairs. By

IS means, It is possible to limit the memory capacity required for pulse
[014Gearét 10384 byteshag misovEn ahg Fé&@cé%ﬁe%ﬁﬁ%ﬁéé%léﬁ&ﬁfs‘? with the

. presehPl 3 JhwEnaceording dothe Presei R iIenic HPORGI QHRINGAMSES 0 six

15 forming a fixed codebook into pairs, the pulses to be grouped are
pa“e}:éérr%ﬂg%% i & predetermined drder andf searthed fof b a perpair BRI esent
inver@othakit is passible 4o reduge thedmemory eapadity apeisthi® kmountcoferse the

cal}gula ions,,wh{'cigiare_re %ired for a fixed,co e%ook seatr
order of pulses included in above pairs, which does no

C&iange the average
performance of pulse search.

[0141] Embodiments of the present invention have been described above.
(01421 Also, the fixed codebook according to the above embodiments may
be referred to as a “noise codebook,” “stochastic codebook™ or “random
codebook.”

[0143] Also, an adaptive codebook may be referred to as an “adaptive
excitation codebook.” and a fixed codebook may be referred to as a “fixed
excitation codebook.”

[01447 Also, LSP may be referred to as “LSF (Line Speciral Frequency),”
and LSF can be substituted for LSP. Also, although a case is possible
where ISP’s (Immittance Spectrum Pairs) are encoded as spectral
parameters instead of LSP’s, in this case, by substitfuting ISP’s for LSP’s, 1t
is possible to implement the above embodiments as an ISP encoding

apparatus.
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[0140] Also, although an example case has been described above with
the 20 present embodiment where pairs of pulses to be searched are
_limited to six patterns of {0, 1}, {1, 2}, {2 315,_%3, 0}, {0, 2} and_il, 3}, the
0145} resehtt iorf is STOlinfiet 16 858, A ATEDEGuay Possiblety rébersabove

embo it Qreerof pulses inslidedin ahove paise yhichidees notchang@ hemented
average performance of pulse search. 25 [0141] Embodiments of t

. e
with Rped ity ERfic RERR ST BESERISER oV B PIGTAST KiSo! e ﬁfiéw are.
[014 6godehnokacsording ie tha wbove embodiments may dareferreddodsmion of
. "noise codebook,"” "stochasti coddebook" or "rgr%dom (i?gek?OOk'll[ 1431H 4 as
cach RishP 2 A0ApIE Eottodk Ay bE Faferad to adak™adaptive™gocmented as
an L Séxcitatioi codebgoky! ant:afided codebook mdyche refeyréd tonsls i tficddchips
. .excitation codehook." [0144] Also, LSP b erred,t “LSE(Lin )
o pagé)%%:? aloﬁrgagggr?éyf‘p[%ﬁé%éF cgn glgljgglgti%ﬁé for LIS ?sAllslso,%%}%)tugg here

but thicasenis possibhe where ISP (Iammitince Spedrum Palks) areiescodied ™ or
“ultr:25, PG AP RAPBRISIBANSIRRLQf LR SN 1hiS,6488y Py Substituting

ISP's for LSP's, it"is possible to implement the above embodiments as an
[01475p Brettrig tasparathe 06 [oiasp KithdtigH aleasel hak Beerrdéserited-ST s

and iARA¥EWiIth.the 2have emhadiments as an exappie yharegheRiesaiftocessors
invention is implemented _with hardware, the present invention can be

. p .

is algmppametiti with '$6fward. TH1AB] EurRErmole ! 6aln furithigioloeic A (Fieid

Programplopad ikthe deseription af & eaalightheaforementioned ambodineristions
may typically. be implemented a LS| constituted by an, integrated .

4 ST R TRCAaA) B IRAUIGEA EpS Bt Rort i o1 SEAT) dorndol i1

1014 &inglewchip: 'L 81" ig eglopted bareu butdhisnmby:ai soolecrefenrtethto gsl A, "L 517 s
"system LSI." "super LS|." or "ultra LSI" depending on differing extents of ..

v o g B A e e e Ry Aot At o vative

other|ifwitdchtd ¢ SY's,iamsl mpletmblrﬁam_imusw&@hﬁcme@@rcuiny‘foﬁgegéi@m block

inte g PIVRGPERIGEESIALS 18 A5 p(pgﬁble. 'i_&?['imﬁ%‘fa%%?eéﬁ%%gg) ofs also

‘an FPGA (Field Programmable’Gate Array) or a reconfigurable proceéssor
possifhfere connections and settings of circuit cells in an LS| can be

[0149econfigured is alse Lossible, o048} hurhen Fintegrated Mikcuib07-196782,
technologé conies out to replace LSI's as a result of the advancement of

filed GuniBiddctorBERnolBgH 57 5 defitative® BIHAF Hh oty G iy filed
on O &ls0 pessilleta caiy qubiunctiorrhlegk Application No.2008-007418, filed

on January 16, 2008, including the specifications, drawings and abstracts,
are incorporated herein by reference in their entireties.

Industrial Applicability

i0150] The speech encoding apparatus and speech encoding method
according to the present invention allows speech encoding by a fixed
codebook with efficient use of bits, and are applicable to, for example.

mobile telephones in a mobile communication system.
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integration using this technology. Aaglication of biotechnology is also
possible. 20 [0149] The disclosures of Japanese Patent Application
No0.2007-196782, filed on July 27, 2007, Japanese Patent Application
N0.2007-260426, filed on mm‘éé#%%%o?, and Japanese Patent
1. Applicgion NerR008:0Q7438a fileds avdaptians £6, 2008, including the
specifications, drawings and abstracts, are incorporated herein b .
refércAdE HAHAR STEAds. 5 S GHHALApSIRABI R (1501 Th dPegaRdidate
pulse gneoding apparatusand gpeedy eatoging mathorhlaccoedinguts thve forming a
X present invention allpws speech encoding by a fixed .co fith.
fixed Biegny (e BPBE S ATe A to L X Dt la G ad s
of theimalmnobils commaxication sySiem 0271 hELAIMS! 2 1R Bpedste éncoding

apparatus comprising: & calcularingseqtion. that.caleylates celaligi red on a
valuesin paﬁdl ate pulse positions using a target signal and a plurality of
per pplisedformingra & fixed cedebooks aperchibglates ! bf 4 pErefukePpasRItatve

ValuegeQEet%e_rbtaggﬁf’zﬂlﬂ?s A he-Rulses1isiog M valueg ofdhfines a first

correlation values; & sorting section that sorts the representative values
SubsehéQUh@cfw ahﬁérfpﬁﬁeaﬂaé@ SPSUPS PRI OridEpBHding S the sorted
represeniatives Yaluss inta @ phanality of predstesminedisbbsatsandg the first

determines a first 10 subset to be searched first among the plurality of _
subseGuBgels it Searth Sehon 13t SOA A Rie fHed ADAepOB LI e (he

using the

plurafinst spbsatand ecquirssd-tede dndicaging pasitions and polarities of the
plurality of pulses for minimizing coding distortion. 15 2. The speech
encoding apparatus according to claim 1, wherein: the calculating section

2. calcliatespmaximum edinglatiomavalues ofctheipuises caldulaledwiBig the
max{murg:a .glllilﬁsf%%ghg’\e% EFO'?AaUC Wcﬁ'&?&?h%ﬁ%ﬂﬁ?scéﬁm%mn values of
representativé valu€s; and the sorting section sorts the maximum

the pubsralation viited. u20n3. Tive spedeRERCHAING Bparhtus BEEdRdy e alues of

the pGRIM 1, wherejn the. spring, secian.sets asubset including a pulse

- corresponding to a highest representative value among the

represenarive YAItes aBqiifsd bicapar BUKE B4R 148 He HirdtSibset.
25

3. The speech encoding apparatus according to claim 1. wherein the
sorting section sets a subset including a pulse corresponding to a highest
representative value among the representative values acquired on a per

puise basis, as the first subset.

4. The speech encoding apparatus according to claim 1, wherein:

the sorting section groups the pulses corresponding to the sorted
representative values into a plurality of combinations of a plurality of
predetermined subsets, and determines the first subsets in the plurality of
combinations, respectively; and

the search section searches the fixed codebook using the first
subsets and acquires the code to minimize the coding distortion.
5. The speech encoding apparatus according to claim 2, wherein the
calculating section calculates the maximum correlation vaiue of each puise
by adding a second highest correlation value multiplied by a predetermined

rate to a maximum value of the correlation value on a per pulse basis.
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4. The speech encoding apparatus ggcording to claim 1, wherein: the
sorting section groups the pulses corresponding to the sorted
representative values into a plurality of combinations of a plurality of
predetermined subsets, and determines the first subsets in the plurality of

6. 30 egmbinations.Jiespentivels pndihe sparehaectian sepiches thelfixesin the
. codebook using the first subsets and acquires the code to minimize the |
sortingodfifd MBI BITHe Epecdh¥ntbliy dppararil Addotting 1b¥iaim 321 ues

correWherein they BBcalcilating sention calculates the maximum correlation
value of each pulse by adding a second highest correlation value
multiplied by a predetermined rate to a maximum value of the correlation
7. valighensp petlputse bdsis; 2816 rEhesspeech éncodingcdpparatuswherein the
SO rtinacgs%rc ip(g:lto Cllgglna%é glvgerqll?lEh?t\fsog?ngO%S%qggtqg}legnalpet% éh(?efg%sentative
Subset usm&?he represer]f?[atlve values corresponding to the grouped
value pulsese SprThe speethcencodirkdappasatusaictotding o efdiriE, Whisteinbset
basedth%nsogmg&ﬁl%m Qeheralgs f pégral&%of compinations of lilﬂ%itiplied by a
representative values corresponding to the grouped pulses, and
predegarariinés tHé first subset based on a comparison result of the
combinations multiplied by a 10 predetermined value. 8. The speech
encoding apparatus according to claim 1, wherein the sorting section . "
8. rearrdfgeBIREbIBES 1 be GRIUTE Hitd B Pitifiny Ofcsibtets i@ eTein the
sortindesetermined:anders 45 9nd hespeechencoding mpethothcomprisipguthe ity of
steps of: caIcuAIatinq co relaf#o_n values in candidate pulse positions using
subseis ¢h f PSRRI AR ﬁepc{u?é § of pulses forming a fixed codebook, and
calculating, on a per pulse basis, representative values of the pulses using
0. 20 maxmum yalues Qhihe sRUmBloRaRNex Ry g (e epggsentative
values acauwe on aper fﬁu se basis, groupingpulses correspondingto
the setted zenresentatiVet values imtosai plareliy &f israpietesniinsdt subsefsing a
oeENAGRIAMINIPO.A Hiskadhsetso bg, rRATChEA A Among be RIWAURLAL, and
sy _lé’elts; ané] 25ase%1rcﬁ1ing the fixe%ucodebook_ usir%’g the first subset and .
calcujriamting & dote dicatiiig Posifors s polfitiesl et pItRaligores using
maxiRWRES AL Lpinimizing ceding distartione s ;
sorting the representative values acquired on a per pulse basis,
grouping pulses corresponding to the sorted representative values into a
plurality of predetermined subsets and determining a first subset to be
searched first among the plurality of subsets; and
searching the fixed codebook using the first subset and generating
a code indicating positions and polarities of the plurality of pulses for

minimizing coding distortion.



