2F11135-PCI DESCRIPT ION Title of Invention ENCODER APPARATUS AND ENCODING METHOD
5 Technicatl}gielii ]The present invention relates to a coding apparatus and coding methods.
10Backgro 4! ﬁgg) JA coding method is proposed which combines a CELP (Code Excited Linear
Prediction) coding method suitable for a speech signal with a transform coding method suitable for a
music signal in a layer structure, as a codinp mgthed whickyean 15 compress speech and music and
so forth at a low bit rate and with high sound quality (see for example, Non-Patent Literature 1).
Hereinafter, a speech signal and a music signal may be collectively referred to as an audio signal.
[0003]In the coding method, a coding apparatus first encodes 20an input signal by a CELP coding
method to derérate CELPention

ENCODER APPARATUS AND ENCODING METHOD

Technical Field
[0001] The present invention relates to a coding apparatus and

coding methods.

100 Background Art
[0002] A coding method is proposed which combines a CELP
(Code Excited Linear Prediction) coding method suitable for a
speech signal with a transform coding method suitable for a
music signal in a layer structure, as a coding method which can
15 compress speech and music and so forth at a low bit rate and
with high sound quality (see for example, Non-Patent Literature
1). Hereinafter, a speech signal and a music signal may be
collectively referred to as an audio signal.
[0003] 1In the coding method, a coding apparatus first encodes
20 an input signal by a CELP coding method to geilerate CELP
coded data. The coding apparatus then converts a residual
signal (hereinafter, referred to as a CELP residual signal)
between the input signal and a CELP decoded signal (a decoded
result of the CELP coded data) into the frequency domain to
25 acquire a residual spectrum and performs transform coding on

the residual spectrum, thereby providing a high sound quality.



coded data.The coding apparatus then converts a residual signal (hereinafter, referred to as a CELP
residual sig }gl) lft%v\ﬁeé 1 the input signal and a CELP decoded signal (a decoded result of the CELP
coded data? b ths Euency domain to 25acquire a residual spectrum and performs transform
coding on the residual spectrum, thereby providing a high sound quality. 2F11135-PCT A transform
coding method impropesad whichmgenaraiés pulsesat frequenrciestiaing a hightesidyal ispectrum
energy and encodes information of the pulses (see, Non-Patent Literature 1). 5[0004]While the CELP
coding methaod iSrsujtablecdor speéachisignakcobling theecading: inosigkeftthenrCEER €ogding meathod is
different from that of a music signal, and therefore sound quality degrades in coding the music signal
through the<@ElcRl eading fnethadi For this tdason,utheeGEL Peresidvalrsidiel it ohmponerttis darge
when the music signal is encoded by the above coding method, and thereby raising a problem that
sound quality}is less likely to be improved in encoding the CELP residual signal (residual spectrum) by
the transform coding. [0005]To solve this problem, a coding method (a CELP 15 component
suppressing Hrididd) is%?ﬁé@sé@ which sdppressesghadrhpiddé of B e béacy eonipoheabof the
CELP decoded signal (hereinafter, referred to as a CELP. compaonent) to calculate a residual spectrum
and perfornid %ﬁifocrﬁ]deabﬁng%wfe%iawa@&f%%?d@aﬁ sttt o providie g RsodHrgdality

20(see, for example, Patent Literature 1 and Non-Patent Literature
( Si?ﬁfeprent rom t%at 0? a musaic sLignal, and therefore sound

quality degrades in coding the music signal through the CELP
coding method. For this reason, the CELP residual signal
10 component is large when the music signal is encoded by the
above coding method, and thereby raising a problem that sound
quality is less likely to be improved in encoding the CELP
residual signal {residual spectrum) by the transform coding.
[0005] To solve this problem, a coding method (a CELP
15 component suppressing method) is proposed which suppresses
the amplitude of a frequency component of the CELP decoded
signal (hereinafter, referred to as a CELP component) to
calculate a residual spectrum and performs transform coding on
the calculated residual spectrum to provide high sound quality
20 (see, for example, Patent Literature I and Non-Patent Literature
1 (section 6.11.6.2)).
[00066] The CELP component suppressing method disclosed in
Non-Patent Literature 1 suppresses the amplitude of the CELP
component (hereinafter, referred to as CELP suppressing) in
25 only a middle band of 0.8 kHz to 5.5 kHz when a sampling

frequency for an input signal is 16 kHz. In Non-Patent



1 (section 6.11.6.2)). [0006] The CELP component suppressing method disclosed in Non-Patent
Literature 1 suppresses the amplitude of the CELP component (hereinafter, referred to as CELP
suppressin&)Fihlé%%ﬁgg middle band of 0.8 kHz to 5.5 kHz when a sampling frequency for an input
signal is 16 kHz.In Non-Patent 2F1 35-PCT Literature 1, the coding apparatus does not directly

perform transfoemaaadiag on the CELFPIesidualsignal ard teslugesthe residual isignat ef a:GELP
component by another transform coding method beforehand (see, for example, Non-Patent 5
Literature 1t(Sectidn Gl 1c6.d)u Fonthis heasoi, lthe codindwapparagusadoes ndt pedfarm CELR
suppressing on a frequency component coded by the other transform coding method even in the
middle bandcAiCElP sappressing Coeffididntifdicatingpthedegredof another transform
CELPsuppressing(level)isconstantin 10frequencies in the middle band other than frequencies in which
the CELP sappresginglisaidtperformnéd: The CELP(sgppresting coefficiants are StoredPinta sode book
(hereinafter, referred to as a CELP suppressing coefficient code book) according to the level of the
CELP Suppfes<irig.t viie CELEuidireasifigl 15 &oklicientcvtietBdsk storés a.codtficiertding)
meaning that no CELP component is suppressed. [0007]The coding apparatus performs CELP
suppressing BY Afiitiplying e CELP esrhpohEht (alCEL PabeBded Sighalsy @ frequency

component coded by the other transform coding method even in
the middle band., A CELP suppressing coeffici.ent indicating
the degree of CELP suppressing (level) 1is constant in
10 frequencies in the middle band other than frequencies in which
the CELP suppressing is not performed. The CELP suppressing
coefficients are stored in a code book (hereinafter, referred to
as a CELP suppressing coefficient code book) according to the
tevel of the CELP suppressing. The CELP suppressing
15 coefficient code book stores a coefficient (=1.0) meaning that
no CELP component is suppressed.
[0007] The coding apparatus performs CELP suppressing by
multiplying the CELP component (a CELP decoded signal) by
the CELP suppressing coefficient stored in the CELP
20 suppressing coefficient code book before the transform coding,
acquires the residual spectrum between the input signal and the
CELP decoded signal (a CELP decoded signal after the CELP
suppressing), and performs transform coding on the residual
spectrum. This transform coding is performed for all CELP
25 suppressing coefficients. The coding apparatus then calculates

a residual signal between the input signal and a signal obtained



theCELPsuppressingcoefficientstoredintheCELP 20 suppressing coefficient code book before the
transform coding, acquires the residual spectrum between the input signal and the CELP decoded
signal (a CEBEPLd&Zddel signal after the CELP suppressing), and performs transform coding on the
residual spectrum. This transform coding is performed for all CELP 25suppressing coefficients.The

coding appgratys;thgn.calcyaies argsidyal signal hatween therinpii.gignal and 4 signalobiained 2F1
35-PCT by adding a decoded signal of thé transform-coded data and the CELP decoded signal in

which the GEEP pompegent ésisuppressgd, deteriinesia CELE suppressing gegfiigientisuch dhat an
energy of the residual signal (hereinafter, referred to as 5 a coding distortion) is minimum, and

encodes thgsganched-QELR suppressing caeflicient(a GEbPreupdressing egefficientsuch ¢hat the
coding distortion is minimum). By this means, the coding apparatus can perform transform coding
which minimizes the eeding distdrtidrein all hand$. Hereinbftércadihsdiies ofpraoassésta which
transform coding is performed for each CELP suppressing coefficient and a CELP suppressing
coefficient is detedmined suchdhat @rcodirsg distortion: (an eaerd)y ofithe desidudl signal is midimum is
referred to as a "main selection.” 15[0008]Meanwhile, a decoding apparatus suppresses the CELP
component©Fithé CELPrdacodietesignat Usingahé CELI subpressing toefficientaragsmittedhfrom the
coding apparatus and adds a decoded signal subjected to transform coding to the CELP decoded
signal in whigtt thet CEL P BsmpesEnitds 20<uppressed ST alldwsithe dedbiind:apparatas te acquire
a decoded signal having less deterioration of sound quality due to CELP coding when performing

coding whidfi BonfiiiEd the ERPP g diiithetFAHSIS M cbifritPiiod Myef eftidtbre. wBtshtion List

Patent Literature 2F11135-PCT . . . . ‘ _
minimizes the coding distortion in all bands. Hereinafter, a

10 series of processes in which transform coding is performed for
each CELP suppressing coefficient and a CELP suppressing
coefficient is determined such that a coding distortion (an
energy of the residual signal) is minimum is referred to as a
"main selection.”

15 {0008] Meanwhile, a decoding apparatus suppresses the CELP
component of the CELP decoded signal using the CELP
suppressing coefficient transmitted from the coding apparatus
and adds a decoded signal subjected to transform coding to the
CELP decoded signal in which the CELP component is

20 suppressed. This allows the decoding apparatus to acquire a
decoded signal having less deterioration of sound quality due to
CELP coding when performing coding which combines the CELP

coding and the transform coding in a layer structure.

25 Citation List

Patent Literature



[0009] PTL 1 U.S.PatentApplicationPublicationN0.2009/0112607 Specification 5Non-Patent Literature
[0010] NPL 1 Recommendation ITU-T G.718, June, 2008 10Summary of Invention Technical Problem
[0011]How@%il,l\?\ﬁ‘rgﬁ:@valuation of a coding distortion (hereunder, may be referred to as "distortion
evaluation") is performed by performing transform coding for each CELP
155uppresqiogqpy]‘ficientstoredinaCELPsuppressing coefficient code book by the above CELP
component suppressing method, since it is necessary to perform transform coding for all CELP
suppressing tgefficient candidates, that is, for all the CELP suppressing coefficients that are stored in
the 20 CELP suppressing coefficient code book, there is the problem that the workload in the coding
apparatus hecomesextremely large. 0042t s anFabjddteaf therpresaint invedianotooprovide a

coding apparatus and a coding method that can reduce a
25workloadatecodingapparatuswhilesuppressinga deteriorationinthequalityofencodingbyselecting
2F11135-PCT
5 Non-Patent Literature
[0010]
NPL 1

Recommendation ITU-T G.718, June, 2008

10 Summary of Invention
Technical Problem
[0011] However, when evaluation of a coding distortion
(hereunder, may be referred to as "distortion evaluation") is
performed by performing transform coding for each CELP
15 suppressing coefficient stored in a CELP suppressing
coefficient code Ec;ook by the above CELP component
suppressing method, since it is necessary to perform transform
coding for all CELP suppressing coefficient candidates, that 1is,
for all the CELP suppressing coefficients that are stored in the
20 CELP suppressing coefficient code book, there is the problem
that the workload in the coding apparatus becomes extremely
large.
[0012] It is an object of the present invention to provide a
coding apparatus and a coding method that can reduce a
25 workload at a coding apparatus while suppressing a

deterioration in the quality of encoding by selecting



(hereunder, referred to as "preliminary selection”) a part of input signals (hereunder, referred to as
"target signals'ifl for a transform coding process that are generated for each CELP suppressing
coefficient, & t gféﬂ)ﬁ%it targets on which 5transform coding is performed in a main selection.
Solution to Problem [0013]A coding apparatus according toone aspect of the present invention

includes: a figst cogin@esectiansthat outpuss a 4.0 spestium; ofa first deceded signal that is generated by
decoding a first code obtained by a first encoding of an input signal; a suppressing section that

suppresses; ap amplitude pf the spectiue of thefirst dacaded:signgd tiging 8 isuppIessingcoefficient
that is specified from among a plurality of IS suppressing coefficients, to generate a suppressed
spectrum; & residfakspecirudi eglculatingesactioh dhatagalcujades: agesidludispeetivh usimg 8’spectrum
of the input signal and the suppressed spectrum; a preliminary selecting section that preliminarily
selects a predptermined gumer Ofisuppressing 20 kceefficientsiusirig thergpectrumof theninplut signal
and the residual spectrum, and specifies the preliminarily selected suppressing coefficients to the
suppressingrsectionr and a $esgnd cating settion thatpenformsse see¢dndncoding using a residual
spectrum that is calculated by inputting into the 25residual spectrum calculating section a suppressed
spectrum that is generated using the specified suppressing coefficient in 2F11135-PCT
thesuppressingsection,anddeterminesonesuppressing coefficient among the specified suppressing
coefficientsﬁ.l%?ﬁ’gt Hodpd@rlirh Ot BedBcond decoded signal that is generated by decoding a second

code obtained by the second encoding, the . .
[00F3] A coding &pparatus according to one aspect of the

present invention includes: a first coding section that outputs a
10  spectrum of a first decoded signal that is generated by decoding
a first code obtained by a first encoding of an input signal; a
suppressing section that suppresses an amplitude of the
spectrum of the first decoded signal wusing a suppressing
coefficient that 1is specified from among a plurality of
15 suppressing coefficients, to generate a suppressed spectrum; a
residual spectrum calculating section that calculates a residual
spectrum using a spectrum of the input signal and the
suppressed spectrum; a preliminary selecting section that
preliminarily selects a predetermined number of suppressing
20 coefficients using the spectrum of the input signal and the
residual spectrum, and specifies the preliminarily selected
suppressing coefficients to the suppressing section; and a
second coding section that performs a second encoding using a
residual spectrum that is calculated by inputting into the
25 residual spectrum calculating section a suppressed spectrum

that is generated using the specified suppressing coefficient in



5suppressed spectrum and the spectrum of the input signal. [0014] A coding method according to one
aspect of the present invention includes: a first coding step of outputting a spectrum of a first decoded
signal that i&fdéh&?aRed by decoding a first code obtained by a first encoding of an input signal; a 10
suppressing step of suppressing an amplitude of the spectrum of the first decoded signal using a

suppressingcoefficignt mastéfﬁggeci&i@@ frem ameng a plwalipgof stppressing coefficiants; tp,generate
a suppressed spectrum; a residual spectrum calculating step of calculating a residual spectrum using

a spectrum.af #ye iloispyt gignal andhtbessiippressad SpeptruRs ppredadTany: selectionsstep of
preliminarily selecting a predetermined number of suppressing coefficients that are used in the

suppressing steft usifig the spectrumoat the drus signal sindrthe residwal spegteue,rand setting the
preliminarily selected 20 suppressing coefficients as the specified suppressing coefficients; and a
second codirgcstdprof perfering & secdrd ededing dising attesiduat spettramcthdt isgealctlated in
the residual spectrum calculating step using a suppressed spectrum that is generated using the
specified suppressing cdeffivtaritrin i25theduphbresgingstepanddetdreniningonesyppréssing coefficient
among the specified suppressing coefficients using a 2F11135-PCT spectrum of a second decoded
signal that is0dehédated By derdiing ameddridcode ebthatbytthe secondiémicating? thelduppressed
spectrum and the spectrum of the input signal. 5Advantageous Effects of Invention [0015]According to
the presentAfgSsibh, iR wecbdig mMéthby g/\ﬂﬁéh Eohibifesceotifid: sait&ile 90 & 8RS dignat with

coding suitable for a music signal in a layer structure, in comparison to a method that successively
performs tréﬁﬁ@ﬁﬁ%dﬁ’lg \ﬂ/i%]‘”t decoded signal that 1s generated by decoding

a first code obtained by a first encoding of an input signal; a
10 suppressing step of suppressing an amplitude of the spectrum of
the first decoded signal using a suppressing coeflficient that is
specified from among a plurality of suppressing coefficients, to
generate a suppressed spectrum; a residual spectrum calculating
step of calculating a residual spectrum using a spectrum of the
15 input signal and the suppressed spectrum; a preliminary
selection step of preliminarily selecting a predetermined
number of suppressing coefficients that are wused 1in the
suppressing step using the spectrum of the input signal and the
residual spectrum, and setting the preliminarily selected
20 suppressing coefficients as the specified suppressing
coefficients; and a second coding step of performing a second
encoding using a residual spectrum that is calculated in the
residual spectrum calculating step using a suppressed spectrum
that is generated using the specified suppressing coefficient in
25 the suppressing step, and determining one suppressing

coefficient among the specified suppressing coefficients using a



10 respect to all CELP suppressing coefficient candidates, a workload at a coding apparatus can be
reduced while suppressing a deterioration in the quality of encoding. Brief Description of Drawings
15[0016] 2F1fI&46 R block diagram showing a configuration of a coding apparatus according to
Embodiment 1 of the present invention; FIG. 2 is a block diagram showing a configuration of a

20decoding; apparaiys agqordingstofmbodimeny dof theiRreagntiRUaNtion; and e ra flE- ¢ {s a block

diagram showing a configuration of a coding apparatus according to Embodiment 2 of the present

invention. ZpL2eseription of Empediments 263 PETHOO0L Rl eseinatier, embediments af the

present invention will be explained in detail with reference to the accompanying drawings.A coding
apparatus antha desodingsapparaius acearding tohe presens invartion wilk beidescribed using an

5audio coding apparatus and an audio decoding apparatus as examples.As described above, a
speech signal and a music
5 Advantageous Effects of Invention
[0015] According to the present invention, in a coding method
which combines coding suitable for a speech signal with coding
suitable for a music signal in a layer structure, in comparison
to‘ a method that successively performs transform coding with
10 respect to all CELP suppressing coefficient candidates, a

workload at a coding apparatus can be reduced while

suppressing a deterioration in the quality of encoding.

Brief Description of Drawings

15 [0016]

FIG. 1 is a block diagram showing a configuration of a
coding apparatus according to Embodiment 1 of the present
invention;

FIG. 2 is a block diagram showing a configuration of a

20 decoding apparatus according to Embodiment 1 of the present
invention:; and

FIG. 3 is a block diagram showing a configuration of a
coding apparatus according to Embodiment 2 of the present
invention.

25

Description of Embodiments



signal are collectively referred to as an audio signal.ln other words, the audio signal represents any
of the only substantive speech signal, the only substantive music signal, the mixture of tothe speech
signal and tHel fdsid’si§nal. [0018]A coding apparatus and a decoding apparatus according to the
present invention include at least two coding layers. Hereinafter, CELP coding is employed for coding

suitable forgmspeesh sigraland ransform sedingnis eraployedhior epding,s sHitalle fgma music signal
as a represeéntative, and the coding apparatus and the decoding apparatus each employ a coding

method whigh cembines CELP; goding and transform codinaipa layer siructure: ¢ 3{QQALY(Embodiment
1) FIG. 1 is a block diagram showing a main configuration of coding apparatus 100 according to

Embodimert:k of the presenhinvestion.LCodipg appaiatusalld eacodescaninput sighahsuch as a
speech signal and a music signal through a 25coding method which combines CELP coding with
transform ceding:id mlayeobstrhetuterand outiuts caded dataiAs showhcAllitdsdPCTiingF1@nl,
coding apparatus 100 includes modified discrete cosine transform (MDCT) section 101, CELP coding
sectiors 102 MDGT sectiongl 08 pGEL Ptecomponéntasuppressing section k04, GEIpR residsialasignal
spectrum calculating section 105, 5 pulse position estimating section 106, estimated pulse attenuating
section 107 estintated distdrtiorl evaluabing sedtion 4082 mairt selbctiorzcarldidard limitimg: séetion 109,
transform coding section 110, adding section 111, distortion evaluating section 112, and multiplexing
section 1133 Edthlséstiors ¢Opesfortits! the' followiRdg oieratioAd [0BLOTN Tkl appafatas 100 shown

in FIG. 1, MDCT ) ) .
words, the audio signal represents any of the only substantive

speech signal, the only substantive music signal, the mixture of
10 the speech signal and the music signal.
[0018] A coding apparatus and a decoding apparatus according
to the present invention include at least two coding layers.
Hereinafter, CELP coding is employed for coding suitable for a
speech signal and transform coding is employed for coding
15 suitable for a music signal as a representative, and the coding
apparatus and the decoding apparatus each employ a coding
method which combines CELP coding and transform coding in a

layer structure.

20 {0019} (Embodiment 1)

FIG. 1 is a block diagram showing a main configuration
of coding apparatus 100 according to Embodiment 1 of the
present invention. Coding apparatus 100 encodes an input
signal such as a speech signal and a music signal through a

25 c¢oding method which combines CELP coding with transform

coding in a layer structure and outputs coded data. As shown



section 101 performs a MDCT process on an input signal to generate an input signal spectrum.MDCT
section 101 then outputs the generated input signal spectrum to CELP residual 15signal spectrum
calculating dettiei? 485! distortion evaluating section 112, and estimated distortion evaluating section
108. [0021]CELP coding section 102 encodes the input signal by a CELP coding method to generate

CELP coded,dafig.GELP coding;seetion, 102 degades (localfleoges) theaenerated GELPe4Q coded
data to generate a CELP decoded signal. CELP coding section 102 then outputs the CELP coded data

to multiplexing; sgetiop 313 apd QutpMstieGELR dexoded gignal torMRCTe sertiop 193¢ til9Q22]
MDCT section 103 performs a MDCT process on the 25CELP decoded signal inputted from CELP

coding sectjgm102ipgeneraie g CELP @ecodgdisignabspectiuem MPGTpseasiom 03 2Flibi35-PCT
then outputs the generated CELP decoded signal spectrum to CETI' component suppressing section
104. [0023]Thys, farrekamples GRLE cadigg sectigret02wmd MBPICT: section 163 operate B8 & first
coding section that outputs
5 pulse position estimating section 106, estimated pulse
attenuating section 107, estimated distortion evaluating section
108, main selection candidate limiting section 109, transform
coding section 110, adding section 111, distortion evaluating
section 112, and multiplexing section 113. Each section
10 performs the following operations.
[06020] In coding apparatus 100 shown in FIG. 1, MDCT
section 101 performs a MDCT process on an input signal to
generate an input signal spectrum. MDCT section 101 then
outputs the generated input signal spectrum to CELP residual
15 signal spectrum calculating section 105, distortion evaluating
section 112, and estimated distortion evaluating section 108,
[0021] CELP coding section 102 encodes the input signal by a
CELP coding method to generate CELP coded data. CELP
coding section 102 decodes (local-decodes) the generated CELP
20 coded data to generate a CELP decoded signal. CELP coding
section 102 then outputs the CELP coded data to multiplexing
section 113 and outputs the CELP decoded signal to MDCT
section 103.
[0022] MDCT section 103 performs a MDCT process on the

25 CELP decoded signal inputted from CELP coding section 102 to

generate a CELP decoded signal spectrum. MDCT section 103

10



5a spectrum of a first decoded signal generated by decoding a first code acquired by a first encoding
on an input signal. [0024]CELP component suppressing section 104 includes a CELP suppressing
coefficient ddéBeokiwhich stores CELP suppressing coefficients indicating the degree (level) of
CELP 10 suppressing. The CELP suppressing coefficient code book, for example, stores four types of

CELP supprgssing,easfligients,frony 3 D.repregenting no-sUppLassion $00,5 [errpaeniing thagthe

amplitude of a CELP component is reduced to half. In other words, the value of the CELP suppressing

coefficient is 15 pmall,a mgeq?gr@@él@y@&)sqﬁltges(glglt_Posrygmassing is higher. In this case, itis
assumed that, in the CELP suppressing coefficient code book, CELP suppressing coefficients are

stored in agagnding or deseendingherderefiheidegresr(tevel) of CELP suppressingi i s alspgassumed
that each CELP suppressing 20 coefficient is assigned an index (a CELP suppressing coefficient
index) in aseending et descending osder itk respectie shecdapree (level) oflCBLEP Suppiessng.
[0025]CELP component suppressing section 104 first selects the CELP suppressing coefficient from
the CELP suppressing 2bcodffigiefitrcadel baaklindcsopdamtegrithea QP sypptessing ceefficient
index inputted from estimated distortion evaluating 2F11135-PCT section 108, main selection
candidate lifnitirig sedtiors ¢Q% ioredistartionévadtatingsetiingl 22 GELPsomponignaal.

suppressingsection104thenmultiplieseachfrequency
[0024] CELP component suppressing section 104 includes a

CELP suppressing coefficient code book which stores CELP
suppressing coefficients indicating the degree (level) of CELP
10 suppressing. The CELP suppressing coefficient code book, for
example, stores four types of CELP suppressing coefficients
from 1.0 representing no-suppression to 0.5 representing that
the amplitude of a CELP component is reduced to half. In
other words, the value of the CELP suppressing coefficient is
15 small as the degree (level) of the CELP suppressing is higher,
In this case, it is assumed that, in the CELP suppressing
coefficient code book, CELP suppressing coefficients are stored
in ascending or descending order of the degree (level) of CELP
suppressing. [t is also assumed that each CELP suppressing
20 coefficient is assigned an index (a CELP suppressing
coefficient index) 1in ascending or descending order with
respect to the degree (level) of CELP suppressing.
[0025] CELP component suppressing section 104 first selects
the CELP suppressing coefficient from the CELP suppressing
25 coefficient code book in accordance with a CELP suppressing

coefficient index inputted from estimated distortion evaluating

11



component of the CELP decoded signal spectrum inputted from 5SMDCT section103by the
selectedCELP suppressing coefficient,tocalculateaCELPcomponentsuppressed spectrum.CELP
componentZugpresBing section 104 then outputs the CELP component suppressed spectrum to CELP
residual signal spectrum calculating section 105 and adding IDsection 111. [0026]CE LP residual

signal spectrup) caleulaging seeian 103 calquiates A,GELR resiqual signal spectiym. -6 a difference

between the input signal spectrum inputted from MDCT section 101 and the CELP component

SUPDT?SSGdﬁ@%Btf W, WP_Ut@Qa]i%fJ@m EELR 89_@?%917”!'[13}199@59”9@9@@” 104, ?{H)qulmge
specific, CELP residual signal spectrum calculating section 105 acquires the CELP residual signal

spectrum by sybtracting the GEkPieampoanent suppresseg specy i frone theninpyt signalspectrum.
CELP residual signal spectrum calculating section 20 105 then outputs the CELP residual signal

spectrum ta: Fanpliene coding seetianELLY, puse desitien gatimating sectien 106, estindated;pulse
attenuating section 107. [0027]Pulse position estimating section 106 estimates pulse positions (for
exampie, fregiDendies bavinppa largeldmplitude ofli2bthes€EL £t residuélBigial spegtpum) thatg@are
encoded by transform coding section 110, using the CELP residual signal
coefficient, to calculate a CELP component suppressed
spectrum. CELP component suppressing section 1[04 then
outputs the CELP component suppressed spectrum to CELP
residual signal spectrum calculating section 105 and adding
10 section 111.
[0026] CELP residual signal spectrum calculating section 105
calculates a CELP residual signal spectrum, i.e., a difference
between the input signal spectrum inputted from MDCT section
101 and the CELP component suppressed spectrum inputted
15 from CELP component suppressing section 104. To be more
specific, CELP residual signal spectrum calculating section 105
acquires the CELP residual signal spectrum by subtracting the
CELP component suppressed spectrum from the input signal
spectrum. CELP residual signal spectrum calculating section
20 105 then outputs the CELP residual signal spectrum to
transform coding section 110, pulse position estimating section
106, estimated pulse attenuating section 107.
[0027] Pulse position estimating section 106 estimates pulse
positions (for example, frequencies having a large amplitude of

25 the CELP residual signal spectrum) that are encoded by

transform coding section 110, using the CELP residual signal

12



2F11135-PCT spectrum (target signal for transform coding; hereunder, may be referred to as "target
signal") that is inputted from CELP residual signal spectrum calculating section 105. Pulse position
estimating S&dtibh>106then outputs the pulse positions 5Sthat were estimated (estimated pulse
positions) to estimated pulse attenuating section 107. [0028]Estimated pulse attenuating section 107

attenuates the, . aAmpltyde A e asfimated puise RAFIHORS thalare,nRRLEd fipm P,“'ﬁ?a%’%téon

estimating section 106 in the CELP Tesidual 10signal spectrum that’is inputted from CELP residual

signal specfrup calcplafing section,105 Estimajed puise,atienpiating seqtien 107 Hgn eupuis a

spectrum after the attenuation to estimated distortion evaluating section 108 as a transform coding

estimated residupl spectrum, J5[0032]Estimated-distartign;evaluating seetion 108 calcufaiesan

estimated distortion energy that is an estimated value of a coding distortion (distortion energy) that is
due to trangfarntcading s Using the dnputcsivnal specteun ihatds papuited from MRGJosgetiom 401, and

the transform coding estimated residual 20spectrum that is inputted from estimated pulse attenuating
sections 107 lestimatad: distortiormevaluating sectiand108ithen opipsisitbe estimatedsdisiostien] energy
to main selection candidate limiting section 109. [0030]Estimated distortion evaluating section 108
outputs a 2pbCHELP stippressing goetficiennindex that is an evaluation target to CELP component
suppressing section 104 in order to obtain a
[0028] Estimated pulse attenuating section 107 attenuates the
amplitude at the estimated pulse positions that are inputted
from pulse position estimating section 106 in the CELP residual
10 signal spectrum that is inputted from CELP residual signal
spectrum calculating section 105. Estimated pulse attenuating
section 107 then outputs a spectrum after the attenuation to
estimated distortion evaluating section 108 as a transform
coding estimated residual spectrum.
15 [0029] FEstimated distortion evaluating section 108 calculates
an estimated distortion energy that is an estimated value of a
coding distortion (distortion energy) that is due to transform
coding, using the input signal spectrum that is inputted from
MDCT section 101, and the transform coding estimated residual
20 spectrum that is inputted from estimated pulse attenuating
section 107. Estimated distortion evaluating section 108 then
outputs the estimated distortion energy to main selection
candidate limiting section 109.
[0030] Estimated distortion evaluating section 108 outputs a

25 CELP suppressing coefficient index that is an evaluation target

to CELP component suppressing section 104 in order to obtain a
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2F11135-PCT transform coding estimated residual spectrum corresponding to the CELP suppressing
coefficient that is an evaluation target in a preliminary selection search that is described later. For
example, whiehl tafelifating an estimated distortion energy for a 5CELP suppressing coefficient index j
= 1, estimated distortion evaluating section 108 outputs the CELP suppressing coefficient index j = 1 to

CELP COngQ%@tf%%Brecséﬁ‘ﬂﬁgcéiQPi 104, Estimated distortion qyalyating xsxeecéigﬁ 38 fhen galculates

an estimated distortion energy for a transform coding 10 estimated residual spectrum (corresponding

to CELP suppegsing pogff ';9(!%:]& gl%%?%j T &b iabisa reshlt pfithe.sequentiabpragessing gt GELP

component suppressing sec ELP residual signal spectrum calculating section 105, pulse

position estjmafing section 106 .and estimateduled 1aatianualing seetion 197. [Q031]Maip selection
candidate limiting section 109 limits CELP suppressing coefficient candidates (CELP suppressing

coefficientsd@ H@ ysed in arsfernceringhthai are seasched fodinsadnain selegtian searwsh, gescribed
later, among the CELP 20suppressingcoefficientsstoredin theCELPsuppressing coefficient code book,

based »n thewrlistribuitipn of the estimatetifdisteriion edergy that is inpuites fromi estimaded idistortion
evaluating section 108. Main selection candidate limiting section 109 then outputs CELP suppressing
coefficient 25indicesiingdicatingdheolimited CE LPosuppréssing beefficieAticEndidatesto €ELR: ¢
componentsuppressingsection104. 2F1 35-PCT
coefficient index j = 1 to CELP component suppressing section
104, Estimated distortion evaluating section 108 then
calculates an estimated distortion energy for a transform coding
10 estimated residual spectrum (corresponding to CELP
suppressing coefficient index j = 1) that 1s a result of the
sequential processing at CELP component suppressing section
104, CELP residual signal spectrum calculating section 105,
pulse position estimating section 106 and estimated pulse
15 attenuating section 107,
[0031] Main selection candidate limiting section 109 limits
CELP suppressing coefficient candidates (CELP suppressing
coefficients to be used in transform coding) that are searched
for in a main selection search, described later, among the CELP
20 suppressing coefficients stored 1in the CELP suppressing
coefficient code book, based on the distribution of the
estimated distortion energy that is inputted from estimated
distortion evaluating section 108. Main selection candidate
limiting section 109 then outputs CELP suppressing coefficient

25 indices indicating the limited CELP suppressing coefficient

candidates to CELP component suppressing section 104.
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Hereinafter, the CELP suppressing coefficient candidates that have been limited at this time may be
referred to collectively as a "CELP suppressing coefficients group.” Further, CELP suppressing
coefficient iddidés ebfrdsponding to the limited 5 CELP suppressing coefficient candidates may be
referred to collectively as a "CELP suppressing coefficient indices group.” [0032] Thus, for example,

pulse positipn. estimaging, section 106 estimatsdnuiseaienyalingpecionto L.estimated disigrion
;

evaluating section 108 and main selection candidate 10limiting section 109 operate as a preliminary
selecting segfiop that reliminariy sglects apradetermingd pumberof CBLE suppressing.casfficients

using an input signal spectrum and a CELP residual signal spectrum, and specifies the preliminarily

selected CELP guppressing cogffisients ta £ELB compongnt 15sHppressing seetienr 104.§Q083]In
coding apparatus 100 shown in FIG. 1, CELP component suppressing section 104, CELP residual

signal spectruppnealeylating sedtion 406npulse Ppsition estimating sectian 1Q6, eslimated pelge _
attenuating section 107, estimated 20distortion evaluating section 108 and main selection candidate
limiting sectidn11P9 definera cédsed leap:Thecdemporents! iarating thiselpsattoopséarcte fr t o
candidates(CELP suppressing coefficient indices) that are search targets in the main selection search,
described latet ] among: the CEBP "258Uppressimyr eoefficientsstdfedincthe CEL Resupgressing”
[0032] Thus, for example, pulse position estimating section
106, estimated pulse attenuating section 107, estimated
distortion evaluating section 108 and main selection candidate
10 limiting section 109 operate as a preliminary selecting section
that preliminarily selects a predetermined number of CELP
suppressing coefficients using an input signal spectrum and a
CELP residual signal spectrum, and specifies the preliminarily
selected CELP suppressing coefficients to CELP component
15 suppressing section 104.
[00G33]) In coding apparatus 100 shown 1in FIG. 1, CELP
component suppressing section 104, CELP residual signal
spectrum calculating Sectioﬁ 105, pulse position estimating
section 106, estimated pulse attenuating section 107, estimated
20 distortion evaluating section 108 and main selection candidate
limiting section 109 define a closed loop. The components
forming this closed loop search for <candidates (CELP
suppressing coefficient indices) that are search targets in the
main selection search, described later, among the CELP

25 suppressing coefficients stored in the CELP suppressing

coefficient code book included in CELP component suppressing
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coefficient code book included in CELP component suppressing 2F11135-PCT section 104, using
CELP suppressing coefficients corresponding to the CELP suppressing coefficient indices specified by
estimated digtbrtioh-BUdluating section 108. Hereinafter, this search processing is referred to as a
"preliminary selection 5search.” [0034]Transform coding section 110 encodes the CELP residual

signal spectiup (iaragtpigngl) inputted frem GELR residual Sigpakspeciivm calepiating,seclign 105 by

transform coding to generate transform-coded data. Transform coding 10section 110 decodes

(local-decodgs) the.geqerated trapsforms coded daga ta generate aydeicaded wansformsqoded signal
spectrum. At that time, transform coding section 110 performs encoding so as to reduce the distortion

between the GELP) residualignal spectiumang the decodaditransiorm-epged;iha signal spegtrum.
Transform coding section 110, for example, performs coding so as to reduce the above distortion by

generating pulsestat freguencies having adaege amplituda ¢energy) of they GELR resieuat signal
spectrum. Transform coding section 110 then outputs the transform-coded data 20 obtained by
encodifg tasdistartion evaluating section 112 and outputs the decoded transform-coded signal
spectrum to adding section 111. [0035]Adding section 111 adds the CELP component
suppressedspédtiuminplttedfromCELPcompogents25suppressihg section 404 aridithe ddcbded
transform-coded signal
residual signal spectrum (target signal) inputted from CELP
residual signal spectrum calculating section 105 by transform
coding to generate transform-coded data. Transform coding
10 section 110 decodes (local-deccodes) the generated transform-
coded data to generate a decoded transform-coded signal
spectrum. At that time, transform coding section 110 performs
encoding so as to reduce the distortion between the CELP
residual signal spectrum and the decoded transform-coded
15 signal spectrum. Transform coding section 110, for example,
performs coding so as to reduce the above distortion by
generating pulses at frequencies having a large amplitude
(energy) of the CELP residual signal spectrum. Transform
coding section 110 then outputs the transform-coded data
20 obtained by encoding to distortion evaluating section 112 and
outputs the decoded transform-coded signal spectrum to adding
section 111.
[0035] Adding section 111 adds the CELP component
suppressed spectrum inputted from CELP component

25 suppressing section 104 and the decoded transform-coded signal

spectrum inputted from transform coding section 110 to
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spectrum inputted from transform coding section 110 to 2F11135-PCT calculate a decoded signal
spectrum and outputs the decoded signal spectrum to distortion evaluating section 112.
[0036]Distoitidn B\akfating section 112 scans some indices  (CELP suppressing coefficient indices
that were limited by 5 main selection candidate limiting section 109) of the CELP suppressing

CoeﬁiCie”tScsé%e{i’lig*itgj%%f PRI ég%g@e@;sisme%ba% "ﬁ%ﬁ geLio QE%P&Q%SE?&

suppressing section searches for'a CELP suppressing coefficient index to minimize

distortion (that,s,godingcitaion de, 19110 ANSIOITLCAYRG) Bepyes the input signal spectrum

inputted from MDCT section 101 and the decoded signal spectrum inputted from adding section 111.

Distortion eY@IggMg S%tﬂg@&% Periarms EELR éURI%r@{SﬁBlQ using GELR supprassing geeflicients
corresponding to some indices above ( 45 distortion evaluating section 112 outputs CELP

suppressing caeffipientingdiees)shy gonti@ling GELR campeopent suppressing seqtign; 104. Distortion
evaluating section 112 then outputs a CELP suppressing coefficient index which minimizes the
calculaged distdrtion ta awiiiplexing section 413 a8 & GRLPs 20 5uppressing coéfficieant @pima index
and outputs transform-coded data corresponding to the CELP suppressing coefficient optimal index
among transtopmcodechgata dnputted from dransform ¢oding sedtion 118 fofmulsiplgxingssaction 113
(transform-coded data when distortion is minimum). 25[0037]Thus, for example, transform coding
section 1105 addifig sectionldandaistortionl eviduatingdedtioRl 12 2p1I8E P ETgpesatel ag a
second coding section that performs transform coding (second encoding) using a CELP residual signal
spectrum theg ¢ takeulhfed byidputtng ihe CEL® residudi Eifnal spectdmi alcutating seection 105 a
CELP suppressed 5 spectrum that is generated using CELP suppressing coefficients specified by the
above desciibed préPminan/ selé&ird Seétion i ErEP ddhipohentSupprassibiy SeélibAMLOYY &nd that

determines one CELP suppressing coefficient among the specified CELP suppressing coefficients
using]-é)decb‘ﬂédanSform coding) between the input signal spectrum inputted

from MDCT section 101 and the decoded signal spectrum
inputted from adding section 111. Distortion evaluating
section 112 performs CELP suppressing using CELP suppressing
coefficients corresponding to some indices above (i.e.

15 distortion evaluating section 112 outputs CELP suppressing
coefficient indices) by controlling CELP component suppressing
section 104. Distortion evaluating section 112 then outputs a
CELP suppressing coefficient index which minimizes the
calculated distortion to multiplexing section 113 as a CELP

20  suppressing coefficient optimal index and outputs transform-
coded data corresponding to the CELP suppressing coefficient
optimal 1index among transform-coded data inputted from
transform coding section 110 to multiplexing section 113
(transform-coded data when distortion is minimum).

25  [0037] Thus, for example, transform coding section 110,

adding section [1! and distortion evaluating section 112
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10 transform-coded signal spectrum (a spectrum of a second decoded signal) that is generated by
decoding transform-coded data (a second code) obtained by transform coding, a CELP suppressed
spectrum apdlah3imidt Bignal spectrum. [0038]In coding apparatus 100 shown in FIG. 1, CELP 15
component suppressing section 104, CELP residual signal spectrum calculating section 105, transform

coding sectign. 110, adding section, L1 and digiorionvalyating secfion A2 defing aclgsadoop: The
ose

componentgj?c?rmlng this cl loop generate a decoded signal spectrum using CELP suppressing 20

coeffisients,cpirgppondingcln GELR: sunisasing cpeffisient ndicep precifed by main seledion

candidate limiting Section 109 among a plurality of CELP suppressing coefficients stored in the CELP

suppressing,coefficient Gade begk ingluded, in GELR, compenenh sUPRIESSINIISESHioR 04 @pgl search
for a 25candidate (a CELP suppressing coefficient index) which minimizes the distortion (coding

distortion dyetq fnansfeerat Arkl 132RGT09680) bebwvesn the dputsignalispeciiuppara theldecoded
signal spectrum. Hereinafter, this search processing is referred to as a "main selection search."”

[0039]Multiplexing section il 3 myltiplexesdhe GHEW P cofddr dajppgnpytied dram EFLR icogding section
102, the transform-coded data inputted from distortion evaluating section 112 (transform-coded data
when distostipads fihinimized) handthe GELR supphesdingredéfficientrgptimatindexganditansmits a
multiplexed result to a decoding apparatus as coded data. 10[0040]Decoding apparatus 200 will now
be explaindd. DeCadding apparatus 260 decodepiirssoded datadtansmittéd ffom eoding dppdratus
100 and outputs a decoded signal. [0041]FIG.2isablockdiagramshowingamain configuration of
decoding appartusi 280 Deeading Gppatatus 15 P06 sndludes demiltislexing sedticrn201, thehsform
coding decoding section 202, CELP decoding section 203, MDCT section 204, CELP component
suppressing Beetidnezbs, adding sectipR 2O6S Hhd inversd ModftPdisBiets Zosihe ﬁiaws%fﬁfl(lmocn

section 207. Each section performs the following
10  transform-coded signal spectrum (a spectrum of a second

decoded signal) that is generated by decoding transform-coded
data (a second code) obtained by transform coding, a CELP
suppressed spectrum and an input signal spectrum.
[0038] In coding épparatus 100 shown in FIG. 1, CELP
15 component suppressing section 104, CELP residual signal
spectrum calculating section 105, transform coding section 110,
adding section 111 and distortion evaluating section 112 define
a closed loop. The components forming this closed loop
generate a decoded signal spectrum using CELP suppressing
20 coefficients corresponding to CELP suppressing coefficient
indices specified by main selection candidate limiting section
109 among a plurality of CELP suppressing coefficients stored
in the CELP suppressing coefficient code book included in
CELP component suppressing section 104, and search for a
25 candidate (a CELP suppressing coefficient index) which

minimizes the distortion (coding distortion due to transform
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20operations. [0042]In decoding apparatus 200 shown in FIG. 2, demultiplexing section 201 receives
coded data including CELP coded data, transform-coded data, and CELP suppressing coefficient
optimal indek fitdfd diding apparatus 100 (FIG. 1) 25through a transmission path (not
shown).Demultiplexing section 201 demultiplexes the coded data into the CELP coded 2F11135-PCT

data, the transform-coded data, angd the CELP. suppressin efficient optimal index, Demultiplexing
égl 1 f %Gci[h“efec’@é]LPglégdean&)a’{%al‘ tospkﬁiﬁ?gd%ﬁ%ctlcum. . Qh? tﬂg deg &le(P

section 201 then' ot puts ecoding section 203, outputs the

”ans,fo,rm'Cé’%?ﬁaqf?‘tastgé@ﬂﬁﬁ%m codipg.deGading. p Segiqn 202, andputhuts the CELP syppressing
coefficient optimal index to CELP component suppressing section 205. [0043] Transform coding

decoding segtian 202 decades the,trapsfarm-cofed data ipputied from demultiplexing section 201 to
generate a spectrum of a decoded signal subjected to 10 transform coding and outputs the decoded

transform-cogled signahspeeinyin 10 adding sadion 206. [9Qd} ¢ ELP.decoding gection2B.decodes
the CELP coded data inputted from demultiplexing section 201 and outputs the CELP decoded signal

to MDET seitian 204 d1b6{6045fMRCTCsECtPN 204 pegforas a MPCTprocesson ihe CilRdecoded
signal inputted from CELP decoding section 203 to generate a CELP decoded signal spectrum. MDCT
section 204:thée éutputsathe genenatdd CELR detioded signal spealruat ia CELR componént2
suppressing section 205.

(transform-coded data when distortion is minimized), and the

CELP suppressing coefficient optimal index and transmits a

multiplexed result to a decoding apparatus as coded data.

10 [0040] Decoding apparatus 200 will now be explained.
Decoding apparatus 200 decodes the coded data transmitted
from coding apparatus 100 and outputs a decoded signal.

(0041} FIG. 2 is a Dblock diagram showing a main
configuration of decoding apparatus 200. Decoding apparatus

15 200 includes demultiplexing section 201, transform coding
decoding section 202, CELP decoding section 203, MDCT
section 204, CELP component suppressing section 205, adding
section 206, and inverse modified discrete cosine transform
(IMDCT) section 207. Each section performs the following

20 operations.

(0042} In decoding apparatus 200 shown in FIG. 2,
demultiplexing section 201 receives coded data including CELP
coded data, transform-coded data, and CELP suppressing
coefficient optimal index from coding apparatus 100 (FIG. 1)

25 through a transmission path (not shown). Demultiplexing

section 201 demultiplexes the coded data into the CELP coded
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20[0046]CELP component suppressing section 205 includes a CELP suppressing coefficient code
book that is similar to the CELP suppressing coefficient code book that CELP component suppressing
section 102indlistes (Although it is sufficient that the CELP suppressing coefficient code book that
CELP 25component suppressing section 205 includes is basically the exact same as the CELP

suppressing cpefliciqnt cqe hook lhat 2FAA435RCT CELRCOponant suppressing sectn 104
or a

. . . L ar '
includes, in‘a case in which suppressing is performeg that includes some other ki Jusﬁnent or

the like, the, aforementoned GELE, sURRrgssing CQ?Q‘MGTE%S?@QHP S Deeqingt negepsaiy pe the

same. 5 CELP component suppressing section 205 multiplieés each frequency component of the CELP

decoded signalspectrum inpyited rap MRC T sectiep 204y theiCELR sipPrassing goefficient
corresponding to a CELP suppressing coefficient optimal index inputted from demultiplexing section

201, 10 thegehy,caleulating aGELD coamperent suppiessed spactdmin whichithe LRl Fudggoded
signal spectrum (CELP component) is suppressed. CELP component suppressing section 205 then

outputs thesealeulated GFELP comporentsuppressed spegtrimda pddingssedtion: 3Q4.r156[QAk7]Adding
section 206 adds the CELP component suppressed spectrum inputted from CELP component
suppressing gettion 205dand the décbded transteimacodag pignakspecttdratinputted $rom transform
coding decoding section 202 to calculate a decoded signal spectrum, as with adding section 20 111 in
coding appafdtds 100. Adgingtseationc206i then datpuis the calculated déddded signdkspedirum to
IMDCT section 207. [0048] IMDCT section 207 performs a MDCT process on the decoded signal
spectrum irfpated from -aduigdsettion 206 andoltputsnheldesadédrsignaln 25[0040]Next détails of

preliminary selection search process in coding a‘pparatus 100 (FIG. 1) will be described.
2F11135-PQT generate a spectrum of a decoded signal subjected to

10 transform coding and outputs the decoded transform-coded
signal spectrum to adding section 206.

{00447 CELP decoding section 203 decodes the CELP coded
data inputted from demultiplexing section 201 and outputs the
CELP decoded signal to MDCT section 204.

15 [0045] MDCT section 204 performs a MDCT process on the
CELP decoded signal inputted from CELP decoding section 203
to generate a CELP decoded signal spectrum. MDCT section
204 then outputs the generated CELP decoded signal spectrum
to CELP component suppressing section 205,

20 [0046] CELP component suppressing section 205 includes a
CELP suppressing coefficient code book that is similar to the
CELP suppressing coefficient code book that CELP component
suppressing section 104 includes. Although it 1s sufficient
that the CELP suppressing coefficient code book that CELP

25 component suppressing section 205 includes is basically the

exact same as the CELP suppressing coefficient code book that
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[0050]First, an example of a method by which estimated pulse positions are estimated at pulse
position estimating section 106 is described. [00511Generally, in transform coding, coding is
performed BrduthstPaipulses are generated at frequencies having a large amplitude of the input
signal (in this case, the CELP residual signal spectrum). At this time, the number of pulses that are
generated E ifference between the amplitudes of the pulses and the,input.signal differ according
8 oot bit ale ol &t LTSy hEIIaror o STl Eon hGUSTy. bocthe dctorion i

ansform cgeisg a0 pgr e exaet letsruined ithosactuali perfariog fhe coring: Haquer it

possible to estimate pulse positions to be encoded in transform coding by using statistical techniques.

15[0052]In Msgéfﬁsk%mweght@ar AGELR regifypl signa speetium paspa noppakdisrigution. Itis

also assumed that, in the transform coding, pulses are generated at frequencies that have larger

amplitudes apd tpat the pulse informpatiopds encodedy Fer example.dtis assymed that pulses at the
highest 20 10% of frequencies having a large amplitude in the CELP residual signal spectrum are

encoded byccedirg appaiatys 489, and £pdingsapparatusc100 calculptes athrespold yalus @mplitude
threshold value) for determining pulse positions to be encoded by transform coding section 110.

25[0053]Spedificaly: fiyst, averpgeabsoluie value lavgljl of the:CEUR desidyal signabspeatoum is
calculated in accordance 2F11135-PCT with equation I. [1]
inputted from MDCT section 204 by the CELP suppressing
coefficient corresponding to a CELP suppressing coefficient
optimal index inputted from demultiplexing section 201,

10 thereby calculating a CELP component suppressed spectrum in
which the CELP decoded signal spectrum (CELP component) is
suppressed. CELP component suppressing section 205 then
outputs the calculated CELP component suppressed spectrum to
adding section 206.

15 [0047] Adding section 206 adds the CELP component
suppressed spectrum inputted from CELP component
suppressing section 205 and the decoded transform-coded signal
spectrum inputted from transform coding decoding section 202
to calculate a decoded signal spectrum, as with adding section

20 111 in coding apparatus 100. Adding section 206 then outputs
the calculated decoded signal spectrum to IMDCT section 207.
[0048] IMDCT section 207 performs a MDCT process on the
decoded signal spectrum inputted from adding section 206 and
outputs the decoded signal.

25 [0049] Next, details of preliminary selection search process

in coding apparatus 100 (FIG. 1) will be described.
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[0054]Here, lavg]j] represents an average absolute value of 5 the CELP residual signal spectrum with
respect to CELP suppressing coefficient index j, i represents the number of a frequency sample, and
Cr represerts =i Fviplitude of the CELP residual signal spectrum. Further, the total number of CELP
suppressing coefficient indices is taken as M, and the total 10number of frequency samples is taken as
N. [0055]N Usst? dar deV|at|on afj] of the ClIELP fesldual Si naI spectru res ect to C
suppressing oéfficient m&éxj is’calctiatet in accordancenm uation 2 m‘fﬂ]c 1502t ﬁ] ]2 (N -1)
- lavgl[j]2. (E u tlon 2 0[OO? Then usm veraaqh absolute va ue Ia\fngJl Iculated Py eqyatlon 1 and
standard deRna ion ofj] calcula atad by equaflon resho d vglue fthr 15 calc ?alfed “for examp]lé in
accordance \é/gl%le)q afigp 3. Zg[f%] i[;Q:—d.lavg[j] + 0-[j]*. (Equation 3) [0057]Here, 13 is a constant that
controls the value o thresh alue Ithr.For example, when setting a threshold value so that the

highest 10% ¢f kgquengies, baying,a large; 2RI E3Pi Cdo ding, coding is performed

5 such that pulses are generated at frequencies having a large
amplitude of the input signal (in this case, the CELP residual
signal spectrum). At this time, the number of pulses that are
generated and a difference between the amplitudes of the pulses
and the input signal differ according to a set bit rate or a

10 frequency characteristic of the signal. Consequently, a coding
distortion in transform coding can not be exactly determined
without actually performing the coding. However, it 1is
possible to estimate pulse positions to be encoded in transform
coding by using statistical techniques.

15 [00521 In this case, it is assumed that a CELP residual signal
spectrum has a normal distribution. It is also assumed that, in
the transform coding, pulses are generated at frequencies that
have larger amplitudes and that the pulse information is
encoded. For example, it is assumed that pulses at the highest

20 10% of frequencies having a large amplitude in the CELP
residual signal spectrum are encoded by coding apparatus 100,
and coding apparatus 100 calculates a threshold wvalue
(amplitude threshold value) for determining pulse positions to
be encoded by transform coding section 110,

25 f0053] Specifically, first, average absolute value lavgfj] of

the CELP residual signal spectrum 1s calculated in accordance
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amplitude in the CELP residual signal spectrum are selected, the value of p is set to approximately
1.6. Further, for example, when setting a threshold value so that the highest 5% of frequencies having
a large amplituts3 v PaE CELP residual 5signal spectrum are selected, the value of O is set to
approximately 2.0.The setting value of p can be determined according to a normal distribution table.
[0058]Pulse “p(%%ition estg'matin section 106 estimates a pulse position (estimated pulse position)
to be encoded by frdndrorm 1 coding section 110 by using threshold value Ithr shown in equation 3.
More specif'g lly, pulse position estimating section 106 estimates a pulse position to be encoded by
transform coding section 110 with respect to CELP suppressing coefficient index j in accordance with
equation 4. 15[4] {1.0 if I€r[j][i] > Ithr[j}/(1N) leP[f][i] 0.0otherwise (1 i N) . (Equation 4) [0059]Here,
lep[j][i] indicates an esti@f@d_v’é@ﬂll egarding whether or not a pulse is generated at each frequency
samplei lavg[j] = ' ' ... (Equation 1)

[0054] Here, lavg|j] represents an average absolute value of
5 the CELP residual signal spectrum with respect to CELP
suppressing coefficient index j, i represents the number of a
frequency sample, and Cr represents an amplitude of the CELP
residual signal spectrum. Further, the total number of CELP
suppressing coefficient indices is taken as M, and the total
10 number of frequency samples is taken as N.
[0055] Next, standard deviation ofj] of the CELP residual
signal spectrum with respect to CELP suppressing coefficient

index j is calculated in accordance with equation 2.

[2]

15 olj] = \/[i(fr[j]{if]/(]\f—l) — Iavel i1’ ... (Equation 2)

[0056] Then, using average absolute value lavglj] calculated
by equation 1 and standard deviation o[j] calculated by
equation 2, threshold value Ithr is calculated, for example, in
accordance with equation 3.
20 [3]

Ithrljl = laveljl+oljl*p ... (Equation 3)

[0057] Here, B is a constant that controls the wvalue of
threshold value Ithr. For example, when setting a threshold

value so that the highest 10% of frequencies having a large
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(i< N) of CELP suppressing coefficient index j.In other 20words, as shown in equation 4, in CELP
suppressing coefficient index j, lep[j][i] = 1.0 at a frequency sample i for which it is estimated that a
pulse is gergratesh-@adrep[= 0.0 at the other frequency samples.That is, pulse position estimating

section 106 takes a frequency sample for which lep[j][i] = 1.0 25as an estimated pulse position.

2F11135-PCT OJOQO]g‘thisma{\rEer,%agiqépnthedi%tribctjtion chaiacteristitc_s of the CELP res{du | signal
spectrum (A& ighS, With Bhly 15w Smbunt SF &dmpLidtidh, pRkEpodtion Setiftating Séction 106
efficiently eﬂ{rgates LllJlase g?sigaons to SD% o%ained as a resualtt 85 encPdéng in Ea@fﬁ)rm codin

110. More specifigflf, pulse p sition egéﬁmatlng Seection 106' Eofmpares a thres

section

old valie (I hr) that is

calculated %r%%% §?§i§ %ﬁe%a@%.itgjgoéiaﬂ% log[ amplifudes gr.a %@titsr}iﬁ@l,\l{?#?nﬂﬁy %feaSQS%I uie values

of the amplitu

the CELP resi 0 signal spectrum (target signa

an amplitude of the

CELP residyg! signgl speciium. iphdigstimates pulses (gstimated pulse pesitians)o beseneagded in
transform coding section 110. Thus, it iS sufficient to only judge between an amplitude and the
threshald valueqn pulge pesition, estimatingsectiongl 06+ 4% and dtis possible fo idgntifyQulsgpositions
that are estimated to be encoded in transform coding section 110, with a smaller workload than a
workload indanstormeeding section 130 Fugtheri itds suffigientto inckige ab leagt standardedeviation
a as the aforementioned statistical quantity that is used in pulse

10

15

20

25

according to a normal distribution table.

[0058] Pulse position estimating section 106 estimates a pulse
position (estimated pulse position) to be encoded by transform
coding section 110 by using threshold value Ithr shown in
equation 3. More specifically, pulse position estimating
section 106 estimates a pulse position to be encoded by
transform coding section 110 with respect to CELP suppressing
coefficient index j in accordance with equation 4.

[4]

1.0 if |Crlj1l] > e[ j1 (1<i<N)

... (Equation 4)
0.0 otherwise (1<i<N)

lepljlli] = {

{0059] Here, Iep[j]li] indicates an estimated result regarding
whether or not a pulse is generated at cach f{requency sample i
(1 €1 < N) of CELP suppressing coefficient index j. In other
words, as shown in equation 4, in CELP suppressing coefficient
index i, lep[j]li] = 1.0 at a frequency sample i for which it is
estimated that a pulse is generated, and Iep[j][i] = 0.0 at the
other frequency samples. That is, pulse position estimating
section 106 takes a frequency sample for which Iep[j][i] = 1.0

as an estimated pulse position.

24



20 position estimating section 106. By calculating a threshold value using a standard deviation that
guantitatively represents the degree of variation in an amplitude or an absolute value of a target signal
in this manpgt,l it3s-Passible to calculate a threshold value that provides high accuracy with respect to
25estimationof pulse positions witha small amount of computation. 2F11135-PCT

[0061]Sub y, estimated pylse attenuating sectipn 107 attenuates,the amplitude at estimated
pulse positi n§§@ nd cor?glpon%llfﬁ]gsto Ienﬁﬁ]ﬁ]n:gi’.O) tk?ftsv&egre eé)tll}nats in pu?szsééls%igtﬁlgsqimating

section 106, g {nereby,genetats ¢ tansiopm, peoding.sximated fesidyal spectiim, (0paIkqr example,
m

in this case, for s%mp?icny, It is assumed that, as the result of atterfuation of the spectr estimated

e VAR AT Sasau e s sl o

and at the QtherpYlst g section 106 efficiently estimates pulse positions to
5 be obfained as a result of encoding in transform coding section
110. More specifically, pulse position estimating section 106
compares a threshold value (Ithr) that is calculated on the basis

of a statistical quantity of amplitudes or a statistical quantity

of absolute values of the amplitudes of the CELP residual

10 signal spectrum (target signal), with an amplitude of the CELP
residual signal spectrum, and estimates pulses (estimated pulse
positions) to be encoded in transform coding section 110.
Thus, it is sufficient to only judge between an amplitude and

the threshold value in pulse position estimating section 106,

15 and it is possible to identify pulse positions that are estimated
to be encoded in transform coding section 110, with a smaller
workload than a workload in transform coding section 110.
Further, it is sufficient to include at least standard deviation ¢

as the aforementioned statistical quantity that is used in pulse

20 position estimating section 106. By calculating a threshold
value using a standard deviation that quantitatively represents

the degree of variation in an amplitude or an absolute value of

a target signal in this manner, it i1s possible to calculate a
threshold value that provides high accuracy with respect to

25 estimation of ©pulse positions with a small amount of

computation.
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positions (band corresponding to lep[j][il = 0.0) the CELP residual signal spectrum remains as a
difference without change.More specifically, estimated pulse attenuating section 15107 calculates
transform czigding3ésk@itted residual spectrum Cra in accordance with equation 5. [5] Cro[j][i] Cr[j][i]* a
if lep[j][i] =1.0N) ... (Equation 5) Cr[j][ijotherwise (1 i N) [0063]Here, a indicates to what extent the

amp'it“dehﬁg@%i% C%Egﬁgggg‘é"n iggféél%?%%r{‘ Sl %8s S‘t‘?igfg{lee{‘t%%g an estigjatedpulse

position (t ndicates ree ttenuation), represents a constant that is greater than or

cau) 0 gt g e eyio e o cfdul ocaen) Framoe

corresponding to Tep[j]fi] = 1.0) that were estimated in pulse
position estimating section 106, to thereby generate a transform

5 coding estimated residual spectrum.
{0062] For example, in this case, for simplicity, it is assumed
that, as the result of attenuation of the spectrum in estimated
pulse attenuating section 107, a difference of a certain ratio
remains with respect to the amplitude of the CELP residual

10 signal spectrum at the estimated pulse positions (band
corresponding to lep[j][i] = 1.0), and at the other pulse
positions (band corresponding to Iepfj}li}] = 0.0) the CELP
residual signal spectrum remains as a difference without
change. More specifically, estimated pulse attenuating section

15 107 calculates transform coding estimated residual spectrum

Cra in accordance with equation 5.
[5]

Crafiiy = \CAET e Tl =10 ASiSN) e )
Crl ] otherwise (1<is< N)

[0063] Here, o indicates to what extent the amplitude of the
20 CELP residual signal spectrum remains as a difference at an
estimated pulse position (that is, indicates the degree of
attenuation), and represents a constant that is greater than or
equal to 0 and less than 1 (hereinafter, referred to as
"estimated residual <coefficient"). For example, when a

25 difference at an estimated pulse position is regarded as zero, «
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2F11135-PCT - 0.0 is set, and when a difference of 10% is expected at an estimated pulse position, a
= 0.1 is set. In other words, estimated pulse attenuating section 107 calculates a transform coding
estimated reBiduabgpectrum (that is, an estimated value 5 of a decoded signal spectrum) by
multiplying the amplitude of the CELP residual signal spectrum by the estimated residual coefficient (a

value that is greater.than or equal to 0 and less.than 1). By esfimatip ifference, e trgnsform
coding by multcl‘%?gg/inlgsa%%?n’stgr?t%tha‘?f%segr}egte?tlr?% %er%ea%{alotgnﬁn f}Oglngs tﬁgrtlgl yct}he BELP

residual signal speg é‘%imcwﬁ‘&sem e @ differgnce ig) caleylated so that g pregetgrmiped SNR
q

(Signal Noisé Ratio) is acquired by transform coding. The SNR at this time is represented by equation

6.[6] 15SNR# ﬁthJeQQi‘Préise(an@@“%@ 1Q064JNext in ageprdancs, with.gauatian £ s #sipg the input

signal spectrum and the transform coding estimated residual spectrum, estimated distortion evaluating
section 108 caiguates.estimated distortion enepdcEeuthat isian estimatgdaalug ak 8 20eqding

distortion (distortion energy) due to transform coding (hereinafter, maybe referred to as "estimated
distortion eyaluatigR’doldkd signal spectrum) by multiplying the amplitude of
the CELP residual signal spectrum by the estimated residual
coefficient (a value that is greater than or equal to 0 and less
than 1). By estimating a difference due to transform coding by
multiplying a constant that is greater than or equal to 0 and
10 less than 1 by the CELP residual signal spectrum in this
manner, a difference is calculated so that a predetermined SNR
(Signal Noise Ratio) is acquired by transform coding. The
SNR at this time is represented by equation 6.

[6]

15  SNR=-20-log,, o ... (Equation 6)

[0064] Next, in accordance with equation 7, using the input
signal spectrum and the transform coding estimated residual
spectrum, estimated distortion evaluating section 108 calculates
estimated distortion energy Ee that i1s an estimated value of a

20 coding distortion (distortion energy) due to transform coding
(hereinafter, may be referred to as "estimated distortion
evaluation™).

[7]

> (Cral j1li1* Cral f1[i])
Ee[j] = O[] =

... (Equation 7)

ismz
=]
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2F11135-PCT [0065]Here, S represents an input signal spectrum.Further, O represents a fixed value
that is set for each CELP suppressing coefficient, and has a function of adjusting an estimated
distortion epengyzerwgen CELP suppressing coefficients.For 5 example, when a CELP suppressing
coefficient (index j) is zero, O[j] = 1.0 is set, and as the CELP suppressing coefficient (index j)

increases, i@ g%ﬁlitm(ﬁ]t iS made so as to arﬂgroach Oépi: 0.0. [0 66]él'hu% estimated distortion
evaluating $0tdn 10816 Sicatéd A E&thhintdd didBrtibr EREZY GRS FasPdRt to 4 #ANHTM coding
estimated regsidual spectrum for. which the amplitude of th ectrum. at estimated pulse pasitions has
been attenusatlé%lpurs‘:’irgl)ge %{rsét% %égteié? g‘r’eaaﬁtlé(retf%lr%l grlgqagftc?%raﬁg fe}és 'h%aqu]i. Th E,l in‘estimated

distortion ey I%%tljglgiser%ion alf? lef%E ane tirntq}%q;gj%tgrtio&eng[%xl%ttpgl e %%sitigg§it are

estimated t6 be encoded in transform co Ing section 110 can be éstimated by means of a smaller

workload than.ayyqrkjoad intyansferm coding sectign 1101006 ¢INate thatrin the preliminagy selection

search, when 20performing an éstimated distortion evaluation using all CELP suppressing coefficients,

estimaied distariion evalurting section 408 9ngratesi 5 a8 4@ seamialhef the £ELR suRPrRSSiNg

coefficient indices. In other words, estimated distortion evaluating section 108 outputs all of the CELP

suppressing phcoefficiept indicgs 0 CELP cempenentsuppressing seetian 494. Qnetha otberthand, in
the preliminary selection search, itis 2F11135-PCT

(index j) increases, an adjustment is made so as to approach
8fj] = 0.0.
[0066] Thus, estimated distortion evaluating section 108
10 calculates an estimated distortion energy with respect to a
transform coding estimated residual spectrum for which the
amplitude of the spectrum at estimated pulse positions has been
attenuated using a ratio that is greater than or equal to 0 and
less than 1. Thus, in estimated distortion evaluating section
15 108, an estimated distortion energy at pulse positions that are
estimated to be encoded in transform coding section 110 can be
estimated by means of a smaller workload than a workload in
transform coding section 110.
[0067] Note that, in the preliminary selection search, when
20 performing an estimated distortion evaluation using all CELP
suppressing coefficients, estimated distortion evaluating
section 108 operates so as to scan all of the CELP suppressing
coefficient indices. In other words, estimated distortion
evaluating section 108 outputs all of the CELP suppressing
25 coefficient indices to CELP component suppressing section 104,

On the other hand, in the preliminary selection search, it is
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also possible to limit the CELP suppressing coefficient candidates on which to perform an estimated
distortion evaluation. [0068]For example, a case will be described in which a 5preliminary selection
search is pefformediforonly three candidates when the total number of CELP suppressing coefficient
indices is M = 4. At this time, candidates are limited by excluding either of a coefficient that suppresses

most strongly and a coefficient that suppresses most weakly 10 from the main selection search. First,
estimated didtoPtiorPErerids ard Lalcli®ted with ?esp%gtitfyCEi?’ps%b%Fééﬁﬁg cS@fﬁéoérﬁiiﬁHiTcesj =1

and j = 4 (that is, Ee[1] and Ee[4]). Next, if ES[I] is less than Ee[4], estimated djstor{i luati
section 1080(,@‘6{}&}%'[%%13% egﬁ}"natzé’gﬁf?i‘ortig% erpe?df Mthat 14! E€2]) Gofes onéﬁff;t%\rl ua{i;ng

suppressin% \(f:o?ffigitek%trilndexj =2, and if Ee[4] is less than Ee[1], estimated distortion evaluating
section 108 calculdtes an estimated distortion energy (that is, Ee[3]) corresponding to CELP

suppressing g;@%fgﬁ.ient i;n(g x%g %fatﬁllgj%her gvo[:dass an %%timageﬁ)djﬁé%r%ppb%v(gluplliiowi’% performed

that is limited to three kinds o suppressing coefficients for4, and either one of 2 and 3 to

thereby corgplefe i, Rrejiminany. gelection search,Hence, sstimated distopign eyalpating;section 108

only needs to perform an es_timated distortion evaluation for three CELP suppressing 25coefficients,
and thus the workleadsequiveddar the,preliminany selactiensearch can e PUPRIEPIAI ing

approximately 3/4 of the 2F11135-PCT
coefficient indices 1s M = 4. At this time, candidates are
limited by excluding either of a coefficient that suppresses
most strongly and a coefficient that suppresses most weakly
10 from the main selection secarch. First, estimated distortion
energies are calculated with respect to CELP suppressing
coefficient indices j = 1 and j = 4 (that is, Ee[l] and Ee[4]).
Next, if Eefl] 1is less than Eel[4], estimated distortion
evaluating section 108 calculates an estimated distortion energy
15  (that is, Ee[2]) corresponding to CELP suppressing coefficient
index j = 2, and if Ee[4] is less than Ee[l], estimated distortion
evaluating section 108 calculates an estimated distortion energy
(that is, Ee[3]) corresponding to CELP suppressing coefficient
index j = 3. 1In other words, an estimated distortion evaluation
20 is performed that is limited to three kinds of CELP suppressing
coefficients for j = 1, 4, and either one of 2 and 3 to thereby
complete the preliminary selection search. Hence, estimated
distortion evaluating section 108 only needs to perform an
estimated distortion evaluation for three CELP suppressing

25 coefficients, and thus the workload required for the preliminary

selection search can be suppressed to approximately 3/4 of the
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workload required for evaluating all four of the CELP suppressing coefficients for j = 1 to 4. [0069]Next,
based on the distribution of the estimated distortion energy, main selection candidate limiting section
109 5 limitsthe CELP suppressing coefficient candidates (CELP suppressing coefficients to be used in
transform coding) that are search targets in the main selection search. That is, based on the estimated
distortion energy, main selection candidate g section109 preliminarily selects a predetermined 10

number of CEUR $88ptesEing EidtficiensambNg Bty of EELPSUppreéssing téeffitibrtd stored in
the CELP suagpressi’s:%coefficie ﬁcode book. Hereunfer, limitation methods 1 and 2 for the main

selection s&ateR LE iR Eefettioh! EARditikte dimiting setflor 109 are described. Hereunder, as one

Lexample, § fase is deﬁ%@?fd "N Xvshécif.'\"oi“ (=1 tod), [R70leMethod 13 eéfg?%rg%%%to
method I, apreliminary selection search is performed With respect to the largest coefiicient and the

smallest cogffiGigt pf ‘ih?e_%E%%S,V”vﬁ%ﬁﬁig‘@1%9c?tf¥i8i§” $Lds EQt%etﬁrnr?i’%l‘?% égastetl@% BSS/Rylty of the

CELP suppressing coefficient e estimated distortion energy Is larger being selected in the

main selectjon, search ig,smal; apd t@%%‘??(@ §'§?n$;r£]5'-'3 SUPPIESEINY CoefliGieRtip.question jspexcluded

from the main selection search to thereby reduce the 25workload in the main selection search.

[0071]The akgyg rpethadyis imRlerented as follows. Rirst. 2Rl 133:PGT estimated disforfipn.energies

for CELP suppressing coefficient indices j = 1 and j = 4 (that is, Ee[1] and Ee[4]) are inputted to main
selection candidatealipiingsectian #09 HE0A2M({I) Mairegalestion candidate limitingi sectionr 49

5compares Ee[1] and Ee[4].
on the estimated distortion energy, main selection candidate
limiting section 109 preliminarily selects a predetermined
100 number of CELP suppressing coefficients among a plurality of
CELP suppressing coefficients stored in the CELP suppressing
coefficient code book. Hereunder, limitation methods 1 and 2
for the main selection search at main selection candidate
limiting section 109 are described. Hereunder, as one
15 example, a case is described in which M =4 (j = 1 to 4).
[0070] <Method 1>
According to method 1, a preliminary selection search is
performed with respect to the largest coefficient and the
smallest coefficient of the CELP suppressing coefficients, it is
20 determined that the possibility of the CELP suppressing
coefficient for which the estimated distortion energy is larger
being selected in the main selection search is small, and
therefore the CELP suppressing coefficient in question 1s
excluded from the main selection secarch to thereby reduce the

25 workload in the main selection search.

[0071] The above method is implemented as follows. First,
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[0073](2)If heft]isless than Ee[4],main selection candidate limiting section 109 limits the main selection
search to the three kinds of CELP suppressing coefficients for j = 1, 2, 3. In contrast, if Ee[4] is less
than Ee[l], mpin sgdgatign 10candidate limiting section 109 limits the main selection search to the three
kinds of CELP suppressing coefficients for j = 2, 3, 4. [0074]The main selection search uses the three
CELP supg,res:sing cogfficients (CELP suppressing ¢ é%ﬁicient indices) 15for limiti Iﬁthe main
selection séatEh 8 niérT [0875]°PH S, SAmbh the Phrafity P EELP BEpSieEsig EbBfficients
that are stored,in CELP component suppressing.secti 4, main selection candidate ng.section 109
compares dﬁlgét‘frhatéd—di to?‘t’vib(ﬁ éner y@%@ﬂ a ?‘na%) \Paﬂ%% @ﬁlé’d ﬁnﬂn%uééﬁ%attgd
distortion enerq%wh“eln a minimumd\éalaletis Lfsled. in the above exa}rBBIe, compares the smallest index j

=1and theqnaargestS i%dfc')a()’(tjlg 2),C§nn exclides'd'C I?ng%{f)grlégslfng coefficient for which the estimated

gfé?f?g%%tesrﬁ%@/ 5 larg rlfioni\/fﬁ? I’iar%%t?ec%:fttﬂ?nmaé'hﬁ%f‘?@t&%_seﬂﬁ%ﬁ ?ﬁ{ngﬂs% §'r‘IP<E’£eS%"69)
group of main selection search). That is, by performing a preliminary selection search, the
2F111§5-ng]ﬁ%az[yg Stagggf p?ngig@t%sefpé{ ]the main selection search are reduced by one.
[0073] (2) If Ee|l] is less than Ee[4], main selection
candidate limiting section 109 limits the main selection search
to the three kinds of CELP suppressing coefficients for j = 1, 2,
3. In contrast, if Ee[4] is less than Ee[ll, main sclection
10 candidate limiting section 109 limits the main selection search
to the three kinds of CELP suppressing coefficients for j = 2, 3,
4.
[0074] The main selection search wuses the three CELP
suppressing coefficients (CELP suppressing coefficient indices)
15 for limiting the main selection search in this manner.
[0075] That is, among the plurality of CELP suppressing
coefficients that are stored in CELP component suppressing
section 104, main selection candidate limiting section 109
compares an estimated distortion energy when a maximum value
20 is used and an estimated distortion energy when a minimum
value is used (in the above example, compares the smallest
index j = 1 and the largest index j = 4), and excludes a CELP
suppressing coefficient for which the estimated distortion
energy is larger from the targets of the main selection search
25 (CELP suppressing coefficients group of main selection search).

That is, by performing a preliminary selection search, the
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[0076]At this time, in coding apparatus 100, the number of computations in the preliminary selection
search (number of 5 estimated distortion evaluations) is two (in the above example, two times forj =1
and 4), andthe msopenof computations in the main selection search is three (j=1,2 and 3, 0rj=2, 3,
and 4). At this time, if the workload for a single computation (the decreased amount) of transform
coding in the main 10 selection search is greater than a workload for two computations in the

preliminary $&¢ibn $8a%ht the dVRIAIRNVSTKIdE of WbBind i farattis abl fredUcdte foo?Ffrhus,

according to etho%} , a preliminary selection search is performed for only the required minimum
CELP 15 sﬁigéPe“s‘é. g coétfidients (in this case, two CELP suppressing coefficients that are a

maximum v d a minimum value). Further, in method 1, the CELPR suppressing coefficiept for
which the SCHAILE dtartoh S 16 e AT hS ehcts o e A o

search. This, compared (o, 20 hen,performing a sparch il reshect o, all CELP Shppressing
the h

coefficients in main selection search, the workload in coding apparatus 100 can be reduced while

suppregsing adeferigratigndn e guality of eaeeding, (9078l xMefhod 22 25according fg method 2, a

preliminary selection search is performed using all CELP suppressing coefficients, and the

2F11135-PGT, worklgad of the nain selgction pearghyis decreased oy linmiting themain selectign search
to CELP suppressing coefficients which have a high possibility of being selected in the main selection

search alsofhasef pmthe-astimnated distartinnienengye & AL this timey aqgandidate foy whigh the
estimated distortion energy is lowest is always left as a candidate for the main selection search.
Further, (onenef orhoth af) theiCElihsyppressingwoefiicients 0 indicesihdtcareonaxtioa Gl P
suppressing coefficient index assigned to the candidate that is 10 left are also left as a candidate for
the main sefeation dearcha¥hi$ isbecause) wheh CEkR stippressing coefficient inchces ate arranged
in ascending or descending order with respect to the degree of suppressing, the possibility of these
CELP suppsedsingicoefficienw cahdidates heirg selectedhasia candidaterkload  for two
computations in the preliminary selection search, the overall
workload of coding apparatus 100 is reduced.
[0077] Thus, according to method 1, a preliminary selection
search is performed for only the required minimum CELP
15 suppressing coefficients (in this case, two CELP suppressing
coefficients that are a maximum value and a minimum value).
Further, in method 1, the CELP suppressing coefficient for
which the estimated distortion energy is larger is excluded from
the targets of the main selection search. Thus, compared to
20 when performing a search with respect to all CELP suppressing
coefficients in the main selection search, the workload in
coding apparatus 100 can be reduced while suppressing a
deterioration in the quality of encoding.
[0078] <Method 2>

25 According to method 2, a preliminary selection search is

performed using all CELP suppressing coefficients, and the
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15 with respect to which the distortion energy is smallest at the time of the main selection search is
higher than that of CELP suppressing coefficient candidates other than the candidate with respect to
which the estimatedrdistortion energy is smallest and the candidates that are next to that candidate. 20
[0079] A case where two kinds of CELP suppressing coefficients are taken as search targets in the
main selection search will now be described as a method that performs the above described process.
[0080] The e¥firhatéd distortibheriBids tthht i &1 t6 5 Be4]) fot A CEDL shigpriddSigg
coefficients= | to 4) are inpurfted into main selection candidate limiting section 109. % -11135-PCT
[0081](1) MHIF seleitiBn canditiate ﬁmiﬁﬁ@’”s%%tio‘r?lo Ldarchdd P 1R& SHIdle & eStiStéd dibtortion

energy among the estimated distortion energies Ee[1] to Ee[4], and stores the CELP suppressing
coefficient ifc &Cglor?égﬁgno‘?ng@ogthe Bgr?%ﬁ%g gﬁimloafeg) i5 ogtiosne(iﬁé‘rlgeyc.I [dﬁéé_j&? I\/I‘gi%@election
candidate |IS[EIEIQ tsi%ctlon..1899%?}c;]r§tygare tglseeedstlrr}at ,ﬁlglstortlon etneecgg%s %orr?sgondln% to CEI,P

i o1, . , t . .
suppressing coe ficient indice are before and after (gtsbcl)m &nds of) the stored (?I?Ll-f’%ﬂppressmg

Coefficgentigd[exthis time, a candidate for which the estimated distortion
energy 1s lowest is always left as a candidate for the main
selection scarch. Further, (one of or both of)y the CELP
suppressing coefficients of indices that are next to a CELP
suppressing coefficient index assigned to the candidate that is

10 left are also left as a candidate for the main selection search.
This is because, when CELP suppressing coefficient indices are
arranged in ascending or descending order with respect to the
degree of suppressing, the possibility of these CELP
suppressing coefficient candidates being selected as a candidate

15  with respect to which the distortion energy is smallest at the
time of the main selection search is higher than that of CELP
suppressing coefficient candidates other than the candidate
with respect to which the estimated distortion energy is
smallest and the candidates that are next to that candidate.

20 [J0079] A case where two kinds of CELP suppressing
coefficients are taken as search targets in the main selection
search will now be described as a method that performs the
above described process.

[0080] The estimated distortion energies (that is, Ee[l] to

25  Eel[4]) for all the CELP suppressing coefficients (j = 1 to 4) are

inputted into main selection candidate limiting section 109.

33



10 (that is, the CELP suppressing coefficient index corresponding to the smallest estimated distortion
energy), and stores the CELP suppressing coefficient index with respect to which the estimated
distortion eRgrgy 15 gngller. [0083](3) Main selection candidate limiting section 109 15limits the CELP
suppressing coefficients group for the main selection search to two kinds of CELP suppressing
coefficients, namely, the CELP suppressing coefficient index stored in the processing of (1) (that is,
the CELP sh%sr%ééving doefficritiindexdortddPdhdingnd tiei malld st Estintatete distorion' 20énergy),
and the CELP suppressing coefficient index stored in the processing of (2). [0084]The two CELP
suppressing €defRtE QEERS SSuphtesdingséoBidient Mo P Whichthe CEIMP S BptaSsing

coefficients group has peen limited in this manner are used in 25the main selection search. [0085]That
is, among the Hmsﬁ&cﬁf EEle %Uﬁb?es%ﬂw@r%ﬁﬁlf‘seihﬁ “GoelfiEikhis sbhé A'CEEP cbhfoonent

suppressin\%ﬁﬁﬁg)on 104, main selqction caﬁdidate I_imitin%gsection 109 s ecifi?es a CELP s gressing
coefficient wi spe%flpo%ﬁi%ﬁlt‘ﬁ% estima &Cdigf&'tioﬁ% 6é’F(gy i& Sk s?&i étnéELIBOsupgﬁ ssing 5
coefficient) S‘”daﬁ%E{-% Ssygggetsggﬁ%ci:gtt—:‘gfirq[ieggl (seer(}:gpd CELP suppressing coefficient) with respect to
which the e$tifated’ distortion energy is smaller amonggt%'e CELP suppressing coefficients

correspondingg she CELR sugpressing gogtficient indices pefare ﬁf}gﬂffﬁrgthes%ﬁ%ﬁulo%eésmg

coefficient with 10respect to which the estimated distortion energy is smallest, as targets of the main

selection searehy, inyather; words, asa oredetaringd nymbeneh,GELE suppiessing cegfiicients, main

selection candidate limiting section 109 preliminarily selects a CELP suppressing coefficient (first CE

LP suppresgipg }b cegfficieqt with tespeet &g which;ihe estimated distertionsenaray isismadlest among
the plurality of CELP suppressing coefficients, and a CELP suppressing coefficient (second CELP

suppressing gpefficiany yith espeaat 40 yvbieh dhe estimated distortion enesayris sialleriaraerg two
CELP suppressing
10 (that is, the CELP suppressing coefficient index corresponding
to the smallest estimated distortion energy), and stores the
CELP suppressing coefficient index with respect to which the
estimated distortion energy is smaller.
{0083] (3) Main selection candidate limiting section 109
15 limits the CELP suppressing coefficients group for the main
selection search to two kinds of CELP suppressing coefficients,
namely, the CELP suppressing coefficient index stored in the
processing of (1) (that is, the CELP suppressing coefficient
index corresponding to the smallest estimated distortion
20 energy), and the CELP suppressing coefficient index stored in
the processing of (2).
[0084] The two CELP suppressing coefficients (CELP
suppressing coefficient indices) to which the CELP suppressing
coefficients group has been limited in this manner are used in

25 the main selection search.

[0085] That is, among the plurality of CELP suppressing
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20 coefficients corresponding to CELP suppressing coefficient indices before and after a CELP
suppressing coefficient index assigned to the CELP suppressing coefficient with respect to which the
estimated digtorfipngpergy is smallest. [0086]At this time, in coding apparatus 100, the number of
25computations (number of estimated distortion evaluations) is four (j = 1 to 4) in the preliminary
selection search, and the 2F11135-PCT number of computations in the main selection search is two.
In this caset if ¢Hé W EIdadFop 18E (Heckelidel &ATURD MANSISHY BdEiRG dperaisisam tHd thain
selection search is greater than the workload for four computations in the 5Spreliminary selection
search, theBiaralINFdAGAAA bf to8itgEhitarktisii00s Pedidad 1A dther Ryt Simiafyité hethod 1,
if the workload for one transform coding operation in the main selection searcplis greater tha

] a
workload fot WR& EBiddttionS S the 'sraiimitidry seféctionSeatén, the tRraliPiowbikibEd bF aoding
apparatus ]%QO is reduced. [0087]Thus, .according t meth%dsfz, altho % reliminary selection search
is performed 'tha? tAk8L all CELASppredsing gb%“l%i%ts 'féfsg}ets,u% %%LP%%B ressigdt
coefficients group.that is the target of.tt ain selection search is.Jimited to a 15 narr, rQuUp in
compa%?isoncgtl%#?rh%{ﬁgé Eftnig thaerébﬁ?/?f)gsésiﬁlggé ¥8ducé the wor 1I85%n|r%t & main %Oelec i%rl? search

more than 'Qun}])%tpgg s]i'l][goscs(lAel§9f AR {qmgvtiot H‘ef*é%%%’c% CELPSHPRIESSIG cstimated
distortion energy is smaller among the CELP suppressing
coefficients corresponding to the CELP suppressing coefficient
indices before and after the CELP suppressing coefficient with
10 respect to which the estimated distortion energy is smallest, as
targets of the main selection search. In other words, as a
predetermined number of CELP suppressing coefficients, main
selection candidate limiting section 109 preliminarily selects a
CELP suppressing coefficient (first CELP  suppressing
15  coefficient) with respect to which the estimated distortion
energy is smallest among the plurality of CELP suppressing
coefficients, and a CELP suppressing coefficient {(second CELP
suppressing coefficient) with respect to which the estimated
distortion energy is smaller among two CELP suppressing
20 coefficients corresponding to CELP suppressing coefficient
indices before and after a CELP suppressing coefficient index
assigned to the CELP suppressing coefficient with respect to
which the estimated distortion energy is smallest.
[0086] At this time, in coding apparatus 100, the number of
25 computations (number of estimated distortion evaluations) 1s

four (j = 1 to 4) in the preliminary selection search, and the
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coefficient with respect to which the estimated distortion 20 energy is smallest and a CELP
suppressing coefficient with respect to which the estimated distortion energy is smaller among CELP
suppressinggpgficigpts corresponding to CELP suppressing coefficient indices at both ends of the
aforementioned CELP suppressing coefficient are the targets of 25the main selection search.That is,
in the preliminary selection search, CELP suppressing coefficients which have a 2F11135-PCT high
possibility of BB detefmineth adt Aatdptimal OEL P Suppléssing Eoetident JCEL P sugpréssing
coefficient with respect to which the distortion energy is smallest) in the main selection search are
searched fdill HéHd&, abédrtiing'to méthodVs Bk kP @spkRisorf th% chd& bF paibFmirfgkosEitéh with
respect to all CELP suppressing coefficients in the main select on search, the workload in cqoding

apparatus 166 £8h B tediic8dtehild BApAdssiny d Betttibrativhiih ti€ Huality 8f ehcolfmy. (dosg]

Note that, in method Z,tﬁain selection ca ngat 1 Iimiti%% section 109 may .also specify a CELP
suppressing Eo&fficient Wit redféct &' WACHAE estitfatedHistortion eREFR i dhiallddt (for'Example,

CELP suppressing coefficient index j) among a plur HLt of CELP, suppressing coefficients, stored in
CELP LBt blesont S 104 Sha B eRlp 1S S b R U

example. CELR suppresying cpefieigntingices fir 1 and i 1D conssponging 19 CELE yppressing

coefficient indices before and after the CELP suppressing coefficient with respéct to which t

estimated djstoftjon epergy, is.ymaliest a5 tgrgets; of, therain S@l?&"ﬂﬂ'% 29:ep4¢h, 1 qther yords,

main selection candidate limiting section 109 may also preliminarily select'a CELP suppressing

coefficient with;respect 4@ whigh the gatimated disterfion-engigyis gmallestiamang arplurality of CELP
suppressing coefficients and two CETI) suppressing coefficients 25corresponding to indices before

and after an inggxassignad tq the GEL B supprassing ceeffisientovithsespedt, tonnhicky thera 11
2F11135-PCT
10 workload of coding apparatus 100 is reduced.
[0087] Thus, according to method 2, although a preliminary
selection search is performed that takes all CELP suppressing
coefficients as targets, the CELP suppressing coefficients group
that is the target of the main selection search is limited to a
15 narrower group in comparison to in method 1. [t is thereby
possible to reduce the workload in the main selection search
more than in method 1.
[0088] Also, according to method 2, a CELP suppressing
coefficient with respect to which the estimated distortion
20 energy is smallest and a CELP suppressing coefficient with
respect to which the estimated distortion energy is smaller
among CELP suppressing coefficients corresponding to CELP
suppressing coefficient indices at both ends of the
aforementioned CELP suppressing coefficient are the targets of

25 the main selection search. That is, in the preliminary

selection search, CELP suppressing coefficients which have a
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estimated distortion energy is smallest as the predetermined number of CELP suppressing
coefficients. [0090]In the foregoing, methods 1 and 2 for limiting a CELP suppressing coefficients
group that Sﬁgr%?%g%ﬁarget of the 5main selection search at main selection candidate limiting section
109 are described.As described above, according to method 1, by broadening the range of targets of
the main selection search in comparison to method 2, it is possible to further reduce a degradation in
the performangé of P midinli0selectiorbsdargh tHattisrcaasedi by disnitiny the natgess of thie lnddin
selection search.On the other hand, according to method 2, the workload in the main selection search
can be decredBed furthdrecormpardd €8 $wdthdd ] F[bdd11ThES 1 Todirty apparbtis LEOT, inwHéh
preliminary 15selection search, estimated distortion evaluating section 108 outputs CELP suppressing
coefficient iBItRSE taf AretakEN abisealdh targeR in T pliminadyseldétidn searéh to CRLP
component suppressing section 104. As a re%ult a transform coding estimated residual spectrum for

each CELPSUHTEE8M oSS0 o ffidiEnt Mkl fptited to'd&thsted BkEitoR &vifudBfgEetion 108,

and estimated distortion evaluating section 108 calculates an estimated distortion ener
cormespondiny {dleAHTBEL P Pptsing LoSAbleIAISL ELkber. Mt SAledlbeardiBS® imiting

section 109,mis,fre CEW, suppressing 2ogoeficery Priges,that areyg be faken a8 sgaigh fargets n

search, the workload in coding apparatus 100 can be reduced
while suppressing a deterioration in the quality of encoding.
[0089] Note that, in method 2, main seclection candidate
10 limiting section 109 may also specify a CELP suppressing
coefficient with respect to which the estimated distortion
energy is smallest (for example, CELP suppressing coefficient
index j) among a plurality of CELP suppressing coefficients
stored in CELP component suppressing section 104 and a CELP
15 suppressing coefficients group (for example, CELP suppressing
coefficient indices [J — 1] and [} + 1] correspondiné to CELP
suppressing coefficient indices before and after the CELP
suppressing coefficient with respect to which the estimated
distortion energy is smallest as targets of the main selection
20 search. In other words, main selection candidate limiting
section 109 may also preliminarily sel.ect a CELP suppressing
coefficient with respect to which the estimated distortion
energy is smallest among a plurality of CELP suppressing
coefficients and two CELP suppressing coefficients
25 corresponding to indices before and after an index assigned to

the CELP suppressing coefficient with respect to which the
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main selection search for actually performing a distortion 2F11135-PCT evaluation using transform
coding, based on the estimated distortion energy. In other words, in coding apparatus 100, in the
preliminary {T?E%?Tmh' CELP suppressing coefficients with respect to which it is expected
(estimated) that the istortion energy due to transform coding will be smaller in the main selection
search are specified. [0092]Next, in coding apparatus 100, in the main selection search, transform
coding sectiort G pedordis transform cading uising oniy aHé GELR suppressing Cobfficien ablices
group that 10 is specified by main selection candidate limiting section 109, and distortion evaluating
section 112npeFdrds alséakch Hos 8 IOBLP sUpBrésBndg coetfitiént with respect to which the distortion
energy is smallest. A CELP suppressing coefficient index corresponding to the CELP suppressing
coefficient WY 1B Irespactidswvhrictag tidortiv s dhrfgy s snsiest f9 fhéhraafpatged%téﬁgwpmxmg
section 113, and the relevant CELP suppressing coefficient index is transmitted to decoding apparatus

200 as one PEPIGFCHHEYEdatd 6 EbBIH S paratUsPL 0T 2b[G093  Phatds, dbchfdiRg to Me phesent

embodiment, codin aratus 100 statjstically estimates pulse.positions tp.be encoded.by transf
coding’ caldlins Sx P Astortof eherblesti bre Sttt at S et fid DUASbB&tons,

and Iimits_ aS%I(-::%P snup{)be&_siggecoc?ffici%gi}s]&ﬁpup ngt Efeas tcalrggt af_zasbacm%in s?,lecl%%tiro .Sear h to CELP
suppressing coetfidients with respe%??ow ich the’ e&timated’ distortich energy I1s smaller 5F11 35-PCT

method 1, by broadening the range of targets of the main
selection search in comparison to method 2, it is possible to
further reduce a degradation in the performance of the main

10 selection search that is caused by limiting the targets of the
main selection search. On the other hand, according to method
2, the workload in the main selection search can be decreased
further compared to method 1.
[0091] Thus, in c¢oding apparatus 100, in the preliminary

15 selection search, estimated distortion evaluating section 108
outputs CELP suppressing coefficient indices that are taken as
secarch targets in the preliminary selection search to CELP
component suppressing section 104, As a result, a transform
coding estimated residual spectrum for each CELP suppressing

20 coefficient index is inputted to estimated distortion evaluating
section 108, and estimated distortion evaluating section 108
calculates an estimated distortion energy corresponding to each
CELP suppressing coefficient index. Further, main selection
candidate limiting section 109 limits the CELP suppressing

25 coefficient indices that are to be taken as search targets in the

main selection search for actually performing a distortion
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(preliminaryselectionsearch).Subsequently,coding apparatus 100 performs transform coding on each
of the CELP suppressing coefficients that remain after limiting the candidates in the preliminary
selection seﬁgi:hfﬁ?éﬂﬁtermines a CELP suppressing coefficient with respect to which the energy
(distortion energy) of a residual signal is smallest (main selection search). [0094]Thus, only CELP
suppressing coefficients with respect to which the distortion energy is expected to be small are taken
10 as targetsviot thel eain setectipn seanciirrthe prelimingry Sefectidn search and:hénesthednumber
of times of performing transform coding is reduced in coding apparatus 100. In this case, as described
above, in théipralintiraty salecdon searche itis possibiésforithecastiimetingaf puige posifléhs in pulse
15position estimating section 106, the calculating of a transform coding estimated residual spectrum in
estimated plllse Bt hUBiRRSSCtisH 1071 aRdstha allculatinly Bf atdidtéfivhi Bfergy 5 et ated
distortion evaluating section 108 to be performed with a smaller workload than when performing the 20
correspondifig {ProcessmgSh trafsfoih iédtingtsettiort e fidite, G tiinGeLCELP SUppRsssing

coefficients group that is to be the target of the main selection search in advance jn the preliminary
selection searth fd WhrkidS4SH ¢ Biﬁgtgpb%\?&ﬁol@a cafl @H‘%d‘d&ég %ecogrﬁb%ir?s%% 6w

performing 25§2alpsf85rgCcolcgli%gg%%crecsf?ivaerl)éfosralflzc(:)E f auppressing coefficients. 2F11135-PCT
[0095]In addition, the prefimlnary 881&¢tiSN sedichy Ls' the candidates as targets for the main selection

search to ofly(GELP suppressing cosfigients,aespenging g the estimated ciortian epery
expected to'be small, i.e., to only C

search, transform coding section 110 performs transform coding
using only the CELP suppressing coefficient indices group that

10 is specified by main selection candidate limiting section 109,
and distortion evaluating section 112 performs a search for a
CELP suppressing coefficient with respect to which the
distortion energy is smallest. A CELP suppressing coefficient
index corresponding to the CELP suppressing coefficient with

15 respect to which the distortion energy is smallest is then
outputied to multiplexing section 113, and the relevant CELP
suppressing coeffictent index is transmitted to decoding
apparatus 200 as one part of coded data of coding apparatus
100.

20 [0093] That is, according to the present embodiment, coding
apparatus 100 statistically estimates pulse positions to be
encoded by transform coding, calculates estimated distortion
energies that are estimated at the estimated pulse positions, and
limits a CELP suppressing coefficients group that is a target of

25 a main selection secarch to CELP suppressing coefficients with

respect to which the estimated distortion ecnergy is smaller
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5 suppressing coefficients having a high possibility that the corresponding distortion energy will be
evaluated as the smallest in the main selection search. This can suppress a deterioration in the quality
of encodingzgﬁj _Ib(yll-imiting the CELP suppressing coefficients group that is taken as a target of
10the main selection search. [0096]Hence, according to the present embodiment, in a coding method
which combines coding suitable for a speech signal with coding suitable for a music signal in a layer
structure, il pomjarisoa 1o a metHed thatisuccessively)performs 18 s tosmidading witld respect to all
CELP suppressing coefficient candidates, a workload at a coding apparatus can be reduced while
suppressing BifetéfigratibA th therdediysofléAecding NoCITINBE that, fitthe sréséheembodiment,
with respect to 20 values that are also used when performing the main selection search (for example,
a CELP residuP §ightl $Bectitirt 6f thé dikey amidhdithe Valliéd Ralcdihtéd at tH& & &f thé bfeliminary
selection search, the values calculated at the time of the preliminary selection search may be utilized

without beifd: 35retaldiiatéd Ht the tifnd Br th mait SefeCtdh &R Thid! th te Eb8ING apphratus,
the WorkloaggtLt e time of the,main ZE% 135-PtCT se ection search can ?ef rthg}: reduced.
[0098]€Emb |mentsil)ppre FiE'8i§4 oéﬁlﬁggra“rﬁ s o%?ﬁéjg%ainoc% kl]ﬁ ti eofeéb(afrgd/
apparatus %q a co{ding to %rgibodilnegtfz %f three present in\S{%ntliloaq. IniFIGS; 3] tPFeS.;%m com onents
as in Embodiment 1 {IQI . f) are &S igned the same re erenceumerals and 3escr“|ptio s will be
omitted. Cogding W&ﬁagjesa?f%(?ﬁhown in FIG. 3 differs from coding apparatus 100 shown in FIG. 1 in
that target signal feature extracting section 301 is

[0094] Thus, only CELP suppressing coefficients with respect
to which the distortion energy is expected to be small are taken
16 as targets for the main selection search in the preliminary
selection search, and hence the number of times of performing
transform coding is reduced in coding apparatus 100. In this
case, as described above, in the preliminary selection search, it
is possible for the estimating of pulse positions in pulse
15 position estimating section 106, the calculating of a transform
coding estimated residual spectrum in estimated pulse
attenuating section 107, and the calculating of a distortion
energy in estimated distortion evaluating scction 108 to be
performed with a smaller workload than when performing the
20 corresponding processing in transform coding section 110.
Hence, by limiting a CELP suppressing coefficients group that
is to be the target of the main selection search in advance in
the preliminary selection search, the workload in coding
apparatus 100 can be reduced in comparison to when performing
25 transform coding successively for all CELP suppressing

coefficients.
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10added to coding apparatus 100.Further, the fact that feature information that is outputted from target
signal feature extracting section 301 is added as an input signal to pulse position estimating section
302 and es:?'éﬂxga1 rﬂlﬁe attenuating section 303 is different from Embodiment 1. 15[0099]In coding
apparatus shown'in FIG. 3, target signal feature extracting section 301 extracts a feature of the
relevant target signal using a CELP residual signal spectrum (target signal) that is inputted from CELP
residual sigh@P$pettruim calddlatingnsedtion 106! RO[0100JHerd, cast one examply, hicasksinivhich FPC
(Factorial Pulse Coding) is used as transform coding will be described. In FPC, there is a characteristic
that the nuraberdofdnilsés that éan betencbeled Wicredases whes \aribtions incthecdmpliuderdha
spectrum that is the target of encoding (here, a CELP residual 25signal spectrum) are small, and the
number of fulsed’thal 84 Bé Ertedéd® 8étisases when Vaiiations!ithe Emplitade of theated
2F11135-PCT spectrum that is the target of encoding are large.For example, in a target signal in which
energy is cOriceRFaicdin Grtetin bahb Stheunter B puidBe Encobiéd by P ddéredsEdbhile in a

target signal in which energy is dispersed ovey all the bands, 5the numbey of pulses encoded by FPC
increases. (D121 OHBANCTAR I KodhAd appHtaHE00, (b Blov@0 551 D111ty that  the

corresponding distortion energy will be evaluated as the
smallest in the main selection search. This can suppress a
deterioration in the quality of encoding caused by limiting the
CELP suppressing coefficients group that is taken as a target of
10 the main selection search.
[0096] Hence, according to the present embodiment, in a
coding method which combines coding suitable for a speech
signal with coding suitable for a music signal in a layer
structure, in comparison to a method that successively performs
15 transform coding with respect to all CELP suppressing
coefficient candidates, a workload at a coding apparatus can be
reduced while suppressing a deterioration in the quality of
encoding.
[0097] Note that, in the present embodiment, with respect to
20 values that are also used when performing the main selection
search (for example, a CELP residual signal spectrum or the
like) among the values calculated at the time of the preliminary
selection search, the wvalues calculated at the time of the
preliminary selection search may be utilized without being
25 recalculated at the time of the main selection search. Thus, in

the coding apparatus, the workload at the time of the main
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described feature of a target signal (CELP residual signal spectrum) is extracted, and the number of
pulses to be encoded by FPC can be predicted based on the extracted feature.That 10is, in the
preliminary %Eﬁ?g%[ﬁ@?mh' it is possible to accurately estimate pulse positions of a target signal.
[0102]According fo the present embodiment, target signal feature extracting section 301 extracts a
ratio between an average value of amplitudes of a target signal and a maximum 15value of the
amplitudes as Iz fedture of the targensignal Murespecifleatly dtarget signal feature extracting section
301 calculates average value lavg of the amplitudes of the target signal in accordance with equation I.
Further, tard€tdstghhl fedtund extiasting settion 301 takes a maximum value of 20 absolute value
amplitudes of the target signal as tmax. Here, the larger the value of tmax/lavg is, the higher the
possibility is that endrbf is tohteftrlsttih sldardin BpacHicthHhd. That tHé | §eritheWEllieodt
tmax/lavg is, the higher the possibility is that there are large variations in the spectrum.
25101031H@Ace: 1612 fargd? RAKR Btmaffavg Cardétisignal featubeexttaBting 'seétion 304 ©
determénes to reduce the numher 2F11

present invention. ES-F?E 3, the same components as in
Embodiment 1 (FIG. 1) are assigned the same reference
numerals and descriptions will be omitted. <Coding apparatus
300 shown in FIG. 3 differs from coding apparatus 100 shown in
FIG. 1 in that farget signal feature extracting section 301 is

10 added to coding apparatus 100. Further, the fact that feature
information that 1is outputted from target signal feature
extracting section 301 is added as an input signal to pulse
position estimating section 302 and estimated pulse attenuating
section 303 is different from Embodiment 1.

15 [0099] In coding apparatus 300 shown in FIG. 3, target signal
feature exiracting section 301 extracts a feature of the relevant
target signal using a CELP residual signal spectrum (target
signal) that is inputted from CELP residual signal spectrum
calculating section 105.

20 [0100] Here, as one example, a case in which FPC (Factorial
Pulse Coding) is used as transform coding will be described.
In FPC, there is a characteristic that the number of pulses that
can be encoded increases when variations in the amplitude of a
spectrum that is the target of encoding (here, a CELP residual

25 signal spectrum) are small, and the number of pulses that can

be encoded decreases when variations in the amplitude of the
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of pulses of the target signal estimated in the preliminary selection search. On the other hand, since a
smaller value of tmax/lavg results in a higher possibility that energy is dispersed over all the bands,
target signa#ﬁzﬁgrsq}@g&racting 5 section 301 determines to increase the number of pulses of the
target signal estimated In the preliminary selection search. Therefore, in accordance with the value of
tmax/lavg, target signal feature extracting section 301 generates information relating to the number of
pulses of thepargetsigne tHat is 1iDpredicted anfthenlbasis ofether fedturg of theltargetsignallas feature
information K in accordance with equation 8. [8] {1.1 t max/ lavg > rch K =0.9 t max/ lavg < d...
(Equation 8)r.Gothergise [0k04iHere, ivhhiscdpeset thresholdvaluenfor detdrmimiry dsnwhisther or
not to decrease the number of pulses that are estimated in the preliminary selection search (pulse
position estihddtihg $8¢€tiohi30RE arifKpis & preset tHrdstbld valbi® for dewimining whettér 68 not to
increase the number of pulses that are estimated in the preliminary selection search. 20[0105]Pulse
position estinbfifi§ Sbctihiz02 Bstimbicdp§a€ pasitibhsbshmated prilse pdditiorss t& B& éhcoded by
transform coding section 110 using the CELP residual signal spectrum (target signal) inputted from
CELP residtiafsiyRat B5dctind ARGy Settidn ABsan ré8kks itdfmation K 2F11135-PCT

inputted from target signal feature extracting section 3Q1. More specifically, pulse position estimating
section 302 JsL Hrestild QAEI] SRowr eGisHdED PERAG Saubiih 3 the: i& heciF

Embodlmen({els@yf%eeeosglon estlmagl]pg 85Lsect|0n ]tOQ'ignal (CELP residual signal

gature targe
spectrum) is extracted, and the number of pulses to be encoded
by FPC can be predicted based on the extracted feature. That
10 is, in the preliminary selection secarch, it is possible to
accurately estimate pulse positions of a target signal.
[0102] According to the present embodiment, target signal
feature extracting section 301 extracts a ratio between an
average value of amplitudes of a target signal and a maximum
15 wvalue of the amplitudes as a feature of the target signal. More
specifically, target signal feature extracting section 30]
calculates average value lavg of the amplitudes of the target
signal in accordance with equation 1. Further, target signal
feature extracting section 301 takes a maximum value of
20 absolute value amplitudes of the target signal as tmax. Here,
the larger the value of tmax/lavg is, the higher the possibility
is that energy is concentrated in a certain specific band. That
is, the larger the value of tmax/lavg 1is, the higher the
possibility is that there are large variations in the spectrum.
25 [0103] Hence, for a larger value of tmax/lfavg, target signal

feature extracting section 301 determines to reduce the number
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191 Ithr[j] = lavg[j]+01( ... (Equation 9) [0106]That is, in equation 9, the value of (3 is adaptively
corrected for each frame depending on the value of feature 10 information K (0.9, 1.0, 1.1), to thereby
adaptively cﬁc'mt[%gjﬁeflmber of pulses selected in pulse position estimating section 302. In other
words, as shown'ii equation 9, pulse position estimating section 302 corrects Embodiment 1 (equation
3) using feature information K inputted from target signal feature 1 Sextracting section 301.
[0107]Thereférepimnipelse pdsititre estimatirig segtion! 3025 whentthéreiis atiigh possibilitythatenergy
is concentrated in a certain specific band in the target signal (when tmax/lavg > Kh in equation 8),
since featuresihéermhatiors Kax ¢ 1., 138" bethmest20:13 h 3 14 and theeshiold wallieelthrfjjisicontriolled so
as to increase.Hence, in pulse position estimating section 302, the number of pulses that exceed
threshold vaRié Khf Yecregses! (9108j0nahe btlsdr HHand? irs pllsE pasiticrh astimifg SEctidf 302,
when there is a high possibility that energy is dispersed 25over all bands of the target signal (when
tmax/lavg <G#90s BYEdtidhve)! sitble féaturd Htdrnatidn ket 059 2712 bebppidsrga extracting

§ section 301 determines to increase the number of pulses of the
target signal estimated in the preliminary selection search.
Therefore, in accordance with the wvalue of tmax/lavg, target
signal feature extracting section 301 generates information
relating to the number of pulses of the target signal that is

10 predicted on the basis of the feature of the target signal as
feature information K in accordance with equation 8.

[8]

1.1 tmax/lavg > kh
K = 4109 imax/lavg <xl ... (Equation 8)
1.0 otherwise

[0104] Here, xh is a preset threshold value for determining

15 whether or not to decrease the number of pulses that are
estimated in the preliminary selection search (pulse position
estimating section 302), and «xl is a preset threshold value for
determining whether or not to increase the number of pulses
that are estimated in the preliminary selection search.

20 [0105] Pulse position estimating section 302 estimates pulse
positions (estimated pulse positions) to be encoded by
transform coding section 110 using the CELP residual signal
spectrum (target signal) inputted from CELP residual signal

spectrum calculating section 105 and feature information K
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2F11135-PCT * 0.9" and threshold value Ithr[j] is controlled so as to decrease.Hence, in pulse position
estimating section 302, the number of pulses that exceed threshold value Ithr[j] increases. [0109]In
other Wordm? ?@/la\/g > tch in equation 8 5 en variations in the spectrum are large), pulse
position es ﬁé" ection 302 sets the estimated number of pulses to a low value, while when
tmax/lavg < kl in equation 8 (when variations in the spectrum are small), pulse position estimating
section 302 sets thedestimated numpet ofspylsed tofa highrvaluex t1@ dhatds, puksel pasitidn éstimating
section 302 sets the estimated number of pulses in accordance with the feature of the CELP residual
signal speclvlm cancbestiniated thye ppsitions job the mumbes tfipalsesghatcare set. Bdrexampie, pulse
position estimating section 302 sets the number of pulses so as 15to decrease as variations in the
amplitudesdfithe kedpectivéibanddiof iHe BELPTresiduat vighbd spécttamtinebast. OMo]Estimated
pulse attenuating section 303 uses the featureinformationinputtedfromtargetsignalfeature extracting
section 3013to Hitehuate tHe fectiuimfaindstifiated 0 pulé® pbsRiomOhBtias inplitidd Hdmulse
position estimating section 302 in the CELP residual signal spectrum that is inputted from CELP
residual sigﬁ%?%b%@tr&%%lculating section 105. [0111]More specifically, estimated pulse attenuating
section 25303 calculates transform coding estimated residual spectrum Cra in accordance with
equation 1d,9nllstead of equation 5 that

Ithr(jl = Javgljl+olj1*B*K ... (Equation 9)
[0106] That is, in equation 9, the value of P is adaptively
corrected for each frame depending on the value of feature
10 information K (0.9, 1.0, 1.1), to thereby adaptively control the
number of pulses selected in pulse position estimating section
302. In other words, as shown in equation 9, pulse position
estimating section 302 corrects Embodiment 1 (equation 3)
using feature information K inputted from target signal feature
15 extracting section 301,
[0107] Therefore, in pulse position estimating section 302,
when there is a high possibility that energy is concentrated in a
certain specific band in the target signal (when tmax/lavg > xh
in equation 8), since feature information K = 1.1, "B" becomes
20 "B * 1.1" and threshold value Ithr[j}] is controlled so as to
increase. Hence, in pulse position estimating section 302, the
number of pulses that exceed threshold value Tthr[j] decreases.
[0108] On the other hand, in pulse position estimating section
302, when there is a high possibility that energy is dispersed
25 over all bands of the target signal (when tmax/lavg < x! in

equation 8), since feature information K = 0.9, "f" becomes "J
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2F11135-PCT is used in Embodiment 1 (estimated pulse attenuating section 107). [10] Cralj][i] Cr[f][i]*
(@ RC) iflep[j][i] = 1.0 (15_1i5_ N) Cr[jJ[1]otherwise (15_i15_N) ... (Equation 510) [0112]That is in
equation 10 thigﬁ{ﬁ% f estimated residual count a is adaptively corrected for each frame depending
on the valug%]f L formation K (0.9,1.0, 1.1), to thereby adaptivelycontrolthedegreeof
attenuation(estimated 10 difference amount) in estimated pulse attenuating section 303. In other
words, as shown in"equatibn i0; estimadied pulsesatteriuafing sectiane3N3 coreetts &mbadimeant 1
(equation 5) using feature information K inputted from target signal feature extracting section 301.
15[0113]Therabye irs estimated: pulse attpndating sectiomi303s whentthege s athigh po8ibilify ¢hat
energy is concentrated in a certain specific band in the target signal (when tmax/lavg > xh in equation
8), since feature information I es1th 24" decomeés tafe sl @ahd a differehtlerdt therestiarted pulse
position is

[0109] In other words, when tmax/ITavg > xh in equation 8§

S (when wvariations in the spectrum are large), pulse position
estimating section 302 sets the estimated number of pulses to a
low wvalue, while when tmax/lavg < «xl in equation 8 (when
vartations in the spectrum are small), pulse position estimating
section 302 sets the estimated number of pulses to a high value.

10 That 1s, pulse position estimating section 302 sets the
estimated number of pulses in accordance with the feature of
the CELP residual signal spectrum, and estimates the positions
of the number of pulses that are set. For example, pulse
position estimating scction 302 sets the number of pulses so as

15 to decrease as variations in the amplitudes of the respective
bands of the CELP residual signal spectrum increase.

[0110] Estimated pulse attenuvating section 303 wuses the
feature information inputted from target signal feature
extracting section 301 to attenuate the spectrum at estimated

20  pulse positions that are inputted from pulse position estimating
section 302 in the CELP residual signal spectrum that is
inputted from CELP residual signal spectrum calculating
section 105.

[0111] More specifically, estimated pulse attenuating section

25 303 calculates transform coding estimated residual spectrum

Cra in accordance with equation 10, instead of equation 5 that
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20 controlled so as to decrease further. On the other hand, in estimated pulse attenuating section 303,
when there is a high possibility that energy is dispersed over all bands of the target signal (when
tmax/lavg < xl.in equation 8), since feature information K = 0.9, "a" becomes "a/0.9" and a difference
at 25the es o position is controlled so as to increase 2F11135-PCT further. [0114]In other
words, when tmax/lavg > ich in equation 8 (when variations in the amplitude of the spectrum are
large), estimategspulse attényatingiseetion 303 inarsasasthedeptee ot 12 attanuation ettie spectrum,

while when tmax/lavg < id in equation 8 (when variations in the amplitude of the spectrum are small),
estimated puls@Jattenuating section 303 decreases the degree of attenuation of the spectrum. That is,
estimated pulse attenuating section 303 sets the degree of attenuation of 10 the CELP residual signal
spectrum s¢ b8 }o increase as variations in the amplitude of respective bands of the CELP residual
signal spectrum increase. [0115]In other words, an SNR that is calculated according to an
estimated value of a differangegjiajtransionm gorislg lis 1 EoRdaptively<changed depending on variations in
an amplitudé st iBlspect um.'l&lgfﬁt}l]R at this tmglj‘%iggprﬁsgrﬁtg%y equation 11.([Eguation
5 10}

[0112] That is, in equation 10, the value of estimated residual

count o is adaptively corrected for each frame depending on the

value of feature information K (0.9, 1.0, 1.1)., to thereby

adaptively control the degree of attenuation (estimated

10 difference amount) in estimated pulse attenuating section 303,

In other words, as shown in equation 10, estimated pulse
attenuating section 303 corrects Embodiment 1 (equation 5)
using feature information K inputted from target signal feature
extracting section 301.

15 [0113] Thereby, in estimated pulse attenuating section 303,
when there is a high possibility that energy is concentrated in a
certain specific band in the target signal (when tmax/lavg > «xh
in equation 8), since feature information K = 1.1, "a" becomes
"a/1.1" and a difference at the estimated pulse position is

20 controlled so as to decrease further. On the other hand, in
estimated pulse attenuating section 303, when there is a high

possibility that energy is dispersed over all bands of the target

signal (when tmax/lavg < «l in equation 8), since feature

1 "

information K = 0.9, "a" becomes "a/0.9" and a difference at

25 the estimated pulse position is controlled so as to increase
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SNR =-20.10gio(x )... (Equation 11) 20[0116]In this manner, coding apparatus 300 adaptively controls
the number of pulses that are encoded in transform coding section 110 and a difference of the pulses
(degree of %%%W?é;%&f estimated pulse attenuating section 303) in accordance with a feature (in this
case, a variati nax/lavg) 25in an amplitude of a spectrum) of a target signal (CELP 2F1 11
35-PCT residual signal spectrum).As a result, in coding apparatus 300, a distortion energy at a pulse
position estfiuatéd:ta undergo encoding in transform coding section 110 can be estimated more
accurately than in Embodiment 1.Further, 5 similarly to Embodiment 1, in coding apparatus 300, the
estimating ¢fleistirnpted pulse positiensy the caldutatingroha tramsform cading estimatediresidal
spectrum in estimated pulse attenuating section 107, and the calculating of distortion energies in
estimated distdrtion evaluatingnsection ti08 can péi 10derfarinediwitly assmialien warkiodthan when
performing the corresponding processing in transform coding section 110. [0117]Hence, according to
the presenté&rhbadifeht it & eoditig mietHdd whict tbpribindsicdding Surable for alsgeeeh signal with
coding suitable for a music signal in a layer 15 structure, relative to Embodiment 1, it is possible to
reduce’a wérkisad at &%dbding apparatisswhel Bompaiddo & methodtiat slid¥dssively perfBrms
transform coding with respect to all CELP suppressing coefficient candidates, while further

suppressing 4 atéfidrafiod & quARy Yriedtddidy the amplitude of ‘the spectrum

are small), estimated pulse attenuating section 303 decreases
the degree of attenuation of the spectrum. That is, estimated
pulse attenuating section 303 sets the degree of attenuation of
10 the CELP residual signal spectrum so as to 1increase as
variations in the amplitude of respective bands of the CELP
residual signal spectrum increase.
[0115] In other words, an SNR that 1s calculated according to
an estimated value of a difference in transform coding 158
15 adaptively changed depending on variations in an amplitude of
the spectrum. The SNR at this time is represented by equation

11.
[11]

SNR=m20-Eogw(%) ... (Equation 11)

20 [0116] In this manner, coding apparatus 300 adaptively
controls the number of pulses that are encoded in transform
coding section 110 and a difference of the pulses (degree of
attenuation in estimated pulse attenuating section 303) in
accordance with a feature (in this case, a variation (tmax/lavg)

25 in an amplitude of a spectrum) of a target signal (CELP
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20 [0118] Note that, although according to the present embodiment, a case is described in which a
variation in an amplitude of a spectrum is used as a feature of a target signal, the present invention is
not limited to a case where a variation in an amplitude of a spectrum is used as a feature of a target
255ignaI.Fo%Fe]>gelr}1Sp'Fé(,3£ tone feature of a target signal may also be used as a feature of a target
signal.As used herein, the 2F11135-PCT term "tone feature" refers to an indicator that shows a size of
a peak of a;specinun ok agsizel ofsg dynamis rangei Fonexagmplét it isrpossildliente massuie: aratio of the
geometric mean to the arithmetic mean of a target signal or an absolute value thereof, 5and determine
that the toné deature isdiighdat the ratie iscalgse ta 0. More speeifigadly,iin cadingsapperatus 300 shown
in FIG. 3, target signal feature extracting section 301 measures a tone feature of a target signal.
Further, pulse pesition estintading sedtion 802rsefs the numbergf paksesismas td dectease s the 10
tone feature increases. For example, it is sufficient for pulse position estimating section 302 to set a
threshold valaiei 1 atladgemalue whenutie tehe feidtdre of theander dignaitd high, to teréby perform
control to decrease the estimated number of pulses, and to set the threshold value to a small value
when the 15tdRélfeatire b9 thérpeddighanis lolw, td theredy etformPdbmtidl ¥6 incrB&se thie
estimated number of pulses. Further, estimated pulse attenuating section 303 sets the degree of
attenuation o the® EEIFE redfdua SIghaf §echrtint So RS t thease Hthé tS& Hdité intfedses. That
is, it is sufficient 20 for estimated pulse attenu?]%ng sectfi{m 03to %erform control so as to decrease
atte

an estimated fe5dddIBoeffiefeHt &incFedd Rt degree®s udton) dritfiheldby Fedd8E Fesidual

signal (difference) when a tone feature of the target signal js high, and to.perform control so as to
erease arP A atoh G AT Aa eAER, (Hicredibinb o BLCH HAE iy it ety

increase a regidual sianal (ATference) ynen 2 JenR fsatie Pl ATh #3338 Hon 108 can be

10 performed with a smaller workload than when performing the
corresponding processing in transform coding section 110.
[0117] Hence, according to the present embodiment, in a
coding method which combines coding suitable for a speech
signai with coding suitable for a music signal in a layer

15 structure, relative to Embodiment 1, it is possible to reduce a
workload at a coding apparatus when compared to a method that
successively performs transform coding with respect to all
CELP suppressing coefficient candidates, while further
suppressing a deterioration in the quality of encoding.

20 [0118] Note that, although according to the present
embodiment, a case is described in which a wvariation in an
amplitude of a spectrum is used as a feature of a target signal,
the present invention is not limited to a case where a variation
in an amplitude of a spectrum is used as a feature of a target

25 signal. For example, a tone feature of a target signal may also

be used as a feature of a target signal. As used herein, the
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the target signal is low.Thus, even when using a tone feature as the feature of the target signal, the
same effect as that of the present embodiment can be obtained. [0119]Further, for example, a noise
feature of a target signal 5 may also be used as a feature of the target signal. As used herein, the
term "noise%gé%&?’é“gé%rs to an indicator that shows the smallness of a bias of energy of a target
signal. For example, it is possible to divide a target signal into a number of bands and measure the

energy for aaghpand, padrdgtarmine A0that aipoigq fegture is High when thevesis,a small deggee of
dispersion with respect to the energy for each band. More specifically, in coding apparatus 300 shown

in FIG. 3, tasgetisigiakfeaiwetextractingsegtion 301angasiuesia naisefeaturg of the; tatget signal.
Subsequently, pulse position estimating 15section 302 makes a setting so that the number of pulses
increases astthe npise featretincieases For example, it 15 shfficient farcpulse pesiian wstithating
section 302 to set the threshold value to a small value when the noise feature of the target signal is
high to therebytperfermccontraktodficeedse ghe 20 estihatednumbercdfigulses, land th setthe,
threshold value to a large value when the noise feature of the target signal is low to thereby perform
controlsto redude disé estimated hanbéreoft pulsed eRunther, isstimatedi puldecatteniiating sdetion 303
makes a setting so that the degree of attenuation of the CELP residual 25signal spectrum decreases
as the noisé $efture Mcreases Thiatis it 1y sufficieht for estiffated pulse Aterdating seetibl 03
2F11135-PCT to perform control so as to increase an estimated residual coefficient (decrease the
degree of aftenttiBh} ahtEthéleBy Hate8sE Alietfdid Sigrat (HfFferditck) WKEr tHe BokelfeBture of the
target signal is high, and to perform control so as to 5decrease an estimated residual coefficient
(increase the d&Yrde drlatfeniitdh) ahtbihaleby detrbiss a Potldsal Biyhi @Ffeferidd) Whark the

noise feature of the target signal is_ low. Thus, even when using a noise feafure as a feature of a target
T2 i P h

signal, the S&H&'Ebct 8¢ that 'GF tHepra8eRPEhpBbiMentEan pg @5 o decrease as the

10 tone feature increases. For example, it is sufficient for pulse
position estimating section 302 to set a threshold value to a
large value when the tone feature of the target signal is high,
to thereby perform control to decrease the estimated number of
pulses, and to set the threshold value to a small value when the

15 tone feature of the target signal is low, to thereby perform
control to increase the estimated number of pulses. Further,
estimated pulse attenuating section 303 sets the degree of
attenuation of the CELP residual signal spectrum so as to
increase as the tone feature increcases. That is, it is sufficient

20 for estimated pulse attenuating section 303 to perform control
so as to decrease an estimated residual coefficient (increase the
degree of attenuation) and thereby reduce a residual signal
(difference) when a tone feature of the target signal is high,
and to perform control so as to increase an estimated residual

25 coefficient (decrease the degreec of attenuation) and thereby

increase a residual signal (difference) when a tone feature of
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10obtained. [0120]Embodiments of the present invention have been described above. [0121]in the
above embodiments, a case has been described in which it is assumed that, in the pulse position
estimating 15 section, a signal (CELP residual signal spectrum) that is input to the transform coding
section has%hUr%?éPQigtribution, and a threshold value (Ithr) is set for selecting frequencies having a
larger amplitude. However, when it can be assumed that a signal (CELP residual signal spectrum) that

is input to the 2Q drignstornceding sadtian hay a distribution athemthapia poemed distrikutian; ¢he pulse
position estimating section may set the threshold value (Ithr) in accordance with the relevant
distribution modeéle [@222juthef, eiceotdingeto the abdvet drabogliments fa cases2bimay afise:i which
the pulse position estimating section estimates the number of pulses that exceeds an upper limit of
2F11135-P@Tethe mumbeb ofipuisesita be éneodedatithe transform coding section. In this respect, the
pulse position estimating section may control the number of pulses that is estimated, by using the
relevant upp@rllinfid. Atkhis tinee,. tHe putseaposition B estinatingesdction mhyrexeiugetpslises dhat have
smaller amplitudes or may exclude pulses on a higher band side. Alternatively, in addition to the
above-Heschised arhpitullé ahd fikbqaendy bard ebpditibnsthe Y5U1s€ bositiohadstimatihg Eeeton may
link other conditions that can be calculated on the 10 basis of a feature of a signal to determine the
pulses to bd' &xélldled ! {oa 23fFURhertinithe abbdeEibodimEits, o €astThadbgénator that

shows the smallness of a bias of energy of a target signal. For
example, it 1s possible to divide a target signal into a number
of bands and measure the energy for each band, and determine
10  that a noise feature is high when there is a small degree of
dispersion with respect to the energy for each band. More
specifically, in coding apparatus 300 shown in FIG. 3, target
signal feature extracting section 301 measures a noise feature
of the target signal. Subsequently, pulse position estimating
15 section 302 makes a setting so that the number of pulses
increases as the noise feature increases. For example, it is
sufficient for pulse position estimating section 302 to set the
threshold value to a small value when the noise feature of the
target signal is high to thereby perform control to increase the
20 estimated number of pulses, and to set the threshold value to a
lfarge value when the noise feature of the target signal is low to
thereby perform control to reduce the estimated number of
pulses. Further, estimated pulse attenuating section 303 makes
a setting so that the degree of attenuation of the CELP residual
25 signal spectrum decreases as the noise feature increases. That

is, it i1s sufficient for estimated pulse attenuating section 303
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described where CELP suppressing coefficients are stored in a CELP suppressing coefficient code
book in an ascending or 15 descending order of the degree of CELP suppressing. However, when
using a method independent of the order of the storing, as a method of limiting suppressing coefficient
candidates,zt%]el @éLFCguppressing coefficients need not necessarily be stored in an ascending or
descending order. 20 [0124] The above embodiments employ CELP coding as an example of coding

suitable for evsppeeli signal chut the presentinventioncandissinplamentedisingd for examplg,
ADPCM (Adaptive Differential Pulse Code Modulation), APC (Adaptive Prediction Coding), ATC
(Adaptive Teansféimi €adingyl anck25ECX{EradsfprmaCodéd xaitatian),cand the damk effeetcan be
acquired. 2F11135-PCT [0125]A case has been described where the transform coding is employed as
an examplei okceding suitabie dorad mugiesighdl irf the albeve erhbadirhentsp bsit afimethioa: nody be also
applicable which can efficiently encode a residual signal between an input signal and a decoded signal
in a coding Hhethda@ saiRdble fema Spaéchisighal in the fleguercyf domairt Suched miethodlindades FPC
(Factorial Pulse Coding) and AVQ (Algebraic Vector Quantization), and the same effect can be
acquiréd. [(1267InARE abbvE TrhBUHifents décoting appatatleod Hbréeeive chied Hagd satputted
from coding apparatus 100 and 300, but the present invention is not limited thereto.In other words,
decoding afaraflld 288 #hh°dkbod8 By cbieddita odtBtEd fiom & coding!dpisaratus! édishble of

generating ¢cqQded data including coded data necessary for decoding, instead of 15coded data
generated hdhE 86%%?;@%%08?%@ ASparands 160 dhd oége target signal 1s low.

Thus, even when using a noise feature as a feature of a target
signal, the same effect as that of the present embodiment can be
10 obtained. |
[0120] Embodiments of the present invention have been
described above.
[0121] 1In the above embodiments, a case has been described
in which it 1s assumed that, in the pulse position estimating
15 section, a signal (CELP residual signal spectrum) that is input
to the transform coding section has a normal distribution, and a
threshold value (Ithr) is set for selecting frequencies having a
larger amplitude. However, when it can be assumed that a
signal (CELP residual signal spectrum) that is input to the
20 transform coding section has a distribution other than a normal
distribution, the pulse position estimating section may set the
threshold wvalue (Ithr) in accordance with the relevant
distribution model.
[0122] Further, according to the above embodiments, a case
25 may arise in which the pulse position estimating section

estimates the number of pulses that exceeds an upper limit of
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[0127]Although a case has been described with each embodiment as an example where the present
invention is implemented with hardware, the present invention can be 20implemented with software in
collaboration with hardware. [0128] Each function block employed in the description of each of the
aforementioriad emidédiments may typically be implemented as an LSI constituted by an integrated
circuit. These may be individual chips or partially or totally contained 250n a single chip."LSI" is

adopted herg butithis may also baieferreddo Bs "Iy 'c'systiam 4SIih'sUpes bSES o ultradiSly
2F11135-PCT depending on differing extents of integration. [0129]Further, the method of circuit
integration isertati bmited ta LBk $s anddmplamentatignusingydedicatad cisauibne of ggnetal iurpose
processors is also possible.After LSI 5 manufacture, utilization of an FPGA (Field Programmable Gate
Array) or a reegniigurablel processomishererdopnédctions laad s$ettings ofairalit bellsiiniae LSI €an be
regenerated is also possible. [0130]Further, if integrated circuit technology comes out to 10 replace
LSI's as a reslit of the adyanceméntoftsemicahtiuctdn techinatogy ot aderivalive othertethmology, it is
naturally also possible to carry out function block integration through this technology. Application of
biotectnologytisnalkst passibkec [0931] Tt discivsadardiclaganbsesPatdnt Applicaton No.albe r
2010-203657, filed on September 10, 2010, including the specification, drawings and abstract, is
incorporated @bt Géfeftncdl its éntipdtyde pulses on a higher band side.

Alternatively, in addition to the above-described amplitude and
frequency band conditions, the pulse position estimating
section may link other conditions that can be calculated on the

10  basis of a feature of a signal to determine the pulses to be
excluded.

[0123] Further, in the above embodiments, a case has been
described where CELP suppressing coefficients are stored in a
CELP suppressing coefficient code book in an ascending or

15 descending order of the degree of CELP suppressing.
However, when using a method independent of the order of the
storing, as a method of limiting suppressing coefficient
candidates, the CELP suppressing coefficients need not
necessarily be stored in an ascending or descending order.

20 [0124] The above embodiments employ CELP coding as an
example of coding suitable for a speech signal, but the present
invention can be implemented wusing, for example, ADPCM
{Adaptive Differential Pulse Code Modulation), APC (Adaptive
Prediction Coding), ATC (Adaptive Transform Coding), and

25  TCX (Transform Coded Excitation), and the same effect can be

acquired.
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Industrial Applicability 20[0132]The present invention can prevent deterioration of quality of encoding
and reduce amount of computation as an entire apparatus, and may be applicable to a packet
communication system,a mobile communication system, and so forth. 25 Reference Signs List
2F11135-Péﬁ'lﬂd])§/§311(150, 300 Coding apparatus 200 Decoding apparatus 101, 103, 204 MDCT
section 5102 CELP coding section 104, 205 CELP component suppressing section 105 CELP residual

signal spectrgnmcaljculating sestian 4060302 Fulserpasitionyastimating.sestion 07 n303Estingated
pulse attenuating section 10108 Estimated distortion evaluating section
is employed as an example of coding suitable for a music signal
in the above embodiments, but a method may be also applicable
which can efficiently encode a residual signal between an input
5 signal and a decoded signal in a coding method suitable for a
speech signal in the [Irequency domain. Such a method
includes FPC (Factorial Pulse Coding) and AVQ (Algebraic
Vector Quantization), and the same effect can be acquired.
[0126] In the above embodiments, decoding apparatus 200
10 receive coded data outputted from coding apparatus 100 and
300, but the present invention is not limited thereto. In other
words, decoding apparatus 200 can decode any coded data
outputted from a coding apparatus capable of generating coded
data including coded data necessary for decoding, instead of
15 coded data generated in the configuration of coding apparatus
100 and 300.
[0127] Although a case has been described with each
embodiment as an example where the present invention is
implemented with hardware, the present invention can be
20 implemented with software in collaboration with hardware.
[0128] Each function block employed in the description of
each of the aforementioned embodiments may typicaily be
implemented as an LSI constituted by an integrated circuit.
These may be individual chips or partially or totally contained
25 on a single chip. "LSI" i1s adopted here but this may also be

referred to as "IC," "system LSI," "super LSI,” or "ultra LSI"
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109 Main selection candidate limiting section 110 Transform coding section 111, 206 Adding section
112 Distortion evaluating section 15113 Multiplexing section 201 Demultiplexing section 202
Transform coding decoding section 203 CELP decoding section 207 IMDCT section 20301 Target
signal featu?g@%ﬁ’é&ﬁa section 2F11135-PCT CLAIMS Claim 1A coding apparatus comprising:

a first coding section that outputs a spectrum of a first decoded signal that is generated by decoding a

first code objtained pyna; first epcoding 06 anJdRRHE 8IgNAl; n t ¢ g SURRESSING section that suppresses
an amplitude of the spectrum of the first decoded signal using a suppressing coefficient that is

specified frgm among a plyrality Of syppressipgrceefficignts, tecganerateia suppiessed specyum; 10 a
residual spect u calculating section that calculates a residual spectrum using a spectrum of the input
signal and thiersupptessed. SPestruan d i neppreliminasy iseteclingrsectienithed preliminarily selects a
predetermined number of suppressing coefficients using the
or general purpose processors 1s also possible. After LSI
5  manufacture, utilization of an FPGA (Field Programmable Gate
Array) or a reconfigurable processor where connections and
settings of circuit cells in an LSI can be regenerated is also
possible.
{0130] Further, if integrated circuit technology comes out to
10 replace LSI's as a result of the advancement of semiconductor
technology or a derivative other technology, it is naturally also
possible to carry out function block integration through this
technology. Application of biotechnology is also possible.
[0131] The disclosure of Japanese Patent Application No.
15 2010-203657, filed on September 10, 2010, including the

specification, drawings and abstract, is incorporated herein by

reference in its entirety.

Industrial Applicability

20 [0132] The present invention can prevent deterioration of
guality of encoding and reduce amount of computation as an
entire apparatus, and may be applicable to a packet
communication system, a mobile communication system, and so
forth.

25

Reference Signs List

55



15 spectrum of the input signal and the residual spectrum, and specifies the preliminarily selected
suppressing coefficients to the suppressing section; and a second coding section that performs a
second encoding using a residual spectrum that is calculated by inputting into 20 the residual
spectrum cakblafiag’sdction a suppressed spectrum that is generated using the specified suppressing
coefficient in the suppressing section, and determines one suppressing coefficient among the specified
suppressinq W%fﬁ(jients using a spectrum of a second decoded signal that is generated by
25decoding a second code obtained by the second encoding, the suppressed spectrum and the

spectrum ofithg inpatsignak 2E1113%rPAT £laim 2The coding apparatus according to claim1,
wherein: the second coding section encodes a pulse thatis 5 generated with respect to the residual

spectrum imthe seearslancoding anghsearches for the suppressing coefficient with respect to which a
coding distortion caused by the second encoding is smallest; and the preliminary selecting section
further comprises:1iPan estimatingcsecter thathestimates a position of the pulse using the residual
spectrum; anattenuatingsection thatgeneratesanestimated residual spectrum by attenuating an
amplitude at the éslim&tedopbsitiors et:thie pulse in the residual spectrum;
104, 205 CELP component suppressing section
105 CELP residual signal spectrum calculating section
106, 302 Pulse position estimating section
107, 303 Estimated pulse attenuating section
10 108 Estimated distortion evaluating section
109 Main selection candidate limiting section
110 Transform coding section
111, 206 Adding section
112 Distortion evaluating section
15 113 Multiplexing section
201 Demultiplexing section
202 Transform coding decoding section
203 CELP decoding section
207 IMDCT section

20 301 Target signal feature extracting section
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15acalculatingsectionthatcalculatesanestimated distortion energy that is an estimated energy of the
coding distortion, using the estimated residual spectrum and the spectrum of the input signal; and a
candidate limiting section that preliminarily selects the 20 predetermined number of suppressing
coefficients HfhbhtptRE plurality of suppressing coefficients based on the estimated distortion energy.
Claim 3The coding apparatus according to claim 2, 25wherein: indices are assigned to the plurality of
suppressing 2F11135-PCT coefficients in an ageending qr descending order with respect to a degree
of suppressing; and among the suppressing coefficients that correspond to a largest index and a

smallest indexqthe candidate ligniting, sectiop axcludes 8 .syparessing coefficient with respect to which
the estimated distortion energy is larger, from the predetermined number of suppressing coefficients.

Claim 4The coding appasattiscaceonding ¢ elaim tondersin: p ut singlicascarerasaigned 4o thesplurality
of suppressing coefficients in an ascending or descending order with respect to a degree of
suppressingi ed dsdhespredeiermiingd nymberof suppdessing cbetficientg, 15 thei eandidatgédimiting
section preliminarily selects a suppressing coefficient with respect to which the estimated distortion
energysis smaltestresdohg thie plusalipnaf sdppressing coefficients; @md itwo suppressing coefficients
that correspond to indices before and after an index assigned to the suppressing
a suppressing section that suppresses an amplifude of the

spectrum of the first decoded signal using a suppressing

coefficient that 1is specified from among a plurality of

suppressing coefficients, to generate a suppressed spectrum;

10 a residual spectrum calculating section that calculates a
residual spectrum using a spectrum of the input signal and the
suppressed spectrum;

a preliminary selecting section that preliminarily selects
a predetermined number of suppressing coefficients using the

15 spectrum of the input signal and the residual spectrum, and
specifies the preiiminarily selected suppressing coefficients to
the suppressing section; and

a second coding section that performs a second encoding
using a residual spectrum that i1s calculated by inputting into

20 the residual spectrum calculating section a suppressed spectrum
that 1s generated using the specified suppressing coefficient 1n
the suppressing section, and determines one suppressing
coefficient among the specified suppressing coefficients using a
spectrum of a second decoded signal that is generated by

25 decoding a second code obtained by the second encoding, the

suppressed spectrum and the spectrum of the input signal.
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20coefficient with respect to which the estimated distortion energy is smallest. Claim 5The coding
apparatus according to claim 2, wherein: 25indices are assigned to the plurality of suppressing
coefficients in an asgepgling or descending order with respect to 21-711135-PCT a degree of
suppressin&?éﬁ&lﬁ"l Chs the predetermined number of suppressing coefficients, the candidate limiting
section preliminarily selects a first suppressing coefficient with respect to which the estimated 5
distortion energy is smallest among the plurality of suppressing coefficients, and a second suppressing
coefficient with respect to which the estimated distortion energy is smaller among two suppressing
coefficientsthati gerrespond Taindices befigre anglpdtes ansindax assigned to the first suppressing
coefficient. 10 Claim 6Thecoding apparatusaccording to claim 2, wherein: the estimating section
estimates avpsitiohnaf the pulse by comparing a threshold value that is calculated based on a
15statistical quantity of an amplitude of the residual spectrum,

the second coding section encodes a pulse that is

5 generated with respect to the residual spectrum in the second
encoding, and searches for the suppressing coefficient with
respect to which a coding distortion caused by the second
encoding is smallest; and

the preliminary selecting scction further comprises:

10 an estimating section that estimates a position of the

pulse using the residual spectrum;

an attenuating section that generates an estimated
residual spectrum by attenuating an amplitude at the estimated
position of the pulse in the residual spectrum;

15 a calculating section that calculates an estimated
distortion energy that is an estimated energy of the coding
distortion, wusing the estimated residual spectrum and the
spectrum of the input signal; and

a candidate limiting section that preliminarily selects the

26  predetermined number of suppressing coefficients among the

plurality of suppressing coefficients based on the estimated

distortion energy.

Claim 3 The <coding apparatus according to claim 2,
25  wherein:

indices are assigned to the plurality of suppressing
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and an amplitude of the residual spectrum. Claim 7The coding apparatusaccording to claim6, wherein
20the statistical quantity includes at least a standard deviation of the amplitude. Claim 8The coding
apparatus according to claim 2, wherein 25the attenuating section attenuates an amplitude of the
spectrum atthd Estiffated position of the pulse by multiplying 2F11135-PCT the amplitude by a
coefficient having a value that is greater than or equal to 0 and less than 1. Claim

9Thecodingapparatusaccordingiaciaimgndwherein de s henkpfimatinaisactpn setsthe awmier of the
pulses to be estimated, in accordance with a feature of the residual spectrum, and estimates positions
of the set nuntheg of the pulsesp10ssing; and
among the suppressing coefficients that correspond to a
largest index and a smallest index, the candidate limiting
5 section excludes a suppressing coefficient with respect to

which the estimated distortion energy is larger, from the

predetermined number of suppressing coefficients.

Claim 4 The coding apparatus according to claim 2,
10 wherein:
indices are assigned to the plurality of suppressing
coefficients in an ascending or descending order with respect to
a degree of suppressing:; and
as the predetermined number of suppressing coefficients,
15 the candidate limiting section preliminarily selects a
suppressing coefficient with respect to which the estimated
distortion energy is smallest among the plurality of suppressing
coefficients, and two suppressing coefficients that correspond
to indices before and after an index assigned to the suppressing
20 coefficient with respect to which the estimated distortion

energy is smallest.

Claim 5 The coding apparatus according to claim 2,
wherein:
25 indices are assigned to the plurality of suppressing

coefficients in an ascending or descending order with respect to
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Claim 10Thecodingapparatusaccording toclaim 9, wherein: the feature is a variation in an
amplitude in each band of the residual spectrum; and 15the estimating section sets the number of the
pulses so as to decrease as the variation increases. Claim 11Thecodingapparatusaccordingtoclaim,
wherein: 20thé feidreIs a tone feature of the residual spectrum; and the estimating section sets
the number of the pulses so as to decrease as the tone feature increases. Claim 12Thecoding

apparatusagcaiging to slpimgp sawheiein: the teature is a noise feature of the residual spectrum;
21711135-PCT and the estimating section sets the number of the pukes so as to increase as the
noise feature increasesthe predetermined number of suppressing coefficients,
the candidate limiting section preliminarily selects a first
suppressing coefficient with respect to which the estimated
5 distortion energy 1s smallest among the plurality of suppressing
coefficients, and a second suppressing coefficient with respect
to which the estimated distortion energy is smaller among two
suppressing coefficients that correspond to indices before and
after an index assigned to the first suppressing coefficient.
10
Claim 6 The <c¢oding apparatus according to claim 2,
wherein:
the estimating section estimates a position of the pulse
by comparing a threshold value that is calculated based on a

15  statistical quantity of an amplitude of the residual spectrum,

and an amplitude of the residual spectrum,

Claim 7 The coding apparatus according to claim 6,
wherein
20 the statistical quantity includes at least a standard

deviation of the amplitude.

Claim 8 The coding apparatus according to claim 2,
wherein
25 the attenuating section attenuates an amplitude of the

spectrum at the estimated position of the pulse by multiplying
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5Claim 13The coding apparatus according to claim 2, wherein the attenuating section attenuates
an amplitude of the spectrum at the estimated position of the pulse in accordance with a feature of the
residual spectrum. 10 Claim 14The coding apparatus according to claim 13, wherein: the feature
isa variatio%ﬁﬁ%%aﬂ%ﬁtude in each band of the residual spectrum; and 15the attenuating section sets
a degree of attenuation of the spectrum so as to increase as the variation increases. Claim 15The

coding apparatus, acgording do pRaiml3 whereincZathe featuie ig atana featlrg of the residua!

spectrum; and

the attenuating section sets a degree of attenuation of the spectrum so as to

increase astthgdone feqivie insreasesd Glayy 16hhe coding apparatus according to claim 13,
25wherein: the feature is a noise feature of the residual spectrum;

Claim 9 The <coding apparatus according to claim 2,

3 wherein

the estimating section sets the number of the pulses to be

estimated, in accordance with a feature of the residual

spectrum, and estimates positions of the set number of the

pulses.

i0
Claim 10 The coding apparatus according to claim 9,
wherein:

the feature is a variation in an amplitude in each band of

the residual spectrum; and

15 the estimating section sets the number of the pulses so as
to decrease as the variation increases.
Claim 11 The coding apparatus according to claim 9,
wherein:

20 the feature is a tone feature of the residual spectrum; and

the estimating section sets the number of the pulses so as

to decrease as the tone feature increases.

Claim 12 The coding apparatus according to claim 9,

25 wherein:

the feature is a noise feature of the residual spectrum;
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2F11135-PCT and the attenuating section sets a degree of attenuation of the spectrum so as to
decrease as the noise feature increases. 5Claim 17A coding method comprising: a first coding
step of outputting a spectrum of a first decoded signal that is generated by decoding a first code
obtained by2& Firkt &h€dding of an input signal; a suppressing step of suppressing an amplitude of the
10 spectrum of the first decoded signal using a suppressing coefficient that is specified from among a
plurality of syppressing coefficients, to generate a suppressed spectrum; a residual spectrum
calculating step of calculating a residual spectrum using a spectrum of the input signal and the
15suppressed spectiyinie s 1 i neaRESlNINALY Selectionssien-of preliminagly sglechingskRredetesmined
number of suppressing coefficients that are used in the suppressing step using the spectrum of the
input signakand:the sasidugh speetny, and settingethe prelimiparily 20 selected suppressing
coefficients as the specified suppressing coefficients; and a second coding step of performing a
second encoding using a residual spectrum that is calculated in the residual spectrum calculating step
using a suppressed spectrum that is 25generated using the specified suppressing coefficient in the
suppressing steppand deterfniring onel sugpresgipg coefficientccording to  claim 2,

wherein
the attenuating section attenuates an amplitude of the
spectrum at the estimated position of the pulse in accordance

with a feature of the residual spectrum.

10
Claim 14 The <coding apparatus according to claim 13,
wherein:

the feature is a variation in an amplitude in each band of

the residual spectrum; and

15 the attenuating section sets a degree of attenuation of the
spectrum so as to increase as the variation increases.
Claim 15 The coding apparatus according to claim 13,
wherein:

20 the feature is a tone feature of the residual spectrum; and

the attenuating section sets a degree of attenuation of the

spectrum so as to increase as the tone feature increases.

Claim 16 The coding apparatus according to claim 13,
25 wherein:

the feature is a noise feature of the residual spectrum;
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2F11135-PCT among the specified suppressing coefficients using a spectrum of a second decoded
signal that is generated by decoding a second code obtained by the second encoding, the suppressed

spectrum and the spectrum of the input signal.
2F11135-PCT

and
the attenuating section sets a degree of attenuation of the

spectrum so as to decrease as the noise feature increases.

5 Claim 17 A coding method comprising:

a first coding step of outputting a spectrum of a first
decoded signal that is generated by decoding a {irst code
obtained by a first encoding of an input signal;

a suppressing step of suppressing an amplitude of the

10 spectrum of the first decoded signal wusing a suppressing
coefficient that 1is specified from among a plurality of
suppressing coefficients, to generate a suppressed spectrum;

a rtesidual spectrum calculating step of calculating a
residual spectrum using a spectrum of the input signal and the

15 suppressed spectrum;

a preliminary selection step of preliminarily selecting a
predetermined number of suppressing coefficients that are used
in the suppressing step using the spectrum of the input signal
and the residual spectrum, and setting the preliminarily

20 selected suppressing coefficients as the specified suppressing
coefficients; and

a second coding step of performing a second encoding
using a residual spectrum that is calculated in the residual
spectrum calculating step using a suppressed spectrum that is

25 generated using the specified suppressing coefficient in the

suppressing step, and determining one suppressing coefficient
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among the specified suppressing coefficients using a spectrum
of a second decoded signal that is generated by decoding a
second code obtained by the second encoding., the suppressed

spectrum and the spectrum of the input signal.
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