&
' TITLE CF INVENTICN CODE EXCITATICN LINEAR PREDI CTI VE (CELP) ENCODER AND

DECODER = .« - ¢ - . TECHNI CAL FI ELD OF THE INVENTION . . This .
*1nvent|on relates to an encoder ‘and a’ decoder based oh the code’ ex0|tat|on
-l'inear predictive coding (CELP) system . - BACKGROUND OF
~THE | NVENTI ON"© Conventional ly, as a qygh ‘effici ent coding system- for .

. "speech signal |ncIud|ng audible'signal in a.field of digital transportable
_..-communi cation system -a code -exck: BbE OF | INEBNTEOR i ctive coding and its .
< nodi fication, tCRDE iEXCETAVEION'!LENEARXPRERICDIVE (€BLP ) PERDODERVANDOdI NG

- system (VSELP) have been used. . " The coding apparatus which uses the code-

“excitation |ine2ECORERdi ctive codlng (CELP) is disclosed in, for exanple,

- N.S. Jayant and J. H. Chen, "Speech Coding with Ti me-varying Bit Al I'ocation:
~to Excitation and LPC Paranreters”, -Proc. ICASSP pp65- 68, 1989.- A
fundament-al construction of the codlng system-relative to the speech.

'signal is to obtain vocal tTECHNIGALFREELRSOFePHBSENVENGIONCal tract
properties and excitation source paraneters representing excitation
source information. Thig Hnvereien gelatgst tm aBnenendereandi gndecadex

excitation source ipfornamtion is . encoded by. nmeans of both an adaptive
“excitation based on the code excitation llnear predlctive .coding

(CELP) system.

BACKGROUND_OF THE INVENTION

Conventionally, as a high_efficient'codinglsystem
for speech signal including audible signal in a field -
of_digital_transportabletcommunication.system, a Code.
exeitation_linear predictive coding and its _
modification, that is, a vector sum excitation linear
predictive coding system (VSELP) have been used. The
coding apparatus which uses the code excitation linear
predictive coding (CELP) is disclosed in, for example,
-N.S. Jayant and J.H.Chen, "Speech Coding with
Timefvarying"Bit Allocation to Excitation and LPC

_Paraﬁeters",_Rroc. ICASSP, pp65-68, 1989.

A fundamental construction of the coding system
relative to the speech signal is.to obtain vocal tract
parameters representing vocal tract propertles and
excitatlon source parameters representlng excitation
source information. In the recent CELP system, an
excited signal as a excitation source: 1nformat10n is

encoded by means of both an adaptive excitation



-2-- codevectors, mhlch contribute to stochastlcally stronger perlodlc
‘excitation S|gnal and stochastic excitation codevectors which contribute
%o stochastic Iess periodi c random excitation signal, and then the - coded |
. excitation signals are stored in a codebook, and an optinum adaptive

' “excitation codevectors and stochastic exG tation codevectors are found out
i i'n each "codebook so that weighted error power sun1betmeen an i nput speechﬂ,.
. wvect of: and. synthetlc speech .vector becones ninimum~ Then, whatever it a
.of -a forward-type mreymmrMmgchmmm ers from'
“an input speech vector or of a backward-type codi ng system which obtains
“vocal tract par &WECSEET PEFIOFICH ercd tagien: (Fignaloran Stackasttiche -
%j;ex0|tat|on source .paraneters, that is, adaptive excitation code and

- “stochastic exci B¥CHSR G CaseyRRHOTSn Which cantrihuke to stoghashic i zing |
- “the code exmtaHl on Ilnea predi ¢tive (CELP) system.as described above, it

“.is known that a* dij'tey rangome %@@%I Srgh Shem fMeed at  a

'-Hcodlng rate of 6 /s 381 Kbit/s. ver, SOMe cojmuni cation

" systens requi re':"'lo opats&gnpd.rs &zfmﬁ TRiin @ sedebeok, andsych a
-~ ower coding ra ein £ orwar which transmts:
~_ both vocal ?ractta%pg%g:gn%{ug‘{ ;%%z?ﬁ% €XCI ogbﬁocg p%/é{ﬁ‘ﬁﬁ or bei ng t he

~coded .bits which are aSS|g
codebook so that weighted ‘error power sum between an

backvard type  Whihaly n@,‘g‘cats&&ﬁhauo@;vz%&% RIS o' gn WM O

input speech vector and synthetlc speech vector becomes_
minimum. Then, whatever it is_of a forward-type coding
system which obtains vocal tract parameters from ah
input speech vector or of a backward-type coding system
which obteins vocal tract parameters from synthetic
speech vectors, at least the excitation source
parameters,'that is, adaptive excitation code and
stochastic excitation code information are transmitted.

By utilizing the.code excitation linear predictive
(CELP) system as described_above, it is known that a

~high quality regenerated speech signals are obtained at
a coding rate of 6 kbit/s to 8 kbit/s.

However, some communication systems require lpwer'
coding rate, for example 4kbit/s or less. In such a
lower coding rate, regardless of being the forward type
which transmits both vocal tract parameters and
excitation source parameters or being the backward type
which transmits_excitation source parameters, the

number of coded bits which are assigned to the
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-3-  excitation sour ce paraneters is snaller and t he nunber of adaptive
excitation codevectors stored in the adaptive excitation codebook and the
funber of stochastic excitation codevectors stored. in the : stochastic = "
. excited codebook become smaller. Cbnsequently, the quality of the
"~ regenerated speech signal- |neV|tany degrades at ‘the | ower codlng rate as.
-descri bed above. - ‘Besi des, the- adaptlve excited codebook are - _
" adaptively renewed. by sy nt hetic codevectors of opti mum adaptive ex0|tat|on_-“7
. codevectors andeE?bE%Es?ch°B§€PtH?Féﬂe§86§vé§t§m§1&ﬁH apdcshei pymperit can
- “be deternined tg t he adaptive. excitation codevectors are formed on the. . -
. basis of the st8thadepPEivge FE%FBH1°808€988F8F9rsTﬁ§P€P§rén the current
- CELP codlng has or tra for voi ce _signal -having a .
““nature of stron@gﬂgg Bﬂ|%¥?§§aggﬂ gﬂgﬁL aﬁﬂeFQFe&umgﬁéeeﬁ signal | acks.
he present = -

;'fjnventlon |s bhaS83C %%ﬁl?h%x?ﬁgagwﬂﬂgcosﬁ3ﬁF§9§sag£°§ﬁdoBFeEPeof_the .
" present |nvent| °bﬁm%91 pég¥i98d08§89§é§|gﬁgaggﬁ!%§gii8§redlctlve codi ng

'e_encoder and deco can provi énerated speech
‘signal even whegopubgfahtt, "ehaCquiRTRGNERH $nd" EeGRALALRGH LReLAR ' NPUL
speech vectors. , : _ S _ T :

. signal inevitably degrades at the lower coding rate as

‘described above.

Besides,'rhe adaptive exeited.eodebook-are_‘
adaptively renewed by synthetic codeQectors of optimum.
adaptive excitation codevectors and stochastic
'_excitation codevectors and, accordingly,-if can be

determined that the adaptive excitation codevectors are
fermed on the basis of the stochastic excitation
codevectors. Therefore, the current CELP coding has a
poor tracking capability for a voice signal having a

nature of strong periocdicity. Consequently, generated

speech signai lacks clearness.

- SUMMARY OF THE_INVENTION
lThe present invention is based upon the foregoing
problems and an object of the present invention is to
provide code excitation linear predictive coding
‘encoder and decoder which can provide a high quality
regenerated speech signal even when pulse-like noise
components are contalned in the input speech wvectors.

Another object of the present invention is to
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Anot her obj ect of the present. invention is: to =~ o prOV|de code
excitation linear predictive coding encoder and decoder which can prOV|de
i gh- qual ity regenerated speech signal .even.when a | ower. coding rate is.
enpl oyed. - According to the present invention, there is : prOV|ded a
. code excitation linear predictive coding 4apparatus whi ch .uses, as a speech
: ‘excitation. source information, excitation. signals in the form(ﬁ
. excitation codebook, wher ei n t he apparatus is provided wth a codevectors
“.conver si on ci r corevigiecrodenescitatins Lisgaenpyedhetiveecpdings of fixed
. codevectors such . as stochastic excitation codevectors transnmtted from
“the excitation EB@@Q@ﬁkanﬂtéeﬁﬁéeprwhecbrqaneproﬁndquhhgy -ghalatyeri stics.
‘at the tine of output of the excitation codevectors. A primary reason for
“providing the EedepeEated epRechssignalreven wbemsasioweorchdingl vate
Conventionally, .the fr uency characteristics - of an excitation signal is
“nodel | ed as "théﬁr@?P%ﬁ? white" and yet it actually i's not "white" but -
“is recogni zed by exgg%ggéLons to, Have a characteristic. which is near to a

frequency characteri bPIafC F .ﬁu?r§ﬁ386h19¥§PBF§nrTFBFeﬁoié - the

b BralPRACE e RSRHEREI OB TAACLE bE LTS el ok e

'ﬂquallty of the §¥E£P§£ﬁ§ éﬂf@ﬁhu¥§§togs a speech excitation source o
information, 'ex01tatlon signals in the form of
excitation codebook, wherein the apparatus is proﬁided
with a codevectors conversion circuit which converts
the frequency characteristics of fixed codevectors'such
as stoehastic excitation cbdeveétors_transmitted from
the excitation codebqok'into the predetermined |
freﬁuency characteristics at the time of output of the
excitation codevectors. A primary reason for providing
the codevectors conversion circuit is as set forth
below. Conventionally, the frequeney characteristics
of an excitation signal is modelled as "theoretically
white" and yet it actually is not "white" but is
recognized by examinations to have a characteristic
which is near to a frequency characteristics of an

input speech vectors. Therefore, the nearer the fixed

codevectors frequency characteristics is set to the

- frequency characteristics of the input speech vectors,
fhe higher the quality of the synthetic speech vector
is obtained and, moreover, an effective frequency

component of the excitation codevectors becomes much
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-i's obtained and, noreover,; an effectlve frequency conponent of the
.excitation codevectors becones much . :larger than a: quantlzatlon-
ferror vectors so that a masking effect.of the quantlzatlon err.or vector
~_can be obtained. - As an information representing frequency . :
characteristics of the code conversion cikcuit, ‘parameters of LPC. (Ilnearlf
; Qpredlctlve coefficient) and -optinmum adaptive excitation code information
- .which neans pitch predictive information (which includes VQ ‘gai.ns) are
used. ‘Thus, thh3EGEEVERRRI3 FUANELZabAONCRrEQrt Vesheors| sot khatr aquency. _
: qcharacterlstlcs of the stochastic excitation codevectors and so.forth, in
. accor dance wi t hmpRKiRT; af EeFht PEnthe quantizagien p ﬁrPﬁeVEF§§€nFaFnb§nt|on

~-there is provid a cqgde excitatign-Lin redi cti ve decodi ng apparat us
“whi ch has codev8§gaige§0nv§?S?BnlﬂgPEUPFloﬂhg@HrPﬁﬁﬂéénghgrﬁﬂ%&ﬂciodevector

- frequency chara teristics, near S eec vector freguency
}cha?acterlstlcs ﬁragisfbﬁﬁﬁﬁsmf ht b °°BE3588§P€ EBJEIERYLEat i on | i near

e oo e R e rf"i%ée%'at.’if%é% "
g o L B o SRR e 10
' means pltch predlctlve information (which 1nc1udes VQ h
galns)'are used. Thus, the codevectors conversiqn
circuit controls thé frequency characteristicg 6f the
stochastic excitation-codevectors and so forth, in
accordance with these information.

Fufther,.in the present invention, there is
provided a code excitation linear ﬁredictive decoding
épparatus which has codevectors conversion circuit
which forces the fixéd codevector frequency

'cbaracteristics neér to the input speech vector
frequency characteristics in accordance with the
respective code excitation linear preédictive coding
system.

In the codevéctor converter circuit, an impulse
response determined by the foliowing formula (1) as
filter transfer function H(Z) according to the wvocal

- tract parameters,

H(Z)= (1-zA’ajz’d) / (1-IB'aj)..... (1)
or an impulse response determined by the following
formula (2) in accordance with a excited pitch lag,

H(Z) = 1/ (1-€ Z27%).....(2)
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or an |npulse response deternrned by t he follomnng forml a (2) in . :

accor dance mnth a excrted pitch Iag L H(Z) =1/ (1-[err] Zerr]) ...... -
L2 - -=6- or an-inpulse response whi ch:i's

. “cascade- connected frlter represented by fornulas (1) and (2) is used to

. “'proceed a convol ution treatnment to the st@chastrc excitation codevectors
-‘and thereafter ‘a adaptlve ‘exci-tation codevectors are added to produce S

.w~excitation codevectors. _Here, aj(j=l to p) represents a paraneter = of LPC -

“and p represent@rtI %WEE%S%frEFEPEﬁ%IV§4%h Bs CﬁsﬁﬁéerﬁpﬂPeﬁﬁédconstants

« ““whi.ch -are detergined in the range  of O<A<l, 0<B<l and 0O<[err]

. respectively, ﬁﬁlterrE%PﬁgﬁﬁF§eﬂ Byt fprpydas (1) aPGrﬂﬁérlstH§99r§§ent

....invention provides a éode ex0|ta%|on | i near gredlctlve codln% or decodi ng

~~apparatus whi chPTRCRPAVR dEBNVALUEACRXEF PAFPBRT 5B bBBK StORPAR “4Cadapt i ve

.excitation codebook a stoc%astr on c ebook n: whi ch

.'iaﬁlsﬁ li ke excr?§?+5ﬂ 135388 8¥T§§8f§ﬁ§3§atb?§8a ﬁﬁ QXEFFRFFHﬁ codevector
“btchook an <t ShFLEREES Xs?%@?e%%o*%o%‘s% 484" 8o, Bradiea) St e "
-current - CELP COQ&?QvegﬁérQ gogQ ?5 9% ﬁgga ngéﬁreg n%sSE?EQQaEEQQ? |

_ havi ng a nature rong peri O re enerat speec

Si'gnal can be 0bEatgedang Bsreglﬂegaﬁ{:s the! BeaBRdBotpc shalyasd. A,

| predictive coding apparat Xcltation codevectors
B and € are constants which are determlned in the range

of O<A<l, 0<B<l and 0<€<1, réspecti#ely, and L
represents a pitch lag. |
Further, the present invention provides a code
_excitation linear predictive eoding or decodingn'
apparatus which is provided, as an excitation codebook,
with a adaptive excitation codebook and stochaetic
excitation codebook, in which.pulse—like excitation
codebook storing a pulse-like excitation codevector
which consists of isolated impulse in addition to.the
adaptive excitation codeboock and stochastic excitation
codebook is provided so that the current CELP coding
i has a good tracking capability for a speech signal
having a nature of strong periodicity. Thus, clear
regenerated speech signal can be obtained.
Further, in the code excited linear predictive
coding apparatus, excitation codeveétors-from the

stochastic excitation codebook or pulse-like excitation

codebook are selectively used, and this selected

information is transmittéd to the code excitation



st ochasti c excitation codebook or pulse-like excitation codebook are
" "selectively used, and this selected .informationis transmitted to the code
excitation = . . . .. - -7+ “linear predictive '
‘decoder apparatus.. In this code .excitation linear predictive decoder
apparatus, the -excitation codevectors £rdm-the stochastic excitation .
-codebook. or pul se-|ike excitation codebook are selected - in accordance wth
‘the information transmtted fromthe code excitation linear predictive
-codi ng appar.at ukinear predictive i decoder ecappavatube abnvehilescodded code
“excitation linear-predictive encoders, the output of - vocal tract
parameters are @%8i§ationolireaspredictivesdecoder ppparapasanthers and
thi.s |inear spectral gair- paraneters are utilized for the speech
a

regeneration i rex¢htatier exdeverters| fremr theestochasticceseitatiohat the

~regeneration spee¢h quality at the l'ower coding rate can .be inproved fiom
- -a viewpoi nt’ of $92@aPOPkeF Pphrantike sexghtatianoredebeoksang sebected
paranmeters as j-he vocal tract paranmeters reside in that an _interpolation
',charagtefisticsl?e?%??Vga?ﬁﬁtﬂé rERetR{orEREiaR: ErpRERitted fremysbel
the vocal tractoupetebratith ThERE Brefietiuperoaken SRRRTA RS par aet er s
e o bR 08 oAb oL Py aebLeth A oEgd 0 co
- - excitafibnnlinear predictive encoders, the output of
vocal tracf pafaméters are assigﬁéd to be'LSP (iinear
spectral pair) paréméters and this.linearlspectrél pair
paraméters are ﬁtilized for.the speech regeneration in
the code excitation linea: prédictive decoder so that
the-regeng:étion speech quality at_the lower.codihg
' rate can be improved from a viewpoint of vocal tract
parameters. The reasons for using LSP parameters as
the vocal tract parameters reside in that an
interpolation characteristics relative to the frequency
characteristics of the vocal tract are improved, that
the LSP parameters provides less distortion to the
vocal.tract spectral than LPC parameters even when the
LSP parameters are coded by smaller ﬁumber of code

bits, and that an effective coding can be obtained by

combination with vector quantization.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a block diagram of a code excitation

linear predictive encoder (coding apparatus) according
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BRI.EF DESCRI PTI ON OF - THE DRAW NG " Fig. 11is a block di agram of a code
excitation 1inear predictive encoder (coding apparatus) according . -
‘%8 to a first and-a secord enbodi nents of -the present invention.
Filg. 2 is a block diagramof a code excitation linear predictive decoder
“in correspondence with the code excitatign_linear predlcplve;encoder-shomn.
“inFig. 1. - Fig. 3 is a block diagram of- a code excitation ‘linear

;ig:redictive encogqer (¢odi.ag appar atus). accor dj.n the a third enbOdinent of
-Z'Fhe_ i nventi on. (é% a %glgérezﬁ{ﬁs%agﬁ:gbga&“&j%ﬂﬁ _étﬂ‘tsa_ g %)Rﬁeﬁﬁl‘?‘bn linear
. predictive decodek,einii rrespondence with the code excitation linear

~ o predictive encoggﬁeé%ééﬁ'in Fi-g. ' - 'Fig. 5 is a detailed bl ock.

3. ( L
" diagram of a codeveckQ ORWELSH | TG ' in Hogs. 3.and 4. o
BES‘?’ MODE FOR CARRYI EI%bOJ? %EEI' %ﬁ% &tgéraip%u:eaf ecr°_rd£ ORI M s of the

code exc tati on11kieasapringiaiy ACCAUI0 APRALAIL SORGAICT ) AN Qe code
excitation linear predlctjve_decp I'ng apparatus ecoder)” accor to the
~present inventigade kkcheatdenCniiBad Mgl 1A Ehddad S 5S g L he
Fig. 3 is a block diagram of a code excitation
linear predictive encoder (cbding_apparatus) accbrdihg
‘the a third embodimernit of the invention. |
Fig. 4 is a block diégram'of a code excitation'
linear predictive decoder in correspondence with the
code excitation linear predictive encoder shown in Fig.
3.

Fig. 5 is a detailed block diagram of a codevector

conversion circuit shown in Figs. 3 and 4.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred. embodiments of the code excitation
linear predictive coding apparatus (encoder) and the
code excitation linear predictive decoding apparatus
(decoder) according to the present invention will be
described with reference to the figures of the drawing
attached herewith.

Referring to Fig. i which shows a code excitation
linear predictive encoder (coding apparatus) according.
the a first embodiment of the present invention, an

input speech vector S which has been inputted in each



. attached herewith. - Referring to Fjg ‘1 whi ch shoms a- code ex0|tat|on
linear predictive encoder (ccoding apparatus) according the a first _

- tenboedi nent . of the present. invention, an |nput speech vector S- mhlch has
been inputted in. each - | -9-- frame froman
., input terminal 101 is first. transn1tted bo_a;vocamatract analysi's circuit .
. 102 to obtain a vocal tract paraneter:aj (linear predictive coefficient). .
- .An LPC (Ilnear. redic %gge coefficient) . quantization: circuit ‘103 quantlzes
- “vocal tract &ﬁ"&? HAUMRRI SfeEminet alQki 48 fizstosEanpRitted
_..(quanti zed LPC code) to n LPC i nverse-.quapti zation: circuit 104 and a ,

mul tiplex circuf? A0E trqﬁg TﬁﬁiYﬁﬁirgerﬁHéﬁtFQ%tFBnobF?tﬁl? Yﬁﬁaéerves-

i t the LPG code | t Cract : t e
1 Cansmits the SRS 88%162'9%??,%3&\/9 fwe#aéﬁg 189'13e%§ﬁf i‘ggsgtl agj an

ex d ' f d o
excitation codevect ofpeude (1 fleat HPlalSepytrubled;Ligns a Z‘ﬁtééﬁevector

it imilarly,
Sl o Muddel 208 8n SLOFOAEL | FoRXGULALL 90SC0RRT0K ALR0, ST LAl Y,

gai n codebook 1gBgiceivd SLHEHSELLT 2] OBA ELAAsR kB ks 10dagighch has an

impul se response of filter transfer nct1on represented by the
- foll owi ng forde@é&hz@&rimr@onWQI%I ppgl iﬁeaeséa&haﬁt%shiéhochastlC

eXC|tat|on
circuit 104 and a multiplex c1rcu1t 106.

The LPC inverse-quantization circuit 104 serves tg

convert the ﬁPC code Ic intoevoéalﬁtract predictiée
 parameter agj and transmits the same to a synthesis
" filter 105.

Theﬁ, an édaptive excitation codevector e ai (i=1
to n) is outpﬁtted from a adeptive excitation codebock
107 and similarly, a stochastic excitation codeﬁector e
sl (1=1 to m)'is from a stochastic excitation codebook
108. sSimilarly, an excitation gains'Bk and Yk (k=1 to
r) are outputted from a VQ gain codeboock 110.

'A codevector conversion circuit 109, which has an
impulse response of filter transfer function H(Z)
represented by the following formula (3), perfoims
convolutional computation with stochastic excitation
codevector e sl from a stochastic excitation codebook
108, and transmits a converted stochastic excitation
codevector e scl.

P P . )
H(Z)=(1-Y, 0.4'agjz?)/(1-Y 0.9%agjz7)...(3)
i=1 i=1
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codevector e sl froma stochastic excitation codebook 108 - and transnrts a.

converted.stochastic excitation codevector e scl. [err] _ . .
- &%10- . wherein‘ag] represénts an out put  of - LPC |nverse quantlzatlon
‘circuit 104 and p represents vocal tract ~ analysis order. - The, adaptlve-

““excitation codevector e ai is -mul tiplied @y t he gain [err]k by means of . a
ﬁnultrplrer 113 to produce a vector e ark and,” on the ot her hand, the Co
‘¢éonverted stochastic excitation .codevector e scI mul tiplied. by the gain

~err]k by means of ah@weinphigyr rébtesbatdl e@y%@u\eesffompe inverse = A
.adder 115 adds the conponents of .vector e alk and vector e scl'k and

" produces an exciquanitdmatdeevedireiite104 and Eh&e%ﬁ@k@ B%sS vioidatie e riR
“‘cal cul at.es .synthetic -speech vector Sw corresponding to the excitation

" codevector e andnalgsdisi beder.to a subtracter -116. The subtracter 116
. performs the subtraction between the synthesized speech vector Sw and the-
input speech vectofhg, adaptile ehnmtaﬂiou’mmﬁemedtmr ketadeds Sw and S is
‘transmitted to a perceptual weighting filter 111: The perceptual

wei ghting filtemultipligdshit $he gednc@it byl mesinghicifna mula:r::.p\leuetrorllaN
~corresponding t%o'produce a vector e aik and, on the other hand the
converted stochastic exc1tation codevector e scl is
multiplied by the gain_yk by means of a multiplier 114
.to produce a'vector e sclk.

An adder 115 adds the components of vector e alk
and vector e sclk and produces an excitation codevector
e.

The synthesis filter 105 calculates synthetic
speech vector Sw corresponding to the excitation
codevector e and transmits it to a subtracter 116.

The subtracter 116 performs the subtraction
between the synthesized speech vector Sw and the input
speech vector S, and the obtained error vector between
Sw and S is transmitted to a perceptual weighting
filter 111. |

The perceptual weighting filter 111 transmits a
perceptual weighting error vector ew corresponding to
the error vector er to a perceptual weighting error
calculation circuit 112.

The perceptual weighting error calculation circuit

112 calculates a mean square value of each component of

the perceptual weighting error vector ew, and
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the .error vector er-to a perceptual wei ghting error calculatlon CIFCUIt

112. - The perceptual weighting error calculation circuit 112 '

. %falcul ates a nmean. ‘squar e val ue- of each conponent of - 't he perceptual

- wei ghting error vector ew, “and . o det er m-nes the excitation . :
‘codevector. (i-.e., conbination of T 1 ang k) ‘to m ni m ze the nean square

. Lerror. power. of ew-for the i nput speech vector. at .the. present 1 me. s

- ‘Indexes la, Is+and.l1g of each codebook at this noment are transnmitted to

‘each of the adaﬂﬁtﬂe‘ﬂems athieo excddudtiork chiigvesttomhdsit.iec. e xagintainaiion
codebook 108, VQ: gain codebook 110 and multiplex circuit 106. The
—adaptive' exci t aQfoh .cdd@msok )1 P odinduniszenrthep mean rsquiars i e axx gidwadd on
.-codevect or eaO assi-gned by index la, the stochastic excitation codebook
108 outputs an XpEHnEaTsthehdaput Srsech iveetaniatk dhy msSerds diigread by

"~ .index |Is, and the VQ galn codebook 110 -transmts optinmumVC gain [err] and

T[err] “assi gned B\G&FESk 1a.g1s Andd@ &f Gty frdehank @t dihis mmerdnvert s

" the -stochastic cod vect or, esQ whi ch has been.transmtted fromthe

stochastic exci 3% i & Pfdde vﬁdf%""cfﬁ@ i9REEaEiame o an
-=0ptinun1Convert ocha xcltati.on codevect or O and then outputs:
it to the nmulti %d?eté’r j'td.f % td'fﬁl %‘{%ﬁ %&ﬁi%v]&q'or Q[ err]pt

adaptive

conposed by thsaqﬁ ¥ddencdh b0 bnd Gt A Yol it GoM e tothe:

The adaptlve excitation codebook 107 outputs an

'optlmum adaptive excitation codevector eaO a531gned by
1ndex Ia, the stochastic excitatlon codebook 108
outputs an optimum stochastic excitation codevector.eso
assigned by.index Is. and the VQ gain codebook 110
transmlts optlmum vC gain B, and Yo assigned by index

' Ig. A codevector conversion circuit 109 converts the
stochastic codevector esO which has been transmitted
from the stochastic excitation codebook in accordance
with the index Is ihto an optimum converted stochastic
excitation codevector e scO and then outputs'it to the
multiplier 114.

The optimum excitation codevector e,pt composed by
the ea,, esc,, B, and Y, is transmitted to the adaptive
excitation codebook 107 and updates the content of the
adaptive excitation codebook 107.

The multiplex circuit 106 multiplexes Ic, Ia, Is
and Ig, as a total code C, and transmits it to the
receiver through an output terminal 117.

Fig. 2 is a block diagram of a code excitation



s o e : o o : o _ .
excitation codebook 107 and updates the content of the . adaptive excitati.on

~codebook 107. o The mul'tiplex circuit 106 nultiplexes Ic, la, I's and
Flg; as a total code C, and transmits it to the - receiver through an output

' ‘terminal 117. - - Fig. 2'is a block diagram of ‘a code excitation
- “linear predictive decoder- correspondi ng_ tp,the code excitation linear
~predictive encoder. ~ -:‘I'n Fi.g.- 2'the total code C from an.input

~terminal 201 is. separated by a.demultiplex circuit 212 into LPC. code Ic,
~adaptive excit AiNART RELJiRfive decedrncorrespreding i ta theecodelex | s,

:and VQ gain code index 1g-and - they are transmtted, respectively, to LPC

“inverse- quant iSEHTAEIR HineD) PTIGEIVR R0FPAETON codebook 204, | |
'stochastic_excitatigPyc debgfk 205 and'wt?gain;_codebook 207. - The LPC
.inverse quantizatiom®i¥tdi t% 26 bR} tSOde ne fRemcRRelPRUE nERTHLRAL tract

. predictive parajpter_ -aj and transmts to. a, synthesis fil 203. _The =~ = -
_..gdap{ivgvexgi_t%n]f%o %?t%zb%u?p‘g?’gulagh%%/?’\?ec"ﬁiﬁ?‘}:a%fénlﬁﬁ‘aeﬁggtor ea

adaptive exci t &1 ort BGHERLOR" 204 Duft pHFS LT EREr Fat
rochastic’ exciddY i atamBiS SRePiatloReiag tlefnkey ProttRatts Vg ©

03 bk AU &364 LIASD B8 "ipd 76 B8R kb laoBRIOTERE)
j jnto-yector e ﬁﬁnﬁf“%f&“f&gﬁéﬁftféﬂfrfgéﬁéc@§vely, to LPC inverse . E
N B qﬁantization_cifcﬁit 262, adaptive excitation codebook

204, stochastic excitation codeﬁdok 205 and VQ gain |
codebook 207. | |

The LPC iﬂverse quantization circuit 202 conﬁerts
the LPC code Ic into vocal tract prédictive parameter
aj and transmits to a synthesis filter 203. The
adaptiVe e#cifation codebook 204 outputs.adaptive
excitation codevector ea assigned by the index Ia, the
stochastic excitation codebook 205 outputs a stochastic
excitation codevector es assigned by the index Is, and
a VQ gain codebook 207 outputs excitation gains B and
Y, assigned by index Ig. |

A codevector conversion circuit 206 converts the
vector es into vector e sc and outputs it as similar as
the aforementioned code.excitation liﬁear predictive
coding apparatﬁs {encoder).

The adaptive excitation codevectér ea is
multiplied by gain B by means of multiplier 208, and
the vector e sc is multiélied by gain y by means of

multiplier 209. These multiplied vector components are



&

~“(encoder) . _
gajn p by neans of nultlpller 208, and
i - gain y by nmeans of = nmultiplier 209. These mul ti-plied vector components" are
P added by adder 210, and fi nal ex ation codevector e .for " '
' “synthesis filter is .obt ai ned. . A synt’hesis filter 203" calculates a
speech vector 'S correspondlng to the excitation codevector

| *.synt hesi zed
| -and outputs to added: byt adderi 240,25hd fAhall mcimlbmodéa@m et of

13 -

t he afbrenentioned code excitation | i near predictive.'coding apparatus
The adaptive excitation codevector ea-is ~nmultiplied by
the vector e sc-is nmultiplied by

éf;the adaptive excitati-on codebook 204 is updated by vector. The
'~ code excitati on florn eyn tesdisc tfilcesnded@btaiewa.di ng to the ‘second
- enbodi ment - of the invention will be explained with reference to Fig. 1
-~ again.
—a'second enbodi nent has the similar construction as that of the first
- embodi nent ‘excefFPeERd vVestore &t corresponding dia dihie ek@d tatdornt her ef ore,

~-operational

node of the codevector conversion circui't 109 will be

e

Thi s code sem:htesmsorflllruee-arzq:ir @i et Mart e @O @y thaiodedi ng t he

an

-expl ai ned pr eseFT'E"Fi?V‘E‘-‘—tOr eTREd SudPEESo rto @Ry eutipnt diermiinall B 1 whikth has -

sl

and

~an |npulse respogee of filter transfer function H(Z) shown by the
" foll owi ng fornuitRe( £pMSe tidens they Feetentoef *‘émﬁaﬁ

codebook 204 is updated by vector e.

| The-code excitation linear predlctive encoder
according to the second embodiﬁent ofethe'invention
will be explained with reference to Fig. 1 again.

This code excitation linear predictive encoder
accdfding the a seeond embédiment has the similar
construction as that of the first embodiment except the
codevector conversion circuit 109 and, thereforé, an
operational mode of the codevector conversion circuit.
109 will be explained presently. |

The codevector conversion circuit 109, which has
an impulse response of filter transfer function H(2Z)
shown by the following formula (4) performs
convolutional computation with the'vector e sl and
results in vector e scl.

H(Z)=1/(1-€Z%) ..... (4)

Where € is € < 1.0, and L is a pitchlag obtained

from index of the adaptive excitation code.
Incidentally, in the codebook of a shift-type
adaptive excifation cbdebook, the index of the adaptive

excitation code corresponds with the pitch lag index as'

tlm \ﬁmt&'@%ct or

e



results in vector e scl.. - - o H(Z)—I/(I-[err]Z[err]) ..... (4)

Where Eis [err] 1.0, and L is a pitchlag obtained fromindex of the
*adaptive excitation code. - ‘Incidentally, in the codebook of a shift- type
‘adapti-ve excitation codebook, -the index of the adaptlve eXC|tat|on code
~corresponds with the pitch Iag i ndex as_ 14 =~ - - IR -
14 bel ow. - Adaptive code index: " 0 1 2 . IO PItCh Iag
20 - 21 22 ..... 20+ - The convolutlonal proocessi ng of "t he
faforenentloned bebee. exci tation |inear predictive codi ng apparatus -
.”(encoder) are represented by the followi ng formula (5), ‘provided that the:
‘e'sl is an output stbéprsive cedei inde#n gode&ect@h-eﬂ-bﬁe stochastic

_excitation codebook, e scl is a stochastL C|t tion cpdevector after
_the conversion, and h s an inpuISe respons onvers on circuit.
escl =esl Xh..._.... i - Wwherein cl [x[err] x[err]
-.',,,,,x[err]' e sl =[JEEFR LaGerr, y[e?P]]2 22 h [hFthi] |
hferr],,,, ,hlerr]] (The br acket [ ] i.s col um vector ) : '_x, y and h

~are elements, and n is subfranme length (or frame |ength).

The convolutlonal processing. of the aforementloned
code excitatlon 11near predictive codlng apparatus
(encoder) are represented_by the following formula (5),
provided that the e sl is an output.stochastic
excitation codevector of the stochastic ekcitation
codebook, e scl is a stochastic excitation codevector
after the conversion, and h is an impulse response of
conversion circuit. _

escl=eslXh ..;.....(5)
wherein:

e scl = [x, % ,,,,,%,], e sl=[Y, ¥Yi,,,¥sa1l,

h={h,, h,,,,,,h,;] (The bracket [ '] is column
vector. ),

x, ¥y and h are elements, and n is subframe length
(or frame length).

A transfer fonction composed of a vocal tract
parameter, or a transfer function_composed of.the pitch
lag can be used for the impulse response of code
conversion circuit; alternatively,.said two transfer
functions can be cascaded to form the impulse response.

Fig. 3 is a block diagram of a code excitation

linear predictive encoder according to the third
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A transfer function composed of a-vocal tract parameter, -or a transfer

~ function conposed of the pitch |ag can be used for the inpulse response of B

- %Tode ‘conversion circuit;_alternative]y,_Said_tmojtrahsfer']functions can

~.be cascaded to formthe inpulse response. . - - Fig. 3-is-a block.diagram: - .:
-of a code excitation |linear predictive_ epgoder according to the third: L
- 15- enbodi mrent .of the invention. - In FIg. 3 this code “excitation |inear

predictive encoder is prinmarily conposed of a input speech process porti-on
301, optimm s§RPREIMEBE §§eééﬁ dayeptipont i dm F0Y.add thils iqudex circuit
303. The inpyt speech process 301 has LSP paraneter analysis circuit,
311, LSP par ame?égl*c'éal’iﬁ& dilnegt pyedictisge encedarrisiemidanily rcuit 313,
LPC conversion ~_circuit Séﬁ, perceptual weighting filter 315, synthesis -
filter zero i npGP™PESEENSE GeABPYEi SReEFRC Process Porii@p3d, Wwrtimumg
filter zero inpyt %ESESnSﬁ eneration .circuit 317, and subtracters 318 and"
'319.  Wen an i BpUt"GELESE SPEgC eﬁ?aﬁcg_‘p?@a?%’réﬁ% andypudiFinlex o be
transmitted to Eggcgggogﬁg is obtained and, target speech vector for a

synt-hesi zed speéch Vect *which is formed by local reproduction. . = ‘In -
the code excitation kjpe edictiye_encoder di.gi t al j zed di screte input
‘speech vector ‘seri es]rgraeﬂ‘gpgr %@%& g%%%gst oY i%'%%_ﬁmnds to -
an_ ‘analysis circuit 311, LSP parameter coding'circuif 312,

LSP paraméter decoding circuit 313, LPC“convéréion
circuit 314, perceptual weighting filter 315,'SYntheSis
filter zero input response generation-circuit 316,
perceptual weighting.filter zZero input response
generation circuit 317, and éubtracters 318'énd 319.
When an input vector is given; a speech parameter which
is to be transmitted to the decoder is obtained and, |
target'speech vector for a synthesized speech veétor
which is formed by local reproduétion.

In the code excitation linear predictive encoder,
digitalized discrete input speech vector series are
stored as much as the time which correspohds to an
analysis frame length for obtaining a vocal tract
parameter and, this analysis frame length is separated
into several subframes and processed by input speech
processing portion 301.

The input speech vector is given to the LSP
parameter anélysis circuit 311,lana1yzed by the LSP
analysis circuit 311, and converted to LSP parameter as

~vocal tract parameter. This LSP parameter is coded
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t

~anal.ysis frame Jehgth‘fbr obtaining a vocal tract’ paranetér and, this
_analysis frame lengthis separated- into several subframes and processed by -

i nput speech” processing portion 301. ‘The input ‘speech vector is

© given to the LSP paraneter analysis circuit 311, analyzed by the LSP

~-analysis circuit 311, and converted to L§g Qaraneter as -vocal tract
parameter.  This LSP paraneter is coded "~ - (for exanple to be

- ~vect or quantlzed by LSP paranmeter coding circuit 312 and given to the

mul tiplex circUlioT REABMEL t (e DR tVRATeH FRRNEIZRA bRY tESF cprTameber |

- decoder: The coded LSP parameter is_decoded (vector _ quantized) by LSP" :

“paranmet er decodiRiLRg r%ﬁqu%‘i?%oan@m%?‘f‘eﬁot'ﬁh%wy@lﬁw L‘F’t?%‘éh?er sion

-circuit 314. gﬂ¥$thu converfed | PC.is used_as a tap coeffjcient. for -
wei

- per cept ual .
irout 317 andtegodgn neEE Frate aBofreitear 19 saded Tee R ocont 1y
parancter s oo %95 50 B PRERELRD, p8LEtg SR ?%?éfa%%tﬁs ES_P

i ¥rapsmieted, to HERe sCpde exCLEAIOR e?Esponse'

‘target .speech éf&g&?fté& 'ﬁ’ﬁ‘ctﬂy%’ﬂéh tzégnégfgf‘FhVSfI-B&l}.ﬂhéfﬂ 's

locally. reproduc

romthe 1 nput speec vec ned.
The thus converted LPC is used as a tap coefflcient for

perceptual weighting filter 315, synthesis filter =zero
input response generation circuit 316; perceptual
weightin§ filter zero inpuf generatibn circuit 317 and
a synthesis filter 329 which will be described
presently, aﬁd given alsd to a codeIVectqr conversion
circuit 328. The qusntized LSP parameter is converted
into LPC. |

Next, ah operation for forming a target speech
vector relative to sfnthesized speech vector which is
locally reproduced from the inputlspeech Qector will be
explained.

The input speech vector described above is given
to the psrceptual weighting filter 315 and after the
weighing processing in consideration of human
perceptual characteristics,'the input speech wvector is
given to a subtracter 318 to be subtracted. Further, a
zero input response vector in relation to a synthesis
filter 329, is given for input of subtracter 318.

Thds, a speech vector,'from which an influence of the

synthesis filter 329 in the immediately before analysis
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"The i nput speech vect or . descrlbed ‘above |s .given to the perceptual _

" weighting filter 315 and after-the . melghlng processing in consideration of |
fuman perceptual characteristics, the i'nput speech vector is -given to a

- “subtracter 318 to be subtracted. Further a zero input. response vector -
~relation to a synthesis filter 329 s.giwen for input of subtracter: 318

- Thus, a speech vector, from which an |nfluence of t he syntheS|s filter 329
S hin t he' i medi ately bef or.e anal ysi.s 17
~frame is excludéaamﬁslglﬁgﬁlvéeéubﬂSaG@@en3$9 Sannamaer'@lﬁero |nput

':response vector __in relation to_a perceptual weighting filter 315, i5&- g|Ven-¥-

for input of sHBEFREFer a136X0 RPYL zespoase vester, ﬂnwﬂﬁlﬂﬁiﬂmz¥¢ a
+ -influence of the melghted filter 315 in the inmmediately before anal ysi s
" frane 'is obtai nBEXCP t&P@eﬁeﬁght§BStF&éF€F 339 is giveme fon iimpwt of
“’synt hesi zedtic sggﬁcgﬁﬁear por& on 302 seryes to search a excitation

" source paranetef B&h esiBs “ﬁ§ﬁ9ﬁ7|q¥qﬂuﬁ?%ﬁﬁﬂan "
. d t | th t

of "adapt i ve excHALIBReRo8E0SHE Wé@ﬂsﬁoéﬁ 22 S e, Tpaci e Bns ™
pul se-1ike excbggé&.‘%z?ggq_%g_gk:g%%e \{g &%%%eb%oka%%\%q \{:(ng gain

~controll ers '324-an 0dk switch 326,
codevect or convgpgk@lcti-Cdp. 328, synthe3|s filter 329, subtracter 330,
error power sum conputing CIFCUIt 331 and code selection circuit -

The optimum synthesizedtic speech search portion
302 serves to searéh a excitation source parameter in |
which the sfnthesis speech vector in the local
reproduction is mosﬁ similar to the target speech
vector, and is composed of.édaptive éxcitation codebook
326, stochastic excifation'codebeok 321, pulse-like
excitation codebook 322, VQ gain codebook 323, VQ gain
controllers 324 and 327, adder 325, fixed codebook
selection switch 326, codevector cenversion circuit
328 ‘synthesis filter 329, subtracter 330, error power
sum computing circuit 331 and code selection circuit
332.

Each of the adaptive excitation codebook 320,
stochastic excitation codebook 321 and pulse-like
excitation codebook 322 stores adaptive excitation

' codevector, which is a waveform code in relation to an
excitation signal, stochastic excitation codevector and
pulse-like excitation codevector, respectively, and VQ
gain codebook 323 stores VQ gain code which is related

to adaptive excitation codevector and fixed codevector
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excitation codebook 321 and pul se-like- exci-tation codebook 322 stores

fadaptive excit
--excitation sig
~~excitation cod
.gai n--code whic
codevect or
.represents sto
‘codevector).
. voi ced speech
.~ stochastic exc
- “having stocha
- codevector of -
. as descri bed
.~ waveform exc
"~ considered to

h of the adaptive excitation codebook 320, stochastic

nal , stochastic excitation codevector and -.pul se-like

ation - codevector, which is a waveformcode i.n relation'to an -

evector, respectively, -and \{Q_ gai n codebook 323 stores VQ_'

his related to adaptive excitation codevector and fixed

whi ch,
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Si gnal

contribute e steady portion of vol ced speec

a

having a strongcertif8heesYto the udPeidédIshBecAUShRaYCRbPEnguanti zed,

E_-for exanpl e,
adaptive excit

and one -conponent of the vector relates.to VQ garn for
a6 tOBGh&STECHELY Ole S8 UpéPfo@i 8ty ONPRECAEaptive

excitation codevector of the adaptive ekcitation
codebodk 320 is adaptively_updated as deécribed |
presently. |

The pulse-like excitation codevector is a waveform
excitation codevector consisting of an unit impuise and
is considered to contribute to the steady portion of
the voiced speech signal having a strong periodiéity.

The VQ gain code is vector-quantized, for'example,
and one component of the vector relates to VQ gain for
adaptive excitation code vector and the other component
relates to VQ gain for the fixed code vector.

Pulse-like excitation code vector is a periodic
simple signal which can be generated by means of a
pulse signal generating circuit but, it can preferably
be generated by coding and reading out from the
codebook 322 as this code excitation linear predictive
encoder, the reason of which will be explained
presently. Namely, it is easy to synchronize the
excitation vector with.an_output from the adaptive

excitation codebook 320. The same processing



relates to VQgain for the flxed code vector o Pul se-li ke excitation
_code vector is a periodic .sinple signal whi ch can be generated by  neans of -
$a pulse signal generating circuit but, it can preferably be generated by:
._codlng and reading out fromthe codebook 322 as this code excitation
“linear predictive ‘encoder, the reason —ofygnhj ch wi Il be expl ai ned AR
- presently. Nanely, it is easy to synchroni-ze the eXC|tat|0n vect or mnth an - -
- output fromthe adaptive excitation _codebook 320. The sape processing -

19 - for selfS® %%@d@?ﬁaﬁ#@%%‘hﬁwmm e CHUIBS- [ ke

. exci-tation codevector. search consti:t tlng t he excitation code vector to f
- have the sane é’éﬁ@ﬁo %(ﬁ?&q’ré"i‘r% GRISVeFET RRASIK béQlconStlt“‘B’;}"g

- utilizing said i ous, €O ebook 0 obtain an m code so,that. the -
_locally synt hesq\‘fe(?’%‘ﬁet@c ‘iﬁ" SRS H@‘Eﬁ‘osw |§ﬁ“1‘%rc‘?%el?‘?@‘t ar get
 ‘'speech vect or

d I | d-

e eﬁ%so%%"s%%%a'@ﬁ@? S SRR B L e o
I ; t ' h o
Dcae of Lhe, sear o Sleain p0ld MR L0F DS B b S e

‘st ochastic excitati

as described ahgy, gf‘oééaé&héﬂgt'&x&aiéééﬁlg%%%cﬁ&iiﬁgéﬁ%iéﬂ the

adapt I ve exci tat | on CcoO stochastic excitatl

excitation Cod%&%e/%%&sce@,mw:tﬁﬁlw é&"ﬁx&oé’&ré‘é@éﬁ’éé&@ linear -

vector, and its 1ndices are given to the multiplex

circult 303 and are transmitted to the code excitation
linear predlctlve decoder portlon.

In case of the search of an optimum code
including a selection of the stochastic excitation code
vector or the pulse-like excitation code vector as
described above, the searching is carried out with
respect to the adaptive excitation code, stochastic
excitation code, pulse-like excitation code and VQ gain
code, in turn, in this code excitation linear
predictive encoder. -

In case of searching an optimum adaptive
excitation code vector, an output from the stochastic
excitatioh codebook 321 and the pulse-like excitation
codebook 322 are assigned to be zeroc (0), and the VQ
gain controller 324 multiply a suitable value of VQ
coefficient ("1", for exemple). In this state, the

~adaptive excitation codebook 320 outputs all of the
stored adaptive excitation code vector sequentially or

in parallel, and gives it as an excitation code vector



predictive encoder. In case of searching an opti mum adaptive '

~ excitation code vector, an output fromthe stochastic excitation codebook .
" %321 and the pul se-l1ike excitation - codebook 322 are assigned to be zero-

(0), and-the VQ gain controller 324 - nultiply & suitable value of VQ -
-coefficient ("1", for exanple). Inthis sjqte, the adaptive excitation -
--codebook 320 outputs all of the stored adaptive excitation code vector .

sequentially or in parallel, and gives it as.an éexcitati-on code vector - ..

- 20 - to the $pntthesisyntthesds $19tem A2fh tHioudh dgdien VE @airol | er 324 and
“the.adder 325. The synthesis filter 329 carrices out a convolutional =
~conputing rel at Cpatrellege 32dcand: the adfern @2%r, The syrthesis filtetap
“coefficient, the LPC which is given fromthe LPC conversion circuit-314, -

and a synt hesi z8#9% Fé@xaiesy sutons Copvodiv tianaly monmitiay aelative Heo

“content  of the adaptive excitation code vector as the excitation source - .

signal, aré obt &Fe@*FitRtion code yeqyon.ndy akidiizindx @ & k8P code .
vector. The suhtracter 330 obtains, with respect to.all of the -
adaptive excit atqo&rf%dﬁ&gn\?ecft . LEG ohigh d igvemdisgie thendBG nt hesi zed -~

.speech vector or mhich.onlé t he ent_of the adapt,)ve excitation. code

_vector is effefC8Y®ARGh i{.‘g&&fg teea{‘ Pt 2L FRESAL it to an
‘error power Su”%%@k%&gﬁtbﬂﬂcﬁiEggigyﬁ%heéggéd_oniy by thé-confent of
| - the adaptive éxcitatidn code vedtor as the.excitatioﬁ
source signal, are obtainéd with respect to all the
adaptive excitation code vector.

The subtracter 330 obtains, with respect to all of
the'adaptive excifatidn Code-vector, aﬁ.error vector
between the synthesized speech vector on ﬁhich only the
content of the adaptive excitafion dode vector is
effected and the target speech vector, and then gives
it to an error power sum calculation circuit 331. The
error power sum calculation circuit 331 obtains square
sum (error power sum) of the error vector, with respect
to all the adaptive code vector, and gives it to a code
selection circuit 332. The code selection circuit 332
determines the the adaptive excitation code vector to
minimize the error power sum.

Next, an optimum stochastic excitation code vector
searching is carried out and in the searching of this,
a fixed codebook selection switch 326 is driven to the
side of the stochastic excitation codebook 321 the

output from adaptive excitation codebook is set to zero



error power sumcalculation circuit 331 obtains square sum (error power
sum) of the error-vector, with respect to all the adaptive code vector,
*and gives it to a-code selection circuit 332. The code selection circuit .
332 deternines the the adaptive excitation code vector to mnininize the
.- €rror power sum “Next, -an optimum stochastic excitation code vector
.. ..searching is carried out and in,the_sear@ﬂiﬁg_of'thisf -a fixed codebook .
.~ selection switch 326 is driven to the side of the stochastic excitation
 codebook 321 t6@) efitpattheorrevipusi¥ eksninedopptdaupoeaptiver to zero
= 21 - (0) or_to,the previogusly.obtained opti num adaptive excitation code:
‘vector. . In theXcitekigR cpde VEREOrst odRaSheC SERdE &S MhisSoddheok 321

E 0utput5'sequentﬁglﬁ gr'in parallel, 3Ih'the stored stochastic excitation

code vectors, ant°f %ﬁF Ct G FATIOPNECEBRE e Sdr SIS Segventially 328
“through-the fixed,codebook ,selectipon switch 326 and VO controller 324.
" The cgde_vecto?rcbﬂvg?g?gﬁe&rregit%§§88£%58 e§§°cgﬁ§qgamﬂ§Q§9§¥ﬁﬂnthe-

f . h - . . d A h . . . d ) . )
that it ie mooeaS kSkbGRs”na; PRELERC SRERC AR, B8 o bR IT Deeah

(that it is moved t-crese: PB% Feqdsn aeFert e nput.
code vector . AEORREeLaR (CERULL 2Bl RkSugl ol el deRdie! 21 or

“with its freqyefe¥tEHA’ 8hieEhSE265aRa U8 CORMGOIIYY RACessed is
| ' The code vector conversion circuit 328 pfoceeds

~the conversion of the frequency characteristics of
inputted stochastic excitation cbde vector so that it
is moved to close to frequency characteristics of an
input speech vector iﬁ correspondence with time-~length
of the stochastic excitation code vector. As described
above, all the stochastic exited code vector with.its
frequency characteristics being conversion-processed is
.given, as an excitation code vector, to a synthetic

_ filter 329. Thereafter, it is processed as similar as
the searching of the optimum adaptive excitation code
Qeétor, and the code selection circuit 332 determines
an optimum stochastic excitation code wvector.

After the searching of the optimum stochastic

excitation code vector is finished as described above,
a searching of an optimum pulse-like excitation code
vector is carried out. At this searching, the fixed
codebook selection switch 326 is driven to the side of
the pulse-like excitation codebook 322 the output from

adaptive excitation codebook 326 is set to zero (0) or



given, as an excitation code vector; to a synthetic filter 329.
Jhereafter, it is: processed as similar as the searching of the optinum
‘adaptive ex0|tat|on code vector,.and the code selection circuit 332
determines an optlnun1stochast|c excitation code vector. - After t he
- searching of.the optlnun1stochast|c excijation code vector is finished.as-
descri bed above, a'searching of an -optinmum pulse-Ilike excitation code
vector: i's carried out. At this_searching, the fixed. codebook selection :
switch 326 is dr?vERetPrewiousdy ePtaéﬁedpep‘sémumk@d@p@wat psaitatébook 322

“the output from adaptive excitatjon codebook 326 is set to zero (0) or
- 22 :_pto t he iﬁ€-I %§F9robtﬁpngbgﬁpFFﬁﬁﬁvaﬂaﬁtPVésébekﬁtPBﬁlté§G§n

leqentially o S?‘ie%g&& 3t 83#5&'?11%39,%5'@%3%32@:?ﬁgigé%lﬁéipSgﬁggég“
. th t
ot the roment vRI ShobSE RALPETH ssefrei%sgi??ﬁ%b f ¥BEESTBCtor s .°‘fe
hecessary a*‘f‘%s‘g%%%é% 59{”%83@2’% ShLCHS 8 ?F#%ﬁwt%“a#ix_. Bipdlar
‘exci tation code,yeR! Phoks aete§a1m§@en&hah§9dsn SBLSRlOBLBLRGHLY 332

conpares the error power sumo sel ec tochastic

excl tali on  codpehel of 63648 %eeos.-hesegéggcﬂaaesnau”aeéoﬁagngi | ect ed
code vector in the pulse-ltke excitation co vector “searc faln :
sl | est error mewerdétdilédlexplanation will not be necessary.

As descrlbed above, when the optimum pulse-like
excitatlon code vector is determzned the code
selection circuit 332 compares the error power sum of
the selected code vector in the stochastic excitatidn
code vector search with the error power.sum of the
selected code veétor in the pulse-like excitation code
vector search to obtain smallest error power sum, and
determin a fixed code to be transmitted to the code
excitation linear predictive decoder.

Thereafter, a sea;ching of an optimum VQ gaincode
is carried out. At the searching of this VQ gain code,
an optimum (selected) adaptive excitation code vector.
is transmitted from the adaptive excitation codebook
320, and the fixed codébook selectioh switch 326 is
switched to either the selected stochastic excitation
codebook 321 or pulse-like excitation codebook 322, and
an optimum (selected) fixed code vecto: is outputted
from the selected fixed codebook 321 or 322. A VQ gain

codebook 323 is composed of VQ gain for an adaptive
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detern1n a fixed code to be transn1tted to the code excitation linear
predlctlve decoder-. "~ -~ Thereafter, a searchlng of an -optinmum VQ galncode
%is carried out. At the: searchlng of this VQ gai'n code; - ~an optinmum :
(sel ected) adaptive excitation- .code. vector. is transnltted fromthe-
“adaptlve exci tati-on.codebook 320, and ths flxed codebook sel ection smntch
326 is SMAtChed to-either the selected 'S’ ochastlc exci tation - codebook 321
or pul se-l.ike excitation codebook 322, ‘and an optinmum (sel ected) fixed
‘code vector is %&Fpt@té@n code vhotoz| andeVOf grdo Fodettbek fizedocode?. A vQ
~gain. cadebook 323 is conposed of VQ gai.n for: an adapti-ve

- 23-  ‘excitati¥actese ve€her V@ngainy ern ther adaptiveegxcdtationc code The
~ VQgain for the adaptive excitation code vector is:given to a VQ.gain: .
control | er 324 ¥RG*PRelggiganrnteor Yﬁegﬁﬁﬁe§°96§@14@§t§ﬂ4l§n§|¢@# V@ a VQ
-gain controller 327, Thus, both the VQ gain-controlled optinmm adaptive

‘exci tation codeSPLRt SPrakBer fLx8H: FRARI VA dsdgives: &P, awWRc§aiave been
Droessed Wt oESsRe]ef0sdy! feassggzgcgﬁd%@ﬁs&b;%@;fw%&zgaﬁ%ass.vs |
it T A e P
gai n codebook 32304 codeALE8to§9 Qﬂibﬂuﬂb§gggg ep&é%b%%%ﬁ?@i%%ﬁe optlnum
| reépect to é frequency charactétistic operation'and vQ
gain control, are addéd by an adder 325 and then given
" to a synthesis filter as an ekcitation code vector.

This processing is carried out sequentially or in

parallel, relative to all the VQ gain codes in the VQ

gain codebook 323.

After an optimum adaptive excitation code, optimum
fixed code and optimum VQ gain code are selected, the
code selection circuit 332 gives the indexes of these

 codes to a multiplex circuit 303 and, a fixed codebock
selection switching information which one of the
stochastic excitation code vector and the pulse-like
excitation code vector is selected actually, is'given
to the multiplex circuit 303. The multiplex circuit
303 multiplexes said indexes with LSP parameter given
from the LSP parameter coding circuit 312 and transmits
it to the code excitation 1linear predictive decoder.
Incidentally, in case of utilizing a vector
quantization for a VQ gain coding method, the

transmitted index is wvector number.
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fixed code and optinum VQ gain code are selected, the ‘code selection
¢ircuit 332 gives the indexes of these codes to a nultiplex circuit 303 -
“%@nd, a fixed codebook selection swtching information which one of the
-stochastlc excitation code vector and the pul'se-like excitation code. 3
“vector is selected actually, is given to,the multiplex circuit 303, The

~nultiplex circuit 303 multiplexes said indexes with LSP pararneter given

:.ffron1the LSP paraneter. coding circuit 312 and transm.ts it to t-he.code o
excitation .linear pr%ﬂec¢od£ngepndeessih93|destaiqu aboves#sotepeakied ng a

Q';vector quantlzatlon for a VQ gain coding nethod, the ‘transmtted index is_j_:
. vector nunber. with respect of each subframe, and gHe- coded ‘sphrechodi ng-

- processings described above is repeated - with respect of each subframe, and
“the coded speechnformathenibs tsansmithed: &8 turnute tbetpedeode = =

~excitation linear predictive decoder. - Fig. .5 shows in detail the =

specific struct%*%1E@t1?%elé%ﬁ@rv5€9€ic§bﬁﬁeﬂ§P§ﬁe§rrCU|t 328. In Fig. .3,

‘the code vector conversion circuit 328 has two cascaded filters 328a and

328b, and a pitch Iaﬁlgec$s$3ﬂwﬁl?Bu@?taQQBEhe specife stxugtusgeofect or

}s given to a_f éStcf éte 3283 I ir rgspgnse ngz% of the Lgrst
ilter 328a is-3%t sYRFRhy ?BVﬁEFé 6? GYLhnPeR -t hd? Flgquéncf
conversion procgsgi n9ec_éo§aésasgrgaonrs'i%au% ab8 hig H&°EatReala
| filters 328a and 328D, and a pitch lag decision circuif
328c. -

The fixed code vector is given to a first fiitér
328a. An impulse response H1(Z) of the first filter
328a is set as shown by formula (6), by whiéh the
frequency conversion processing is carried out relative
to the fixed vector.

H1(Z)=(1-ZAajz}) / (1.—z.BJajz") eeea(6)
wherein aj(j is 1 to p) is a tap coefficient
relative to a synthesis filter 329 which is supplied
from the LPC conversion circuit 324, and p'is vocal
tract analysis order. Further, A and B are constants
which are determined in the ranges of 0<A < 1, and 0 <
B < 1.

The code vector which was processed in its
frequency characteristics by the first filter 328a is
transmitted to the second filter 328b. The pitéh lag
decision circuit 328c obtains a pitch lag L from the
index of the optimum adaptive excitation code relative

to the adaptive excitatipn codebook 320 and then gives



H(D(l[aﬂAWw]maﬁw])/(1[HHBMH]mHeHD ... (6). wher ein
aj(j:is 1top) is a.tap coefficient relative to a syntheS|s filter 329
ichis 'supplied fromthe LPC conversion circuit 324, and p is vocal
;-ftract anal ysi s order. Further, A and B are constants whi ch. are determined
".in the ranges of O<A[err] 1, “and 0 <. _Bos 1. The code vector. which
. was processed in its. frequency characterlstlcs by the first filter 328a: is
- “transmtted to-the second filter 328b. The pltch |l ag- decision circuit 328c -
- _obtains a pitchthagpité¢hokaghb tontke sécohé Spliewns28bpti xR £Mpulaki on '

' _code relative to t he adapti ve excitation codebook 320 and then gives

- -25- the pitcrespgnsetB2(hd efcthd Setcond E2Bber AR8bnpsl determspedse
- "H2(2) of the second filter 328b is deternined as shown by fornmula (7), by

. which a frequen®§ Skewnebyi éarnulaaf V) edbpuwhichaai feequenty i nputt ed

.-fixed-.code vector. - ' H2(Z2)= 1/(1-[err]Z[err]) -.....(7) - wherein
[err] is a cons?%ﬂ?eﬂﬁ%@Pniﬁe@aFﬁiEﬁeOﬂﬁngelétlvekpertb@ inputtegut of the
. second filter iven to VQ gain . controller 327 shown in Fig. 3.
By the code vec b?eQOHSQ?sYBﬁtEFrCU|t 328 as described above, .the

- ‘frequency characteristics I ngygied fj.xed code_vector can be nade cl oser
to the frequency char act 8 E?lc )lnput'sﬁgéch vector

_ wherein E is a constant determined in the range of
0{651. An output of the second filter 328b is given to
VQ_gain controller 327 shown in Fig..3. |

By the code vector conversion circuit 328 as
described above, the frequency characteristics of
inputted fixed code vector cen be made closer to the
frequency characteristics of the input speech vector,
ih-accordance with a time length of the fixed code
vector.

Accordingly, the code excited linear predictive
coding apparatus (encoder) can provide a high quality
regenerated speech signal. |

Next, a code excitation linear predictive decoder
in correspondence with the code excitation linear
predictive coding apparatus (encoder) shown in Fig. 3
will be described with reference to the accompanying
drawing.

Fig. 4 is a block diagram of code excitation
linear predictive decoder which corresponds to the code
excitation linear predictive coding apparatus (encoder)

shown in Fig. 3. 1In Fig. 4, the code excitation linear



in accordance with a time length.of the fixed code vector. . '
- Accordingly, the code excited linear predictive .coding apparatus (encoder)
-3can provide a high quality “regenerated speech signal. " Next, a.code
~excitation linear predictive decoder in correspondence with the code
t.excitatioen linear -predictive coding appagatus (encoder) shown in Fig. 3
~wll be described with reference to the acconpanying drawing. ~ . Filg. 4
~+is:a block diagram of code excitation_linear predictive decoder which
. corresponds toPFREicEd¥e deeragri bas Aeexl tind@x GLFSUdddidh? -afiBR at us
(encoder) shown:in e code excitatiqgn.linear

- -26- -predicti 9€r85‘85iﬁg.r dgﬁgdétg‘ﬁﬁlf:gfrﬁlﬁévg g%uir'tp%ﬁ?f‘vl_%'lsl%'a%‘birt o
 Codebook 443, 383enaePETvE, BREREREIoR, sebitheck 848 e REF Bci Lt on

- cotebork 445, \B.qun fofkhat 445, 0 s conid o 047, VRgel,
_conversion ci _rﬁ'dis'lf, ng??gﬁigdgﬁd boi! 46%”@2}%%1% fcjtér}t&rol[il%%‘ 447, vdhe

. coded speech info i Ven tTromthe ’co excitationTinear ‘predictive

encoder i s I nPiaiRd chhekit1slomol Bk dditodié e B g B

? circuit 440 séparates the code peech. i ntormation 1 nto
o 448, code vector conversion circuit 450, adder 451 and

synthesis filter 452.

The coded speech'information given from the code
excitation linear predictive encoder is inputted to the
demultiplex circuit 440. The demultiplex circuit 440 -
separates the coded speech information into LSP
parameter code, index of the optimum adaptive
excitation code, index of the optimum fixed code, index
of the optimum VQ gain codebook and fixed code
selection éwitch information.

Then, LSP parameter code is given to the LSP
parameter decoding circuit 441 and the index of the
optimum adaptive excitation code is given to the
adaptive excitation codebook 443. Further, the index
of optimum VQ gain code is given to the VQ gain
codebook 446 and the fixed codebook selection switch
information is given to the fixed codebook éelection
switch 448.

The index of the optimum fixed code 443 is given
to a pulse-like excitation codeboock 445 or a stochastic

excitation codebook 444 which are determined by the



paramet er code, .index of the optinmum adaptive excitation code, index of
the optinum fixed code, index of the optinum VQ gain codebook and fixed
¢code sel ection switch information. . .~ Then, LSP paraneter code is glven
~“to the LSP paraneter decoding circuit 441 and the index of. the. optlnum
~adaptive excitation code is given to thezzadaptive excitation codebook 443
- Further, the index of optinmmVQ gain code is given to the VQ gain _
”codebook 446 and the fixed codebook selection switch -information.s glven

“to the fixed ciadlcsR asliartiom switctifhg inforddeiondexTeé the opti rrum'
fixed code 443 is given to a pulse-like ex0|tat|on codebook 445 .or a’

stochastic exddagtiore eatebeokidd icodesdolrGutiphes naneddaytive

- 27 - . fixed code selection switching information. The adaptive
“excitation codd:m:ld:anﬂtqmtcndm velapor wehick cls aébarmboed vbgt argivesh is
- determned by a given: index, and this adaptive excitation code vector is
~VQ gain- cOntrcﬂﬂdﬁkiranﬂmﬁhisgqﬂﬁpﬁi&zﬂex¢it&tﬁdﬂ oode yeetort bsavQadder
451. Further, the adaptive excitation codebook 443 gi ves adaptive
excitation codainmanfiralled chrouglhVQ gotnerentrotleruds? 450d - The .
~stochastic excitation codebook 444 or ul se-1i ke excitati on codebook 445
g| ves a st ochaglr‘ten S iamIMPE Rl veTOF ther puthe-adaptiyei tati on code

excitatlon codebook 443 gives adaptive excitation.code
vector to a code vector conversion circuit 450.

The stochastic excitation codeboock 444 or
pulse-like excitation codebook 445 gives a stochastic
excitation code vectqr or pulse-like excitation.code
vector, which corresponds to the given index; to a codé
vector conversion circuit 450 through a fixed codebook
selection switch 448.

The code vector conversibn circuit 450 operates so
that the frequency characteristics become closer to a
frequency characteristics of the input speech vector in
accordance with the index of the LPC and adaptive
excitation code vector. A specific structure of the
code vector conversion circuit 450 will be the same as
that of the structure shown in Fig. 5. Thus, the
frequency-processed fixed code wvector ié vQ
gain-controlled by a VQ gain gontroller and then given
to an adder 451.

The adder 451 adds the given adaptive excitation
code vector and the fixed code vector together,'and the

added vector is assigned to be an excitation code



vector, which corresponds to the given index, to a code  vector conversion
circuit 450 through a fixed codebook  selection switch 448.. . The code -
Vector conversion circuit 450 operates so .that the frequency =~ -
characteristics becone closer to a frequency characteristics of the input
- speech vector .in accordance with the indeg of the LPC and adaptive
~excitation code vector. A specific structure of the code vector. -

? “conversion circyjt. ) \Winlil Jbe sane, as. {hat of the structure shown in

CFrg 5 Thus, |t EetBly Snia d ¥haf Biin Aq gttty eSS 1T
gai n-control | ed q %f£ P (ﬁﬁ}' | ' hen give 1o, an. adder 451.
The adder 451 adds t e%&%\azéeln% adap %/efgeawgé‘fgﬁ gcﬁﬁgt%%ﬁ%ﬁd a?'ﬁ]e?%; fi ?<ed
. ‘code vector toggkﬁgknfand_the added vector is assigned to be an excitation.
‘code . o ~ . - 28 - . vector, which is then given to

S asynthesis filter 45 J SURLIESfor 11450045 QUL S, Bigumibes! zed
~.speech vector. he code excrtation Tinear predictive aecoder
ente' o, eheutuen ef dcprgssar, i e ofell el gRAR"
features of the DiRHed Wfpr\ré&@orq@t?i% !_cap' PEK ABLEE dSrdsed and
transmitted as a vocal tract paraneter; pulse-[ike excitation codebook is
provided for gi idiy ettt SRibfAidn¥), Sour ce paraneter;

iméortant featnres of the present invention aie
that the LSP parameter is'used'and transmitted as a
vocal tract paraméter; pulse-like excitation codébook'
is provided for giving an excitation source parameter;
and a frequency characteristic of fixed code vector is
‘controlled. These featurés can be independently
provided.to each of the coding éppafatus and.decoding
apparatus without failure of the advantages and effects
thereof.

In addition, the coding apparatus and decoding
apparatus described above are related primarily to the
forward-type code excitation linear predictive encoder
and decoder, respectively, but the present invention is

- not limited thereto but applicable to backward-type
code excitation linear predictive encoder and decoder,
respectively.

The above-described encoder and decoder were
intentionally designed under the technological basis

for seeking to solve the problems induced from the low

rate coding of 4-bit/s or less. However, more
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and-a freduency charactéristic of fixed'code vector is controlled. These
features can be independently provided to each of the codi ng apparatus.and

" decoding -apparatus without failure of the advantages and effects thereof.
In additi.on, the coding apparatus _and. decoding apparat us described above
care related prinarily to the forward-typg code excitation li near _ _

- predictive encoder and decoder, respectively, but the present |nyent:pn S
‘not.limted thereto but applicable to backward-type code excitation |inear
predictive encﬁaPr%%m-,renmiﬂ%wn be reanﬁequow%-m?cr! beld _

~ encoder and -decoder - wer.e.: i ntentiopal | y:desi gned under t he ‘technol ogi cal
basis for seel®fyadPriad &9 RAGRATeAnd MrredeTs A tigh sate ate coding
of 4-bit/s or le ' -

A s |_|0 , [ . . . . . _ 29
" favorabl e soun&q%éﬁ, ’fgddﬁqe{ﬂ‘%ggﬂ'e%?e%ﬂq% Tﬁtq hﬁe%/ha_‘]at]@’%ﬁﬂe&)td_ _éZP‘il'bt -
'€ ' s -qf  hi gh ing.: If t er coding rate'is
ST oambi e bot BE e Ao SRt &p&%ﬁséﬁ%wﬁfa@% e”
itati deha b - ted effectivel at her than sel ectively
oporati ng et nERCHESAbY CREIESE e 1 oniAiad FHfRtiLe. | | e

excitation codeReQk. than selectively opel.rl\al; r;rgRlel . L'l':hCeAle*ll.'clnc 2stic

'excitatiOn codebook or the pulse-like excitation

codebook.
INDUSTRIAL APPLICABILITY

According to the present invention, it is |
considered that a frequency characteristic of actual
excitatioh.code vector is relatively-closa to that of
an input speech vector and, in order to make it closer
the frequency of the excitation code vector to a
frequency of the input speech vector, the stochastic
excitation code vector is convolutionaly computed with
utilizing a specific impulse response. Thereafter, an
adaptive excitation code vector is added to produce
excitation code vector and, therefore, an excitation
code vector which is well adaptive to an input speech
vector by a small number 6f vector can be obtained and,
at the same time, quantization error can be masked with
conversion operation of an excitation code vector,
thereby improving a reproduction quality.

Further, in addition to the adaptive excitation



According to the present invention, it is considered that a frequency
.characteristic of -actual: excitation code vector is relatively close to
“that of an input speech vector and, in.order to nmake it closer the

- frequency of the excitation .code vector to a frequency of -the input speech
vector, the stochastic excitation code ygctor is convolutionaly conputed-.

~wi'th utilizing a specifitc inpulse response.” Thereafter, an. ‘adaptive’

- excitation code vector.is.added to produce -excitation code vector and, -
therefore, an @edehaakrand gkochastic wreitation|dodahgoHl ,vouksarlikput
speech vector by a snmall nunber of vector can be obtained and, at the
same tine, qua¥Hdiatiereqadenagk bis riksresed (vhicthh eiauas thereni on of
an excitation code vector, thereby inproving a reproduction quality.

Further, in ad®@4isfriike Rrcieation eode twester composed of unit =~ |
- 30.-. codebook and.stochastic excitation codebook, pulse-like excitation
codebook is di s‘ﬂ%&ﬁwﬂ% AcFAin@El B 2 TP -Fracking  tit? FPessch

‘vect or conposed ,of it jnpul se and,, accordingly, Aa.rapid tracking to a
- speech si gnal %*&Y#‘%i%ﬁ?%ﬁ?ﬁ‘b‘é ?%%l‘?‘ge%e,a]:irﬁfg Ara - |ijke

- i i 0 d r..can be, f. d d i f the speech
aronar. o o RlRR g R nE O S00¢  eSe B tod e HRred REof and the

present invent IS0adP SO ELL" Al SepBllA SDEff ST, (he Spparatus of the

Besides, since the pulse-like'excitation'éode
vector and the stochastic excitation code vector are
sﬁitched over, the appératus_of the present invention
can be adapted to low rate coding, and a favorably
reproduced speech can be.realized at the time , for
example of a transitiénal'period of the speech in which

- there are fandom signals and pulse-like signals
together.

In addition, according to the code excitatién
linear coding apparatus and decoding apparatus, an
excitation code vector is selected and used from either
'stochastic excitation codebook or pulse-like excitation
codebook and, therefore, a favorable réproduction
speech sound can be realized with the condition that
the number of coded bit of the excitation source

- parameter is small.

Further, the vocal tract_parameter for sound
synthecization is used as 1SP parameter which gives :
less distortion to the vocal tract vector than LPC when

it is coded with a smaller number of code bit and,
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. can be adapted to low rate codfhg, and a favorably -reprodUced speech can
pe realized at the tine , for exanple-of a transitional period of_the_
*speech in which there are random signal's and pul'se-1ike signals -together.

I n addition, according to the code excitation [inear codi ng appar atus and j..°

‘decodi ng  apparatus, an excitation code_vegtor is sel.ected and- used from
.either stochastic excitation codebook or pul se-like excitation codebook
~and, therefore, f ayorabl e reproducti on- speech sound can be realized With
‘the condition tﬁg?re¥‘ﬂ5enuﬁﬁEF°GP°868§quP€-1§Y Becackerent codisgurese

paranmeter is snma the vocal tract parameter for sound

h
~ synt heci zat i on anugsdlﬂgrPgﬁh gFaﬂePeyoﬁﬁ;cﬁrapﬁeEarPE§§eﬁi§@&M9Qm¢ﬂc)the

vocal tract vector t han LPC when it is coded mnth a smal |l er nunber of code

. bit and, - 31 - "therefore, reproduction
quality at a | ower codlng rate can be inproved fron1a vocal tract

“paraneter vi ewpoi nt . : R S - 32 - What is.
claimed is: - L
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1. A code -exci tati on 1i near. predictive codlng apparatus mhlch uses an.
excitation signal of an excitation codebook as an excitation source
~Ynformation of -aspeech signal, the apparatus conprising: " a codebook
" vector conversion circuit nmeans for converting an excitation code vector.
“selected fromthe -excitation codebook ing® a frequency characteristic
‘whi.ch is determned at the tinme of . the output of said -excitation code

“vector - 2. A code excitation Ilnear predictive decodlng apparatus
‘whi ch uses an excitation signal of an excitation codebook ‘as an- eXC|tat|on
. source information ‘of a speech signal, the apparatus conprising: =~ = a

codebook vect orWhahvésscbaimedciist nmeans for converting an excitation code
vector selected fromthe excitation codebook into a frequency
~characteristic which is determned at the tinme of the output of said _
- ‘excitation-code_ vector. - 3. A coding or decodi ng apparatus according to
claim. 1 or 2, hher eh rcode %%GétﬁtboorléoaaerpredlctivelcOdMBgns gener ates:
an i nmpul se-response of a transfer. function which is determned in
" -accor dance mnthagpqgegys which uses an excitation s19nal of38n- tract
-~ par anet er of an | utt geech signal, and -

tat on odebook “as an excitation source 1nformatlon
of a speech signal, the apparatus comprlsing.

a codebook vector conversion c1rcuit means for
convertlng an excitation code vector selected from the
excitation codebook into a frequency characterlstic
which is determined at the time of the outpﬁt of said

excitation code vector.

2. A code excitation linear predictive decoding
apparatus which uses an excitation signal of an
excitation codebook as an excitation source information
of a speech signal, the apparatus comprising:

a codebook vector conversion circuit means for
converting an excitation code vector selected from the
excitation codebook into a frequency characteristic
which is determined at the time of the output of said

excitation code vector.

3. A coding or decoding apparatus according to claim
1 or 2, wherein the code vector conversion circuit
means generates an impulse response of a transfer

function which is detefmined in accordance with a vocal

-

A
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~convol utionaly conputes the excitation code vector with the inpulse
response. 4, A codi ng or decodi ng apparatus according. to claim 3,

<wherei.n the i npul se response of the transfer function which is depérnined..n -

_in.accordance with the vocal tract paranmeter is represented by: o
"H(Z)=(1-[err]Alerr]ajzlerr])/(l-[err]BlerslajZ[err]) where aj(aj is'lto
. p) is-linear predictive coefficient; pis a vocal tract analysis order;
~and A and B arg ranged in:, 0 < A<l and 0 <B< 1. . 5 _ A coding or
“decodi ng appar é’i’i%&é&%‘m\‘?\ﬁe? o°€| 3 pirguited sﬁﬁ%&éi ?liqlhﬁl'coﬁ'égvect or
ceonversion circuit r S nerates_an j.pul se, response of a transfe
function whi ch SERIEFHFREHY | GOMRETHAE HOREEROR,GPIRVRPEER FAED and
~convol utionaly gomput es e__excitation code vector with the inpulse
ERTHE AL roftihed

 Qresponse. 6. Tng apparatus according to claim 5,
- “wherein the inmpul se response of the transfer function which is determ ned
.I-kn accordarnce wth the excited pitch lag is represented by: - where [err].

Tgnal o ST ST Batng f00%askodi gl Epphrats GBolalialtbitIAIE
-apparatus accorgli nghéfefhathe limpulse response of the transfer
o | fun?tion'which is determined in accordance with the
vocal tract parametg: is represented by:
H(Z)=(1-zA'ajzd)/(1-zB%ajz!)
where aj(aj is 1 to p) is linear predictive

coefficient; p is a vocal tract analysis order; and A

and B are ranged in: O < A < 1 and 0 < B < 1.

5. A coding or decoding apparatus accoraing to claim
1 or 2, wherein the code vector conversion circuit
means generates an impulse response of a transfer
function which is determined in accordance with an
excited pitch lag, and convolutionaly computes the

excitation code vector with the impulse response.

6. A coding or decoding apparatus according to claim
5, wherein the impulse response of the transfer
function which is determined in accordance with the
excited pitch lag is represented by:

H(Z)=1/(1-€2°")
where € is a constant satisfying a range of 0 < € < 1;

and L is pitch lag signal.

A
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or 2, wherein the codebook vector conversion circuit neans convolutionaly
conputes the excitation code vector with the inpulse response of the - )
transfer function which 'is determined in accordance with - transfer
. functions represented by: ST T
- H(Z)=(1-Terr]Aerr]ajZ[err])/(1-Terr]BlerglajZ[err}) and - -
HZ) =l /(I -[Terr]Z[err]) where.aj(j.is 1 to p) i-s linear predictive o
coefficient; p_,is a vocal tract analysis order; A -B-and E are. ranged.in: .
0<Ac<1, 0< B<? gading<oreferodingngpparstugi acrorddngi gnaclain 3. A
-'code excitation_lipear gredictive cQdi ng. apparatus which uses an :
excitation sign8F gf whereip; the sRdebaekoyrcEsTagoBNErSAPRORiECULLe
~information of_a_speech signal, the apparatus conprising: - a _
pul se-like exci?ﬁ??gnceﬁﬂﬁ%gﬁk°ﬂé XSC?EB“§F§rFH§ eﬁ&ﬁ§é£&9§e°@§@itation
~code vector conpg A code excitation |inear -

f .t . Inmpulse. 9.
~predictive bodingéggﬁggfgﬁugﬂézéﬂbgﬁﬁﬁs?8589&?ﬁ18? ﬁﬁ@r@?ﬁnﬁﬁérafpﬁratus
| th L] tati d X ‘the pylse-li -
SRcitation codcheaftabnuRIEh 2L, ARLERRTRKR IR arEB ARG, FERB exci tati on

code vect or

transfer functions répresented’b%? -

H,(z)=(1-zAJajZ‘i-)/(;-zéiajZ'ij o

and | | |
H(Z)=1/(1-€2") |

where aj(j is 1 to p) is linear predictive éoefficient;

P is a vocal tract analysis order; A, B and € are

ranged in: 0 < A < 1, 0 < B<1land O < € £1; and L is

pitch lag signal.

8. A code excitation linear predictive coding
apparatus which uses an excitation signal of an
excitation codebook as an excitation source information
of a speech signal, the apparatus comprising:

a pulse-like excitation codeboock ﬁeans for storing
pulse-like excitation code vector composed of an unit

impulse.

9. A code excitation linear predictive coding
apparatus according to claim 8, wherein the apparatus
generates the pulse-like excitation code vector from
the pulse-like excitation codebook means, and

information of what pulse-like excitation code vector

* [4 L L H] *
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is selected is transmtted to a code excitation |inear:-

appar at us. 10. A code excitation linear predictive coding apparatus
aim$8 or 9, wherein the . ‘apparatus generates a vocal - tract -

hccordlng to d
paraneter, and

transn1ts the vocal: tract- parameter in the formof a

i near spectrumpair- parareter to a code gxcitation .Iineafgpredictive'
~decodi ng apparatus.- =~ 11. ‘A code eXC|tat|Qn |l i near predictive decoding
uses an excitation .signal. of an ‘excitation codebook as an.

appar atus whi-ch
excitation sour
conpri si ng:

pul se-1like eXC|Eaﬁdmmumxkadenndﬂngxappamakmé an unit- inpul se. 12: A
| i near .predictive decodi ng -apparatus according to claim
apparatus selects the pulse-like excitation code vector

code excitation
-11, wherein the
‘the pul se-like
information tra
predictive codi
- decodi ng appar
-_436 -

ds iselecmd ds tfarmsmmpessd €6 Watodd r‘ékcs”.ﬂplﬁ!?\tfi:?ér’zlSlJ.near
a pul se-I'i ke excitation codebook nmeans for storing -

excitation codebook in accordance.with a selected
i t e @depmrdictatdiore shirein preditettveidadimp | i near
ng appar at us. 13. A code excitation |inear predictive
APPITR G mq‘r@rtq}ns dinglaim 8201 vherwherair the

apparatus generates a vocal tract parameter and
transmits the vocal tract parameter in the form of a
linear spectrum pair parameter to a code excitation

linear predictive decoding apparatus.

1l. A code excitation linear predictive decoding
apparatus which uses an excitation signal of an
excitation codebook as an excitation source information
of a speech signal, the apparatus comprising:

a pulse-like excitation codebook means for storing
pulse-like excitation code vector composed of an unit

impulse.

12. A code excitation linear predictive decoding
apparatus according to claim 11, wherein the apparatus
selects the pulse-like excitation code vector in the
pulse-like excitation codebook in accordance with a
selected information transmitted from the corresponding

code excitation linear predictive coding apparatus.

13. A code excitation linear predictive decoding
apparatus according to claim 11 or 12, wherein the
/

M O 0

predictive decoding

in
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. apparatus receives a vocal tract paraneter in the form of a linear
spectrum pair- parameter used for vocal tract. reproduction froma

- “correspondi ng code excitation |inear predictive coding apparatus. - 14,

- A code excitation linear predictive coding or decoding apparatus according
to claim9 or 12, further conprising: _ 3¢ _a code vector conversion '
~circuit means for converting the pul se-1Tke .excitation code vector

transnmitted fromthe pul se-l.ike excitation codebook into a frequency '
characteri stic WPRAFYSEeERhYRBIRavocabetTat perameper &n the fokrse- i ke
excitation code veci

inear spectrum pair parameter used for vocal

tract reproduction from a corresponding code exc1tation

'11near predictive coding apparatus.

1l4. A code excitation linear predictive coding or _
deccding apparatus according.to.claim 9 or 12, further
comprising:

a code vector conversion circuit means for
 converting the.pulse-like excitation code vector
transmitted from the pulse-like excitation codebook
into a frequency characteristic which is determined at
the time of output of the pulse-like excitation code

vector.
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