R

_EP O 259 950 Bl Description Technical Field Qur invention relates to speech
‘processing, -and nore particularly to digital speech coding and decodi ng
.arrangenents directed to the repl EpatasgsgBispeech, utilizing a sinusoidal
‘nmodel. for the voi ced portion of the speech, using only the fundanental
'-,frequenc gﬁia subset of harnonics fromthe anal yzer section of the
-vocod}a‘-rd “Bxcited |inear predictive coding filter for the unvoiced
-portion ech. 70 Problem Digital speech communication systens
i ncl udi n%':ﬁhmg FreR orage and voice response facilities utilize signal
conpr egsi ONodr Ondel brt rate needed for storage and/or transm ssion.
- One knowge&ud L ngg,pga& reg:t 'ﬁ%n@d rgorg|j Padiculasi o i digitalhspeadht togiing day R
J . McAul -@Yrtiol speech ‘Hrfgﬁc d'tt"lzdﬂs “Uiﬁ‘lﬁgdal@wd f&Bi time goided all
- Speech Magibn of tﬂgr\,@&,@ , ed n L dr o % Pr‘aF syb§eifob hasmenics fromAbemanalyzet s
Speech, and Signal Pr ocessr ng Ef ?7?“’ ' 'f°2‘f'°8“"2‘°2d79°€¥'°40(t8a$pe®hego
U.S. A. Pibhlem article discl oses the use of a si nusoi dal speech nodel for
encodi ng and decodi ng of both voiced and unvoi ced portions of speech The
~ speech wav dfigitainspeechasolimurieaion Bystdtf iddhiing 2R of A vocoder
model i ngsignraeconpesssitn mmeéauhm.asteae&;dm orﬁi&e?h%% é%ﬂdlgs' Eonctiinke "mg%/ H8%aves
“conpr i se8pieg Schemeraisgiatiased mrth dritl BYaR. DDVIdAGR, Rk &l Lémagﬁg,g 6ty Aleon %'s%??a"
expr ed% e Siysofdal Bpeech MpdeTh @rocesdings bEIEEE KdtAktibrRl b]mf&iérfée colsfi g’pee H 'a
anpl i tud@'g%?hdf%?ﬁa'% ¥4, Vble2.9p @26 h2ned @ad Ditigo, @8RG ClnisV&lidh didloséthe Qeyof ven
por nt i ns"t‘ts?f%a' SPEREN Werlel for prrcodingsEid igodkiing of botvoicsd BIRY drsicHR hole lE
%/ é’éﬁ"%‘{ﬂ?fg s Aralyaeshis dho anplyzehportion af ¥ 2axoddp 6 no@slingih sﬁéeétﬂﬁﬁbr’o&ﬂ ggga
__t hese v é%g § ) °§%/m'5h§‘§1 Hesine Wevasi comprishs thh fundaneantat dnd GhieShakrhdhics BERS Bpeech
wavef or musing: SFPETYA 1. The McAulay article discloses the determ nation
of the Li- e phases for all of the harnonics by the analyzer
porti onaécg;tlca hggﬁ@é@g t“}a)]md the subsequent transm ssion of this information
- to the 3fhe isMOLAGSd o ot the v coder By utilizing the fact that
‘the phasdy igher &innﬁ%q i eﬁ,é r9 'l?cfaeﬁ?by'avetorre respetivehs Btz er
- secti on phadee inthd Salybdr gm,g df e va %’ by geiveminias the anRlibdes and tehe
~COT I espapekich gag@hoah @sing obl ﬁ.o.ana Zer erm ?15’5 tyﬂtaisgefr%ﬁmywer rgeonstrugintheh e

fast Fouri ®e MemnsTHHd8 dikdiobes FBESR} t appear eaks within
 thi's spéeetmonios Wthdm%r%mam%kﬁgﬁl Athggl?‘ : J?n r sm.sa 4! ‘93"9&“‘95 and
anpl i %udwYheskzertsagtioh uhtla veite Byaflzitg ,f %a, il

det ermi rieauentye t@5syhihestkanesttial detdddlingd +rorﬁ1ﬂenﬂﬁuaﬁeﬁl%ﬂ THCharm on r ?LFUdeS
~ t he anal%)"e8ponding pBases. SThe lasdlyzbmdetsimmés Bese iRqicRSesSHIA ga une jﬁ‘g‘, rzl
fundane r?P%F’"'aﬁtﬂc%ﬂhPY grfpoar e pheks within thisfspedtrund by ideimg alnyfg ,dk Jgi ng
ot ransm%f_I ncies 45¢ @MPldyrew & the findamenthiaand zhel ham@Aics) OARSHhe a1 rth'gs gggrm gg&gd i's
requi? ?fhelf't?h llt *ﬁr’%onrcmeerqwma ovs émnhtudesherea:na#zyiﬁnsrﬁ:% tr.etmamaro Qﬂh@er
“In addi 1% he frequencies and anplitudes are being directl
d &Er m g) ,9 ex'stg m ‘f'radijn @hihe hagmopie frequaecias erdus| aniplitgdes p&cbdugn&anamggdhgr
'pr.obl em, S he he IZ * PeF o BtscRAr edoeshs reauiréchiornenbeynitit infoenati@ fbrage Ur at e
to alg O\AE?J p‘gé sm%a?wge ?héé’ﬁﬂ“?" ancharentitugassire/leping aliratty détbrenined
~ Sol uti opg ed must 0 aﬁow{" Z@"? cRroRle exipis e thak dher Fjechiqolatida em

" and deficiencies of the r| o Ar T5Trg OLiNPse PR cespitingdy atnaivg eompethioaved by
.'provi si eswteh a met hod and structural enbodi nent in which voice analysis and
synthesis is facilitated by determining only the fundanental and a subset

.of ~has moniToe foresepti Gventies soivbs afe ABS VSRS PihGLI0Y: e speech in a
- ‘synt hesteghmicalagvansa iagclaeved Bywisrovigitnl of BB ﬁtﬁ?% n% éeﬂgeﬂ Ier?t) E:w vo:p cech.

. This no@ns|sypteesisinfetiftaiet mychetemrhinitlg silethé AkHIRALAY o t 8% 2R Hroni c
- frequentielzerand by Bolicating dher spaech i A gynihasi4bp by Gsrrfg"aeéﬂﬁﬁ'cm%l ﬁéde Bt tﬂg ngid%s nphed
fr'om t hef sPepstiathisrmonel i conytietedyusing R guraamantl @d B8 SubsRRF i ﬂ?qﬁé}r te?ﬁ e f rom
- the thel? BMaking hpmenip fiequericies dpeiag datarsined &ﬁmnuim&%ﬁfréq%nc}’&‘?n

- -and har H8A"e<? Yarianch diomdthe dheereicalt hepmmmivi ftebyesticiés: Tha hrhﬂ:tnﬂ&@#oﬂw%rfuﬁdgn

" “synt hes Ee erﬁn'"l'cs ‘E rdiregiiy dr a&?’?ﬁeﬂtf{?ﬂefbe anayzercodhaTsynedsiak; ke, S HpRcdes é:?;’ from

‘the | | F‘(Pg‘eﬂ H‘Q the_inear Resiictive eidiogit I°Capmbfitiats BN HEME bEYgy
"~ recej v Ilh re “I‘ﬁr"ss'Q"e§Enf't fowprpitg jbging feuima td tyanérerwahmhhénsorbel ng

" requi red tn ,,(t, ypaideling %BWV‘ES‘Fm'S@"qf@EGWB'ﬂM%tr ng the anplitudes than
©the di et mé Ii:ﬂ:f]g y :5‘? f"h 2P't ‘t?fﬁ%’é'“es the Sindamentaloand ddrmeic degqendict | on,
"~ the anainéaeie dﬁgle 't Lfﬁ? hon daipg am igterpslatian 1 motgLrsevisele Slethimane t he

" FFT spectrum by fr nd | ng “The peaksre ‘d"tﬂ’esnad’df P HeAupney cpgsisient plothet RFTNOI €

- precisely determ ne where the peak woul d occur within the spectrum This

'aI I ows the frequency resolution of tBe FFT 3



‘EP:0.259'950 Bl calculations to remain |ow Advantageously, for each voiced
""s,pe:éch-._---t‘-r ane the synthesizer is responsive to encoded i nformation that
consi'sts: of frame energy, a set g o98§6§¢gparaneters, the fundamental
'-frequency and offset signals representing the di fference between each
theoretical harnonic frequency as derived fromthe fundanental 5 frequency
-and . a; S g#eudationsfto reeaein dow. har noni c frequenci es. The synthesizer is responsive
to" the~/6f fAduantagpauein| far epqk] veited sberctl dmme gl syfthesizorein Caspeinsivd) & enbsied FiGmkiah € a
subset’ P taEisth gt FAme; werghasest o $peerh parostoe sihe ddangntuidreglisacy) b GitsetSlighRa | S
-and. furgl E‘P"’W% BH@Pfﬁ'eetbG“eﬂeeapfmﬁe@meﬁﬂmmohm drguuenayyas fdenved 6o tiiel fiv@laisteal
renai hi PipE actug! pgimpnic freppencigs; Thé exsthesizer issesparsive Risthe efsbicsignie
frame e ’°§ CYotione Jjeeﬂw'aﬁﬁ s TgaﬁfamWelqmmmwmmmmg to
'_-arrpl i tu% o '93 ﬁi? ' n e'hgiil’ "E'Y‘I?_;FPthe fungamenia) Seguaney fenrcamepiiting fisaseaisinginal s,

and. the eﬁﬁﬁ@ |u i %Ve 'Ph*éeé 7FHe Feay @nd tieespt o shéclat es
t he ‘spe an{aﬁﬁggﬂﬁgmg h {a& Eﬁ : &gzﬁa © SHRyot of banapierphrse sighniss e
Si: gnal S fufidrhehtiGsi r%or{? ph Igp eam |

R’)‘&ﬁ sa R SRFSPRin respense o the
“synt-hesi Z%v&ﬁ&b\-} = | in¢ rmo ?f'

ﬁals |n one

-enbodi - meRmy ik TtHemaNdoHig ol S

“f I equentaqueneids td’;zzumaww;@,rﬁrjaqu@ﬁ,g ,gdsglg rseque C|"8ys "td y eé'avla?lTP éeftuweg

I enaimmi.ng Adentagsously, fhaseeorfl eghibadiient, %V@'ﬁ!ﬁéﬁer%éﬁerﬁes thérefhaitii RMm? wadiment,
‘the synsigrelibe dirst gasreinhy @ thdomtica RRnGHId YebglEAESTBEHaE by rn%ﬁHl?iﬂ& o rﬂx § P first
“det er i ¥mesghe fuadanieatolr feianay sitral. ITHE syhtHosiRA HRA Glboudd B8 Hodrektd t he

i har moni #onalrepieaspariding 4o b eerrfaining diarerotie iredub s WRIRGY il Hskabiity of tg@bsgtg rgg e,g,,
grfbﬁﬁ%“%web?rwebaﬂemueas thia arigmhsubsety o Garenty plabsighals afdthéreRIBOSHh Bih 0 the
: r e h%ﬁ"ﬁ'ﬁrf? dher pasgerepding einginiag thepmatical Bieqobriay asighdly oDback LD SIRL BlurBidE B

ghavu ng ﬁ?@"%‘ﬁﬁé@d Emaining hgrAopis freauench signals. Fheainthesides this utilites iR viRsy C
_phase s |°8ﬂ X ' f QPP"%WaE&bW'CB'Fw fheeerediningcharmonig nbdss sigmalst he cor r espondi ng
remainig a%ﬁit% o "B iNgrRyNtesizer eomphtes fhe trémeainirigLhaemidnicyireqdengubs et s
10 ggn exSe : r:% i d ) "WB o oxgepting fgh e oulpipt e ffseT signalsjsemautedz er
‘then utyl4 c;,'%ere %9 rt% 'Fﬁ°ﬁ’ cahba‘}"ﬁﬂ}'ﬁ feeapeney giedleyo gengtate veriadgernaiingu| at e

.the renal pl va eousl inathird
“enbodi W’%ﬁ&nﬁgﬁﬁuegw& tﬁ(g%%%gferrﬁmgq w8 %ener%&% ﬁ FRSHeTeY o iﬁ@ Sor der
scale e

- Si gnal St 1 kel of dpBech PEranaerd 'BW“?
- ?L t lmetf&iqf‘ile% sr&aﬁﬂﬁe’isflyhﬁesl%nrmﬂ ?r%)ha 2 efer "9 e ,ﬁE e aedto the
eor etsutaied hascalaendrg,/A6| the Mae Sih &onl
har’ rmnlsmnals equency signals. | ne addition, datehe sy ntﬁeem Zer fdt armo"'c *The
- anpli t ude¥o improve ke qhanndamnbmbdu&amb@n GMe ﬁhcﬁﬁe.kta et Qaah&rﬁ.@' gquency
si-gnal shawmsénemhtatsgngs tila @onstasred toatpresaftaOingRfsaRe6 tﬁag fny;ﬁgé‘ of YRS sPebd cghraéif’
~ f r eq¥eriey theisymeesicerfusesrinterhelatiow to rpdduepreetinioys 38ragILHR6IighsUD the 85%abh fdni/Ter WA SUNS
- these  (hisuageagntalfad farmenic tequericy sighalst A sinilarintenslaio poi@EEEREWe ShAf@bSer The
'sy nt’ heéﬁ E' tpe tf"ﬁ'gﬁ“‘iﬁ' ang Fﬂ?“m fresmenciod nit thg yadfacant &arod isodn dveicdaafamathen Begnal s,
' éﬂ? fandapeqial andrioe harreonicrsignals arm essgryed: to be comptattdrom e raiagd oft udes
_ of e c egv o t n 'hi“‘é" E%“%‘P’*{?f?&? de amplitidep arpassunied te)bel'd"tay thefbotridery
“trepr oduce %v 'ce HEnt al reguency signal and the conputed
farr Tonj [u?él o ﬁéo % i o8 7 ’38’8?1§'P' Sy ieefl disjugeson got:of Spaselh earametpb.e i n
Vi

m_dg t s2Lr id REponieas t“f‘?efg’?df'@?m‘hé‘we'i’%ts@ﬂf!oT'ut i on

al
1o pr o SyRHGHS o5 ce? % %55?‘3 jl:iy Eﬁ"'ﬁe’eé%"%" o geHne

- f und@nmepditadon LRI b8 R HiHesi Jr Ok x |tat| Ylﬁtrp?gﬂlﬁes
per f-or nmtnditpiisé HRitaABPMoimiElsSto Sfcit QFuErE eec ra ee ; l‘llse

-1 r equelircadettion, Ivhed b GramslioR &eide  HoRNE vdicad Q&a&nﬁh‘é&ée‘aq aésmggt?%quency
of -bot:liromhite frelced tanienisaihitiah Gsda® BOELETRI ferSthdl n@hﬁ,zéﬂ ﬁl hat‘ﬁ§'1’j lg§ to nst ant
“from:t hréormttddbmngihetuhmcdwregieﬁl franme to the unvol ced rama er eas ?h
‘anpl¥tudes are assumed to be "O' at the boundary 40 between the unvoiced

and. vonBée‘d)emﬂatmesfthﬁ\Emmageousl y, the encoding for frames which are
“'unvoi ced_i ncludes a set of speech paraneters, nultipul se excitation

i 'nf or'mat 1§l ilustratpscin bleslcdiageam fom. & ygies aalgreai aplotdancehvith fhisndiammemt al T r equency

si-gnal . eé ?tPﬁ')g‘l bjask dipgram fogp,erigice synthesizeniniampalanmedvith thismevettoat | S
i ndiat ed t Ragkat pontaining dnformptiop for Ksplicaling speech duing waicetl ygensi gnal t o
- synthesi g¢ 's rlotﬁs ﬁacé??ﬁ?tfi'ﬂﬁg Grofmafignsipr eliceting spassh durieg wweicadfregiqe etiaing

- pararnet e | citation. Further, the synthesizer is
Fesponsi If/% %Mo A QQe Clkte ‘f°"t(§r"|""93)ﬁ mation ik renficating. oice ifyring Hnvdieed regions wtilidieg t he

~‘mul'tipul se excitation information to excite a filter constructed fromthe
.. set_of speech paranmeters signals. Intaddition, when a transition is made
j.froma voi ced to an unvoiced frame the set of speech paraneters fromthe
voice frane is initially used to set up the filter that is utilized with
the de5| gnat ed eXC|tat|on |nformat|on dur| ng the unv0| ced reg| on. 50 Bri ef

o =g o~



*. " speeeh sgpgi TeSiomiaiidalbr #oSs ra!?&\éﬁeffﬁ

© 100 - tr ethomirtangemenis yal kidwh e 20 Piich dﬁt’e
" exci t atPEWrR2iand the sbeschi sepies RocSive WEpdth@ 1

arr a8 0aVEIEddSrakve hﬁllzrk@ﬁ’i\’.}fﬁp
©path . 110d hdsrsigraléd ﬁarpatrsreﬁlm&ﬂﬁ@ﬁa

FlC f':2 illustrates, in block diagramform a voice synthesizer in
_'accordance W th th| s invention; 65 FIG 3 illustrates a packet containing
dinformation for replicating speecEP@Lzsafsgoml ced regions; FIG 4

‘il ust rat es a packet containing infor mation for replicating speech during

'-unvor r g6 o&gﬂahrtr l'izing noi se excitation; FIG 5 illustrates a packet
_'-,cont ar ngFjGngg for re |icating voice during unvoiced regions
utilizing g men 9m YEY "B high,yolce fiame iseamteienial FIFIB. | Gveitdps WpdebR & Sos AR

"Wt h-segemhdamehthi@nd Harhdr '"t?'W'ﬁ'P'aﬁW¢wy theesynthésbinof BIGI 8Mor the
2 for the 5 f undanent al and

f! d
Eg m(;rnmg fgg&mgﬁdﬁﬁmoﬁ] ol B ?'%"P'égem'f"f?dd’w dsteyptbasizer of IS, 21drampRides | ON
:__:.jperforrred He. q-m@ragsud)@@uggag, ggena(g I | tudes of t he fundanent al

manner-i-n mr eh,,l}épétgselrjfgﬁé{?r%t nter 141 of FIG | overlaps speech franes

- and “har nonfles-fie mmu@nmue:stratel:tn ow& i'gnal processor
_i.npl-er@nt de plow implerfenGtior ofdiiadméiyzerlgl }rtrGﬁ rp(f)olgé?ptr gn G ﬁ'qﬂﬂgpg’qcaqsg' 908 iof FIG. 9
“flowchart F@F-n¢ twough dgMiastatepin MadrahGh Brchr gessor 903 of FIG 9 70
" to.allow | BAEIB at 160 mhllwhmpraﬁa*ﬁ&%fﬂglsgﬁws&r(ﬂ)’ expeutien efdigitely sigat ough
19,4 1] ust 1A% 202h anq Ritiusate, if wivohartdon| A té)ion exec“t | on Of
- di-gi: taI Lé@ [Pra5PS5erea03 of Flgcmtodloﬂhaumﬁerﬁdaz% |dPWg F ali utipn of ggital
“synthési z f FIG 2 and FIGS. 20, 21, and 22 il I ust ra q °¥| °?'?Wﬁ'éf’ft
- Form . ot,{r,]a E{ gﬁo%rﬁm routines to control the execut ion of di gital signal
- process 9 to allow the inplenmentati on of high harnonic
- frieguency gakquhabefALL of 15 FIG 2. Detailed Description FIGS. | and
2 show abub bf Méf.,rvgg}ﬂw roBECtIP A l%ﬂhﬁ@rzeam seqeoie sinthesizet, REPbcERlly, which aro the
- r espect ipddl10, o \ohd e ¥ § ) (b&fd:éa dfis teprogsiverty endidgoupecchRRRMI readhAl YAE "
100 -of  HdoGAdvnthgeodshS B gé priogite puathesizee 248i of €b. Bivad cRadhd) 120
- to.encodet r:dtes;@nmés@m@éy%ezﬁwﬁe ﬁrms a fonstespsmission oath 9sinainbet storagedaRSo Z €1
7200 .of -Fing, Andlyzér 00 Gheba 8?3' gq“"'c?ﬁam‘fﬁﬁlzeﬂwCMp l&aer paint in
" commpi Grigowichd asyions o |spg@c|pagnz| & three difigreatenedding teciviiques.
- synthes Performye ieuspidad \thadieinlg a8 ré(p%du&#dﬁ o%‘l% oé[f:?t' §h“F l{u‘r‘"P\V (Fytkesiaer209i ta ed
voi ce afundamentabireqpanicnts impartbd t5Bhe AN hedR By the caP& (p hiesyiacdces Y%é"'ved via
~“channel "9 20cqdes infoprnatign tHat allewslitlel pE&Atto BHG 3 '°°d2'89'°’1§lﬁ"ia'
" Vi ced rs Ftism sodirfo. L3 ditidr, with pryctiets em.oa”ﬂﬁ c% .s Y'“%I"Peaal | ow
syntH ?' ef%b q;ggs @rfmagg .NMettiplse wsetatba | is BR8d ° j"’“ rf'"a'rzer he
s peech unypigggsregipns dhah sontairi ﬂesﬂ/eroi,nsgnafng
- hnpart eu v lce 8ec§| rPg'g'lsr"éEﬂ'h neYectheless, adlassifindCies. unwj‘%nﬁ:ﬁi s@ée rtav ' %
- .anal yzelr n dye quﬂ”t?r'i'?ﬁt‘r‘"e'Mzer 98 trarminitosyitheiz6 P08 S BghaPink Gatih ‘{e ot Ed in
;- synt Besi zq},r,e ?1‘?701" "é’te 1“? hg&@fgteg;edéét i.ve coding, PRC er WI
. appropriigkes W dlrectibedt in greates del@it Bhalizeta6D B! er 30
100 f Oirge g aﬁ%%\ig& & rom a'° Tdtgft LfoBvertes gl maemmﬂf&mes)(beglﬁéiﬂar@ fra:ﬁfz
- txansmid @b IsQroﬁyd“B}]G‘rﬁlbu a o j gﬁﬂw %'ﬁ%gggg@\}ggpb;g; wdstoinRain bRRHeRES  hat
... COFit ai Ndiglzee sardiss YRR G, , % rpaloubitar dit] isarashobsive b @Rd
e Qﬁ@tté o3 %frcg]nﬁlt% gofgl dhe hwgan mecel taetiand| résidual
n%ergﬁm‘ﬂyrR?cﬂeﬁ%‘@e‘f PagArgling tchibe agangé-y z er

frul i puhen diectasbd ait ©.08) Ha&ntr@ho‘i% o\ 28 £, ppelieat
Lol Y )

gl im';’at ° ’°FWéa' G?tg?lggr%edt g;r ation
U of anal 61i§ oites! qronwaites.af pileR Getedtordh Plo¥esses
- the i grean "E’éﬁﬁ?'@sﬁ mwe@dwmodwmmn@h%%&ﬁgng? 'a"‘e 'ﬁ fﬁ F"%@TCKS#H er ms

“of fra 3 voiced, mr@dnq{j ulge dm'qs'egmnmﬂetérﬂ%e a etmr : Akl Hige frame is

*“advant 35581 %E?f@d@l' s 200 anphincio f laedarﬁéoﬁtsy”ﬂwé‘ ﬁ ? 4er a

. frame b§ra Me i, A GYeatos flopkslil oraise iexcititios isf6 bs G384 "'Hen"tRIE FY Gaf"tul at or
| -' eé‘?‘(? gt olock fbto v ehasizercl.sHowptee st wiitipaisé baMRion Q 59 t:,E

R
'.Coef i g é:&"%‘ QQE%E Ca@ﬁé"%mwdmwl transnaiis tthig brrhdlish ikl thé" g The
e

format | on” atl h %FP'?*@Pf@mss'mahdyngyomwd)e perf o mi‘
- accor dingg sty 22 3;‘2' fon @pabzerd@0cand isynthigsizdp 20(Pia inedkimediod HingihBreRNd
--assi gneoitdd tahfa éﬂcggéragrg if flugirated i iFiGt3, @maciet trér3mibd Qliring the
. . I',S ilosp ‘F@H "dE'ﬁe&tao# a@ket ansreitgONFAy/ 6h L O t he
NS esi dual Csisgleahow 8E Bher Xfl a%al ’ﬁF 0 m r d ta Srgvggggfrqsman}[)(:args p{td?,;iée\étgmél |as
- :voi'cedhiesigoat to et hine hethér trigie '9 vo%é t' BY 't deeigion bleck I istresmoreive
- voi ced, then blocks 141 45 t hr oug 7 perf'(')sr%bﬁ "Rt Jomeliuise meiation ¢ of t he

'._-:frarre However, if the decision is nade that the frame is unvoi ced, then
- -noi.se/mul tipul se decision block 1125det er mi nes whet her noi se excitation or

hul.ti pul se



L,
:ex0|tat|on Is to be utilized by synthesizer 200 to excite the filter
defrned by the LPC coefficients that -are al so cal cul ated by LPC cal cul ator
block 111. If noise excitation iEP60osdgsgsed, then this fact is transmtted
Vi a paraneter encoding bl ock 113 to synthesizer 200. However, if nultipulse

excitat tﬁ% ?"P'Eéﬁgﬁhw?flgcct)csnktr 110ffﬁ5(tojpdet ermnes a pulse train |ocation
‘and ﬁ! t fishiragsmi maitipdise anbigzepBIbdRSI0 1idBa
para e |s y s'ﬁgs“'ﬁ 9.’3?' Propaths B grchjiwe rsbts of pulesraBnMEd tn? pgu%‘ik;’% Qr%atl{zdgr 200
of . FIG w,% thé e[ ?TBHZ% W!S.’ﬁ'ﬁ@ f'ﬂﬂeft"wabmloemaisycﬂ o sbidCled Piskses along
synt hesig esc émbrﬁs e pat IE'N@?QS II3.1The: latter ainqueler e disol respBmsivb td ed
for a voi gadisesn ﬁlﬂmée g c.é. ol Bl P felefatar 30 fogm the gecketilustreted anG1 o
duri ng faéthhg veamwiingedsi nré ARE

in Fl G sighal tanéim tRe Gilusth réﬁl TBS'aﬂ?Iﬁv@ﬁ@edfeSnoam tottid i zi ng

I’T}J| t Lpgrdabgatedr;g%’ﬁ &bfggﬂué %{92 A 4 ,f C ago "ﬁS‘ﬁs’Pﬂ‘e‘?&%ﬂWﬂd{t@hmge?sat ![ on

of arval yz6Gensii@thoivin Gefet a6kl ames ce pitch detector

109 hadI@i Yrilbtetssviha .rpcam.o'aaﬁbt%;ﬁnsﬁ ff,r%ocae""" @f DWWF suhmflamppul se
ﬁalth to ?rg

{ar F‘t nolsp, Gxcifation jeco toa tutilized, iitsndidates sHig' at ed
|zm%

deci si oweffididntscdte dehBraies by @B @GN nté?.dtt Peh 29918 HEC noi se
or nul tfidieationsicthe ftt that thestrdn® i oiddiid {erﬁ ltte ot ?; fquda '30?""' S 5
EP .0 2489dementabirequendyi of dieh, volche regjiofy Which |.§194n§,a,hédﬁgg °r th? heted to
mul t ¥¥p %‘°'dﬂ9al"§'?@late'b¢meder 1318 raspansipé.tdithd. getiod Bk%nJ/eﬁt,lttgrther} tal S pt ch
_respon '?Fé?f‘ ogichnae! 139n Twatohal dndeby @N ebeboMOwithRLamE] o cg@aat J °§"ﬁﬁ'°lyt ed
Iates Colpuintar pnersttescho tby dakiny tHkOQuard/kbbot o1 SHRARA of [OCK
Thséeﬂt?'oﬁq@pleer arp feceive) B drang WbghRAteRloR NG Pt 1B, L i tude
K 9:ol5vgtecenewy vie dath 138 1Bparateer brizbdeR i3, encoder s al so
r ES pongé nltepl 4 S re é lvet 8’&#‘9‘96 fné:ﬁ@§ pangists vfeqdvantaeeqnaﬁ [1:11] %lésr WHBI-ﬂP ge
~cal cul gie ga,,L dids v,;,tp eﬁ? e RETPPIes) fropsanpleg-tediital cefivelter BI to loktract segments of
noi sel. aadn{ehﬂom )se,d Z%R'" fa’a??%'f"fﬁ“ﬁ%m Fiea s by eégrentsXaidtiain @NA|I S t O
_be Uti pérbeing b s oq.a;rs@s. f ERHER ohgvdnging ibd runes peird 124
-t 0 par admpiee 14266 Re5Asivelid fr '°'I §" tp%g Piats 0k the drambs. Down gnal
-t o f or e%6t daepl a6dnint, |rés[,|u@t ,ﬁ a av ‘P‘Hé"iP@h%r@emple of bait s
£ om bihisclowh bdmginglis 1 Rd@3I éivﬁlpﬁﬁ g t| ) whsg o 1 pamples.sThg muposeyof bl ock
115.. 1B4Ha Consi der now in greateér PRSP areRermed by Bipcks i#3end 100
- during aHaoining avindovabieck MRLE re3EbnSIVCH d trates the
i nf 8t N8R giNeR by thatiollpwing eqaatibri tfgoed f ro%agﬁlgiggzzzkéfﬂ %'Ot?sptegorg'q e‘["ﬂ% Vg presiien  The
- LPC co gfficients are generated by LPC calculator |II and transmtted via
. path 12 S‘f" jﬁaﬂéﬁ@ﬁ@wn)ém)ode@) 113; and the indication of the fact that the
frame: #ced is transnmitted from pitch detector 109 via path 130. The
".‘fungr,a'rﬁ]”tpurp fr?etquenc of the voiced region which is transmtted as a pitch
. periodgy Ijoge A ct '"E%Y‘ i APemtionds togklitminete alisiohB@ss RaednatRintsCRABRE and B | S
_respongl }égu,t ’1“29 "(!'UW'EQ pPerationt leas bien phondledyBIEAN4 firét QEAILSRRY rhef or e
i transng, F JRE Mariagepyshy thisrpedding redultsipeanh seduohderv BscAdER, €O,
+id_calculated by ene V"%ﬁ‘?”@lﬂ“ator 103. The latter calcul ator generates eo

by kaking the square root of the summation of the digital sanples squared.

~window bl ock 1

- poi nt:s. of a frane and to | nprove spe

"~ The -di.gi.tal eﬁ h receivad fromframe segmenter 102 via path 121, and

- ‘energy cal cul ator B 1 r anshi F$2Vh@1|20319h_t2|9ng-oal ghted et@rgy via path
~.135 to paranmeter encoder 113. Each frane, such as frame Aillustrated in

. FI G Blextcldorsiistoeriavis fel iREH©B S8 0. ce franme segmenter 141
'i's #esponsive to the digital satrsrt{')a“ggsr%f ?@%}qgﬁegﬁéd bych f8'|°61"?8‘i'“at'ﬁﬂnverter 101

S to extract segnmen$so data n%fﬁs w th each segnent overl apping a frane

“asillustratBg £n B "N‘apdofgagns Agsé segne

“advant ageousl y coRpPi Se 256 sanpl es. The purpose 0 overl agé?ng the franes

_"_-_'.before p@eform ng the sinusoidal analysis is to provide nore information at

.- thé’end Wtss‘ %116 (nfiepoint githe spaddad\epquBice ssampb%]uaatﬂ'u?ofleaua[,&ﬁpg% o

- lout puEa,é‘ atmg? ﬁ‘ﬁgn‘ﬁ% REYingehe ART lcakcglations, BI6dk 1@MB6YobEinS &o sﬁ&ﬂ%ﬂ i

256" SHIRIE 45 §%ﬁﬁ?‘ $ ELiatet % gadhreompigr frequensy damnmping Sostitingi Mih \@B&sﬁﬂﬁousl y

- 128 sanpl es. B 38 ggsqura Riisdefieatiby sherfgilowingiequationo r educe the conplexity

oof o hg, ¢ gulpd %gg% whg_) h are performed by bl ocks 143 and 144. Hanm ng

I's're Eonsive to data from bl ock 142, [err] to-performthe

ik ndownem.ﬁm{ea&smx%gn Qi ven by the fol lowing equation: [err] 35 The

" pur pose Hamohib GeaM | o elimnate disjointness at the end
| ol BCAY 3 e inte 8 . Bich Fpop saoticiod o peiagraRoar o ng

,?-operatlon has been performed, block 144 first pads zeros to the resulting
~-sanpl es from bl ock 143. Advantageo@sly, this padding results in a new

" sequence of 256 data points as defined in the follow ng equation: 40 [err]



S;Next. bI ock 144 perfornms the discrete Fourier transform which is defi ned
by fhe: f.ol 1 owi ng equation: 45 255 [err] 50 where [err] is the nth point
{ofthe padded sequence [err]. The epal agetgspiiof equation 4 is done using _
fast ‘Fourier transformmethod: After perform ng the FFT cal cul ati ons, bl ock
‘144" then. obtai ns the spectrum [err] by cal cul ating the magnitude squared
of ~eagh) P@)@a\"ﬁ"%teﬂjehwckda‘t te gstsrmire the pedks witlgn fhe Gpecirire traateiepdhd Rthe first
performed"? A2 aiﬁﬁrdh%f““déﬁ‘dmf' H’P%UGE!{!eT'm searohingsis derfeiby extiizioy the ieofemdal IRihdh@
eguat i-on: f&um‘ﬁ e ":9 e Jmker clises| th fusdarjentghtresiueriein s N startimge pdint D @@t OF
145 i's ¥ 98’% flﬁ'ﬁ""ﬂltf‘% ﬁ’°B?a|‘q &9 highedt sample dvithip iptegéfingkk Kistetasr frab® Sheand
the: s: cal cul at ed by bl ock 144 to determ ne the
'peaks Wi tsg m 'fthe 'F’F gﬂ?ﬁ ‘{:5‘ spReles; harapniq interpolpfar Ifoperforms af t er
‘thé funda gg hie & Mﬂ TR s g“”&ﬂﬂ?@ bdgaﬁ'ﬂqnlcl&eﬁh@cﬂﬁe'ﬁ This
-theoreti g 5d§gﬁ%gef b SO 8?9 :}ger I3 atl n use 1 ? B PigSRTShe £oTPgisvalupeThe
fundamant al frequency as a starti ng poin PhEL fEPY%Em and then cl i nbi ng
the sk ope to the-highest sanple wt h| n a predefl ned di stance fromthe 5 :
Tt heor etical harnopic. 3ince_the s@y#lim+ssbgspd on a |imted nunber of
~dat a :sanpl es, har rbni cMi nt @M diSa¥l 146 28 (DI #ES bgerEpnd or 48)

gh nterpol ation around t-he harnoni c peaks determ ned by harnonic peak | ocator
145 T s adjeresM & eghab to2sbue determ ned for the harnonic so that it nore

¢l osel Y rséwsé%ﬂeﬂ#tnslemh'etm«memb logatbdymsak, ahethé ol | owi ng equati on defines this

second oMEPNie fieapnsy leaalsdia tmesettle $apmlingtehuehar moni c: 10 [err] 15 ~ where M
‘is. equal -t dlamyic ag qutor 47 ishespensive keethe edjusted hbroeaic fréqueiiclos ahdBa bR 1 8admingNd

t he_har r ngsqte b beqiglical hpopicreng then ealautatep) hamgni€ pestis! hese. offbAs” 66 fioh
“cal culzé’tt P"s df b?f§?‘¥f’é"3cf8f subseaquss] trposreiskion 4g syphésizef 200quenci es and t he

pitch to,de ygwﬁﬁjrﬁ’s'f % 'BF?%%& & [t 8t I8 1eePonsivoiocthe wedal trast modkl eed ardtatiohe

“cal cul.at g :s ' "“ﬂ‘l‘fg %’e'd‘fdf W channgl 89 tp) piedupg a rppligm ginthe peginat analog
par arret efs \%Q:g@ ck ; 'Igbag ¥fﬁ °ftFr'(?i[j H‘%?F?ﬁ‘ﬁd fréprrgation presifiescthat hedrame -

- Synt Wrmﬁ'gp in' aecdr aﬁ' A Thn h|s recons r 'sr g Ay th | D% et rieod Gem

tr act rmdﬁi.gnaartsiaﬁ}sﬁ 'c&f%&e?ﬁoé Ao E d ] %0 iyation ¢ qﬂ%ﬁw'v&rﬁep%@%d

Vi & :channeli fe3$hcbdd RtQFBoR réeibeall 4 4 en e;ta'r A ?E: SO fmal has

- been “encexnslion)s @sdtydRé SMSIQBI&F n |Jel 3 ul |\7 ?:F ot ‘Hlpu se
“speci.f.i edstbriniios Whethet hé&8Por InfultipRéeCdxes tatu QG i2e 2.@0, a 3 ,

51.nusGr daltps phinb essighatb® gmﬁfoeaaaeortzbetoosryhtﬁésrs&htervéa*r shsHitbr u{u ti‘ on
i .n.accor defficientsiint brderqoi aiddelnhd vaBICrabi InSaddRi6n) WSthé Unbiesl 4rRes hd fff

- T anst e pvdiced ragigre thew the PR Oéstitciantsl froph mlsumseq@ﬁta)oie&: FerHA\eRy 5&4,,.;39
.;:convertsa'PH@'Z?Ce'eeTm@m syhithpssis &lter ROVt or mat i on to an anal og signal.

encoded i nfASRIAeRl fugher thacepetations iperiadeed groate@dipad aniced earab, Aﬁ&&nvoﬁ:ba Wmaﬁ.@ﬁ se

~excitdti gﬁ"% Pasrﬁﬂe'ﬁ Yeéease'k'étﬁtﬁﬂtﬂl' Bi§. 3, shanpet dedoder @0l tramsnty mis @@antental frdgBency?07 .

%

~The ‘noi s {g’ﬁ F’g dNPanonig feaeency rofises infarmaidn viapathaed 1@ B icherhanichiregashcy
“ihet her e aH‘bF°t hi 'I'aé'é"“é?xfteiqt'e&ﬂf eaeulater @i iThe sredchairnecdneigy,ogoe arelt ts LPC
'sebector °z ,e'f HAP "'@ hrmegic a’B’El'E”B’EIt"a'@H'atqf RS vipcpathg 280 entl 2@ nespedticaly. 768 or
| 204t g, SYmLNaSTe i ‘§§‘P’§‘°f"F |frewncchr'cmtms 2 end 1B EThp M signal
" coef fi % i 8 r!ﬁ%eg V,‘Uneq‘aélid in iates aajt? ﬁq e%‘ 'g 8 omc|flﬁql§a?y q:([)cwﬁor qtlhq is fqggonswel
D01 CEDrdeHef sh m s rarrege’r ¢ fc%d}hﬁ%ﬁﬁ%{ggﬁgg; and

- coef f.i. Ci Rihénid HeQiBnLiBEro %Haé%léﬁ&‘ bie Vi g f
.are. UL; i Z%hhl?'nioﬁlb Eéq%bﬂc;'%al&yd?&gf:@ Hsiéﬁth Qfamgf;???ﬁfgc!f id )él Lo nal to

- Oper akd Ogemerp® ItkeOkonTRiing! REMoNIE § 9ot e Y&

~i-nf or-rmat biaks 25anc¥m¢¥3\k£|5atﬂ122; 'begﬁ recel ved, as il USt Ftét ed 1 n %’Bqu?c'egﬁa””el
decoder’ |20 Hartnosin amplttisie tchieuldtet rela ReRbékivd ot RaRRdhid fabishbibs Mérd d
*_har noni c2l the drame eneraf ihsmtationnbeeivem iia @& \22003. afditnd Léé %fm.&%ws&ﬁ?ﬁ%ﬁﬁ% oAl

" frequen ?)alcglaipctbq &mpitudeg 2f dived harooriid ¢rbguiadtiesD BinGsoidh CEEAEIGY 214 Bk GblparisRE 16 jtlje The
~speechl FSSPﬁé‘cle IFaRfion Eagsiveditnt ¢alculeE 2Wced Ri2ab aetbrminarifs kanAdhicHaseSlionation

~har honi 29 en;uee, this Rhasedpfpraation 4 Je\tiagnqpig tahghtRiBE rexsidediot calcliRPENS tovkym The
- voi ced/ iR/ gelculatipns Prlicptedhypquation s transnmitted to harnonic frequency o
~cal.eul atéa 'ff'i.:' gerge fﬂ' reePH’@s Q/I‘Wx jfatian packet gych aryjliustyated in FIG. 8, chérhelidectiderat es
that” L ARG S ath 2 clor PQSig aemyve@awwr whiternolgd Geriesitor 203
CTes pons|c\{‘§nnglcg ﬁJ& égf ans il %f‘ elactorlzos tubs% 3"3|°8.‘PE‘ qf [sgntifeisie ditter f20¥.dn ladditivoni ¢
“freq uen%aﬁscak[},at&eﬁso Ciyse? f%ﬁ‘?ﬁ %\ e g Fgﬁdwhaplmmewfqddquency
’ -]

. ..'Of f Set ldagf@é}ém ro&¥ived %LI e via pat 6 an tzj ou@éut c»frwh|tgqrilpgnls:fvgperrt:grta\to|]'c |-|2|;€§e

7



-.harrmnl C frequenC| es to blocks 213 and 214 via path 223. Hi gh harnonic
_’frequency calculator 211 is responsive to the fundanental frequency and the
VI'U signal to 45 generate the r ey psggsowy noni ¢ frequencies of the frane
and to transmt these harnonic frequencies to blocks 213 and 214 via path
229. Harnoni ¢ anplitude calculator 213 is responsive to the harnonic

f- requen@F@@dWPGHﬁ@%tl%foeP!@P@ digttal samplest $peettae frane energy i nformation

r ecei ved Vi annakdecauip20! ggejvesfiom chanelde # puise@ntitstion @eckety exdilusiratledda FIG. 8,1t6e t 0
-cal-cul ataeeftdﬂ@d%rrfﬁnﬁ"t"ﬁ éhedocgions pnd ammlituden iotthe recejred muibesdo piernenasitet 204 e pathr at or
214 'i's” fsIp GAdiiapechagne} decodsn 20i-cepditiont jelactor @PGiie Peh 227% de belast] the rauipvical Ipuled at or s

211 aﬁndg"é‘f top 304y andaransife f“tShfé“HthOntymhes' fites @07 [Syeshasitfitern20Z rad ighiattoanalog hi s
‘phase i’ f’% ‘fsé*ff"é?i’&dt‘f?e‘ h3RepiinPRoveriepd8ihatia solfcantaineg doy-mepsiltercal the ortavtef 213
to perf bl

-'recel vegy QU

oav lgu ﬁ,%g&giﬂi?nrg’on%[%:?g%&ﬁ%%ﬂ 3?#6 n 1 If cfgrlag‘n%eﬂlmsclineucoder 201
-.deCOQEr fr chy F@r}&mv g‘;ﬁpﬁh% dete ?lrjb t %% l_gles whxc? advant

3?5 ectC ag ,r‘ig%%% '9,9 'Jﬂ?etgl(H&Sr%c&FeQ% mrh‘“ i’%ﬂ%th

._.'203 \/I a’ path 228. The gain is generated by gain caI cul ator 115 of anal yzer
100 as th:ugst+rra>tfad in FIG 1. Synthesis filter 207 is responsive to the LPC
--coefflcmnstss received from channel decoder 201 via path 216 and the out put
~of white noise generator 203 7 EP 0 259 950 B1 eceived via selector 205
t 0 :pr oducevhere diis tab reqmenply essolgtion bptwesntspecirhl sah@iepatits,decoder 201 recei ves from
‘chawmel 1 1 Palcyatpy Alisie respensiveatd e fyndantental fremuericy,| Rustp rgategate tha heinGnic Frequehaes] at t er
'decoder"ft"fhaf‘?smstby“F'PQ‘“P&H%‘(!"?Qcmsaﬂamd anpl i tudes of the received pulses to
pul se generator 204 via path 210. In addition, channel decoder 201
condltlﬁhs'éepé(ﬁ'ﬂ)r f@S VI a path 227, to select the output of pulse 5
[generator 204 an tran s ou ut to s nt hesis filter 207. Synthesis
filte em ;“mgom i Pl mt )8 then re E)r oduce the speech.
E_Conver t Fr‘er 21 gﬁ % armoﬁlc?g'g?glﬁ% Of ?? ff"éqamgqa ﬁ%"Gth?)l?ne@P e
_jconverter reater etaid "t AE%8Per ati ons of bl ocks 211,
212, 21 = a,gdsgq.ghl n rform ng the sinusoidal synthesis of voiced franes.
~L.ow ‘harnoni c frequency calculator 212 is responsive to the fundanental |o

f requenabre flis mb@mdh ¥@hbeY bBhaRRdnits 28da 'isothgﬁ%tﬁﬁﬁpy NEsoRtion UG i the RGRAERALEC
f requenmva&agAGJthvaaﬂbréimmodaséeM td Bo SHZDYnelihtbder Alihtdr h A& tdaihHaRiehcyRs fodkd S:
ho, ;1 epemivienkingitte expbstiod22. The theoretical harnonic frequency, [err] is

‘obtained by sinply nultiplying the order of the harmonic tines the
f-fundaneﬁﬁrathrenuency The foll ow ng equation defines the ith harnonic
“freqaency for each of the harnonics. [err] where fr is the frequency
‘r.esol utvhsre e reneasentss fhe dthrtbdoreticanbiremonio fredusncy. Twib.calvanting paBdrh of smalbeifsetsds ve t o
'.th un@P&ﬂ@ﬁt‘al frequency, Fr, to generate the harnonic frequencies, 20
hf' Nther e’:F%'PQ' embodinant ACaiciator 3| I aoPeRsive duthe ifendamenist fraquoniee aad Heiofsatsaiel mum
“nunber %‘Ml X f'rs{ﬁ St prempnic; &pgrendies gliegengrate th%ﬁafWB'@rffﬁﬁttePW gaserdihent  of
cal.cdf.af%? y1 85 %éhef‘ﬁfﬁ?i%tﬂ’eﬁ?a'f”fef"@ %’Q@F

|§1

e%"? é’ﬁ%’l“’ég’y ?%f i dgedrih ”ff%‘“@ the

“h in meRigs i gr

ar ITDnl rou ps 9 gr ups ar % % blﬁle va& gFo f-h% éﬂ&vg%y
rou of harmon exed from m h'i?gﬁhl |) 4

[err] s ath

‘resol ution aI he syn tnta eous a can be
_.-chosegf ,tfo_lm +2 . The i nt eger nunber n for the ith f requency is found by
mnim zi ng the expression [err] where iFr represents the ith theoretical
:f"har ONi'C wh&g YURNCY Periifho} A=V, Y.iRJ pattern of small offsets is generated.
-_Anot hert o anti AENImef)kcal gyl ator 211 is responsive to the fundanental
freguency and the offsets for advantageously the first 5 harnonic
fr.equeneheessm iscangheeper.at e t he harnoni ¢ frequencies greater than 40

‘advant aﬁwmgsﬂtgatlodse:aﬁbma haction nf the vryiatdedid i(the grodipeindsikf Bletb that i0 gbreeal, tHedaxt grodpc al
“har:noni Wil hetcngromplpte df the numiier ofr harmedinias isgrohampibiple ofski bThegreanutiong coie: be eited Ni ng
_har.rmoni-©adomy, gﬁm‘w!ﬂ'@!‘% fri hewristieally dafiordrie) ee¢hespedich framesusing welh bwen teclniques.  The
_'gr oups ar &alcyl I @pct 212 \prpdyce ong\valHe !ﬁgé't?ufs'l'dymgfé?' rifpaueney, andfreactf ¢f| theobdrmenic

o 85 frequencnes Th|s value is assumed to be located in the center of a speech frame that is being synthesized.

' " The remaining per-sample frequencies for each sample in the frame are obtained by linearly interpolating

- between the frequencies of adjacent voiced frames or predetermined boundary conditions for adjacent

- unvoiced frames. This interpolation is performed in sinusoidal generator 2i4 and is described in subsequent
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