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Pedepat. B cratbe npencrasnen LPC Bokozep co ckopocTbio nepenaun napamerpos 1000 u 1200 6ut/c, OpueHTUPOBAHHBIH Ha IPUMEHECHHE B
cUcTeMax CIy)keOHOH cBs3W. Bokonep MOCTpoeH IO cxeMe JIMHEWHOro INpeAcKas3aTeNs C MHOINEPEeMEHHBIM BO30Y)KACHHEM LIYMOBBIMU HIIN
NIEPHOANYCCKUMHI CUTHAJIaMH. PaccMOTpeHB! 0COOCHHOCTH MOCTPOSHHUS (DYHKIIMOHATIBHOM CXEMBI BOKOJEpa M PEATH3AIMU €€ OTICIbHBIX OJIOKOB.
Mogens Bokonepa paboTaeT B peanbHoM Maciutabe Bpemenu Ha [1K. [IpuBoastces pe3ynbTaThl TECTUPOBAHUA M OLIEHKH peanu3anuu Ha DSP.

1. BseaeHue

HusKkockopoCTHBIE BOKOJEPHI CO CKOPOCTBIO Iepepaur mnapamerpoB Menee 2000 Out/c oTinmyarorcs
CHHTETHYECKUM KayeCTBOM pPEUd M 3aHUMAIOT HUILNY CIY)XEOHOH cBszu. [l TaKMX BOKOZEPOB OJHUM M3 OCHOBHBIX
Ka4eCTBEHHBIX ITOKa3aTelel SBJIsSeTCs CIOroBas pa300puYnBOCTh CHHTE3MPOBAHHOM peud [1], KoTopas At yCTpoHCTB
BTOPOT0 Kjacca KadecTBa JODKHAa ObITh He Xyxke 75% [2]. Ilpuuem xopomas pa30op4yHMBOCTG pEYM JOJDKHA
COXpAaHATCA BO BCEM JAMANa30HE BXOTHBIX YPOBHEH pEUYEBOTO CHTHANA, NpH pabOTe B YCIOBHH ITOBBIIICHHBIX
OKpY>KaIOIIMX IIIyMOB, a TaK K€ MPH OTPaHWYCHUH YaCTOTHOTO JWAIa30Ha BXOAHBIX CUTHAJIOB TeNE(POHHOHN MTOIOCOH
300-3600 I'm.

B crarbe mpezacraBieH BOKOAEp CO CKOpPOCThIO Tepenaunm mapamerpoB 1000 m 1200 6ut/c. Bokomep
TTOCTPOCH Ha OCHOBE KJIACCHYECKON MOJIETHN peueo0pa3oBaHus, TOIPOOHO PaCCMOTPEHHOH B [3], MO cXeMe JIMHEHHOTO
TIpeIcKa3aTeNs ¢ MONepEeMEHHBIM BO30YKICHHEM IIIYMOBBIMH WJIH MIEPHOANYECKIMHU cUTHaNaMu. CKOpPOCTh nepeiadn
3aBUCHT OT JUIMHBI OKHa aHalInW3a M CII0co0a YIaKOBKHM BBIXOJHOTO Kajpa. Mopenb BOKOJepa peajn3oBaHa Ha
nepcoHanbHOM Kommbiorepe (IIK) Ha s3pike Cnm m paboraer B peanbHOM Macmrabe BpEeMEHH. JTO MO3BOJSET
MIPOBO/IUTH WCIIBITAHUSI BOKOJEpa COIJIACHO MeToJuKe [2] emie Ha srtarme MopenupoBaHus anropurmos Ha I1K, no
peanuzaiyy Bokosiepa Ha DSP, n TeM caMbIM CHU3UTB 00IIiee BpeMsi pa3paboTKU MPOEKTa.

Cratpst mocTpoeHa cienylomuM oOpazoMm. Kparkoe ommcaHue cxembpl aHanuzaropa JaHo B m.2. B m.3
paccMaTpuBAaIOTCA ~ 3a/auyd, CBS3aHHBIE C BBIYMCICHHEM M KBAHTOBAaHHEM CIIEKTPaJIbHBIX IapameTrpoB. B m.4
PaccMOTPEeH METOJI BBIACTICHUS OCHOBHOTO TOHA PEYH U MpPHU3HAKA TOH/IIyM. B 1.5 M3710KEHBI BOTIPOCH! KBAHTOBAHUS
SHEPTMH W YIAaKOBKM BBIXOJHOTO Kajapa. B 1.6 KpaTko ONMMCaH CHHTE3aToOp W B M.7 TPHUBOIATCA Pe3yIbTaTHI
MOJCITUPOBaHUS AITOPUTMA B peasTbHOM BpeMenu Ha [1K u orieHKn mapaMeTpoB peanu3aiiuy Bokoaepa Ha DSP.

2. Anaam3zarop

dyHKIMOHANBHAs OJIOK-CXeMa aHalu3aropa IpuUBeleHa Ha puc. |. AHamu3 IPOM3BOAUTCSA KaJIpaMH
mrensHocThio 30 mimn 22.5 mc. Ha cropoHe ananmu3aTtopa OLICHHBAIOTCS U MEPEAAOTCs B KaHAJ CBSI3U CIIEAYIOLINE
rapamMeTphl CHTHAJIA: JHEPrus Kajapa, orudaromiasl CIeKTpa, IOJydeHHas  Ha OCHOBE MOJENH JIMHEHHOTO
npexackazanus (JIIT), vactora OCHOBHOTO TOHA PEUH M NPU3HAK TOH/IIYM.
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OCHOBHBIM HEIOCTAaTKOM HH3KOCKOPOCTHbIX LPC BOKOZEpOB MaHHOTO THIA SBISCTCS BBICOKAS
JyBCTBUTEIBHOCTh CYOBEKTHBHOTO KadeCTBA CHHTE3MPOBAHHOM peud K OImHOKaM B pacdeTe IapaMeTpoB
BO30YXICHUSI CHHTE3UPYIOLIETO (HUIbTPA, a TaK e K aMIUIUTYIHO-4YaCTOTHBIM MCK)KEHHSM CIIEKTPa BXOJHON PEUH.
DTO SBISETCS CIIEACTBHEM HECOBEpIIECHCTBA (DYHKIIMOHAILHOH MOJENM BOKOAEpa M OrpaHMYeHHOTo o0bema
nepenaBaeMoil nHpopManuu. Ilpsimasi oleHKa nmapameTpoB Bo30YXIEHUs, 0e3 KOPpPEeKLUMH Ha OCHOBE CpPaBHEHMS
CHHTE3MPOBAaHHOTO CHTHaJla C UCXOAHBIM CHTHAJIOM, NPHBOJIHUT K TOMY, YTO Ja)Ke €AWHHWYHBIC OMIMOKM B OIICHKE
CIIEKTPAJILHOIM oOruOaromiell CUrHaiga, 4acTOTHl OCHOBHOTO TOHA, TPaHUIl O3BYYEHHBIX YYacTKOB H. T. Jl. XOPOIIO
3aMeTHBI Ha cityX. Huskockopoctaeie LPC Bokozepsl, B otimune ot CELP BokonepoB, He coXpaHsOT (OpMY BOJIHBI
NepelaBaEMOr0 CUTHAJA, JIMIIAas BO3MOXKHOCTH BBEJCHHUS IPOCTOTO KPHUTEPHsA OICHKH OLIMOKH BO BPEMEHHOU
o0ylacTé B BHJE SHEPTUH B3BEIICHHOTO PAa3HOCTHOTO curHamna. IIpu oreHke ommMOKM CHHTE3a B 4aCTOTHOH oOyacTu
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Tak e TpeOyeTcs mepegada JOTOIHUTEIbHON mH(pOpMarmy o0 aMIDIMTyJaxX TapMOHHK OCHOBHOI'O TOHA, KaK 3TO
caenaHo B cuHycounaibHbIX 1 MELP Bokoaepax, Wim o cTeleHN BOKAJIM3alliy 9acTOTHRIX Tojioc B MELP [4].

[Tostomy, mpu pa3paboTKe JaHHOTO BOKOJEpa YACIIOCH IOBBIIICHHOEC BHUMAaHHE K HCXOXHOW TOYHOCTH
BBIJICICHUS] W KBAaHTOBAHHS CIEKTPAIBHBIX ITapaMeTPOB PEUYEBOTO CHUTHANA, a TaK K€ K TOYHOCTH ONpEAeTICHHUS
TPAeKTOPUH OCHOBHOT'O TOHA PEUM W BBIJICIICHIS IPU3HAKA TOH/IITYM.

3. JII ananu3

Hcxonnerii peyeBoil curaai ¢ yactotoi auckperusanuu 8 kI npoxoaut yepe3 O®BY 4 mopsinka YeObiesa
(tun 2) ¢ gacroroii cpe3a 100 't u yposHeM monasnenus Ha 50 I'm Gonbimnm -60 nb. lanee curHaim B3BEIIMBACTCS
KOPPEKTHPYIOMIMM (HIBTPOM XapaKTepUCTUKOH 1 - 0.93%z”', umerommM moasem AUYX B oGmactm BY, mwis
yIIydIIeHHs repeadyn Ooee cliabblX BBICOKOYACTOTHBIX KOMIIOHEHT PEYEBOT0 CHIHAJIA, ONPEACIISIOINX B OCHOBHOM
ero pa3bopumuBocTs [1].

Jns omucanums QGopMaHTHOW orubaromeld crektpa wucmoiasdyercss mozens JIIT 10 mopsimka. Axanms
ocymiecTBsieTcss Ha juHe kKanapa 180 wim 240 oTCYeTOB ¢ MpeaBapuUTEIbHBIM B3BEIIMBAHHEM OKHOM XEMMUHTA.
ITapameTtpsr moaenu JIII onieHHBarOTCS aBTOKOPPESIIMOHHBIM METOJIOM C MCIIOJIb30BaHUeM pekypcuu Jlepy-I'arana.
IMonyuennsie LPC kodddummentsr mpeobdpa3yroTcst B JUHEHHbIE criekTpaibHble napsl (LSP) mo metomy [5]. Janee
pou3BoUTCA KBaHTOBaHHE LSP 1Mo KOmoBRIM KHUTAM, a IOJTyYEHHBIN HHACKC IepeIaeTcs B KaHAJ CBSI3H.

CpaBHuBaNOCh J1Ba crocoba KBaHTOBaHHWS — ckaisipHoe (SQ) ¢ pa3MepoM KoJOBOW KHHWTH 34 OUT H
BekropHOe (VQ) 23 6ur. B SQ xaxmpiit u3 10 kosddurnmentoB LSP kBaHTyeTcss HE3aBUCHMO C HCIOIB30BAHUEM
CBOEH KOJIOBOM KHUTH, pa3MepHOCTEI0 3,4, 4,4, 4, 3,3, 3,3, 3 Outa COOTBETCTBEHHO.

B VQ wucxonnsiii LSP Bekrop pazbuBaeTcss Ha TpH IOJBEKTOpa pasMepHOcThIo 3, 3, 4 xoadduimeHTa,
KaXIbIil M3 KOTOPBIX KBAHTYETCS HE3aBUCHMO C WCIIOJIb30BaHHMEM KOJOBBIX KHHUT pa3MepHOCThIO 7, 7, 9 Owur
COOTBETCTBEHHO, OPIaHU30BAaHHBIX B LIEJISIX OBICTPOrO MOWCKa B BUjE OMHApHBIX AepeBbeB. [Ipn moncke B KOZOBOM
KHUTE OJIDKaWIero KBAaHTOBAaHHOTO 3HAYEHUS HCIIONB3YETCS B3BEUICHHAs O3BKIHMIOBa MeTpuka. KomoBas KHuTa
ctpomwntack metomoMm IeHTponmoB ("K — cpemnumx") Ha OCHOBE BBIOOPKH pycckod peunm mopsaka 30 MUHYT ¢
yAaJIeHHBIMH M1ay3aMH, 3aIHCAaHHON Pa3IMYHBIMA AUKTOPAMH, KaK MY)XUYUHAMH, TaK ¥ KCHITHHAMH.

B pesynpTaTe IpOBECHHOTO CpaBHEHHS KBAaHTOBATeJNeH OBLIO MOMYyYEHO B CPEJHEM OJMHAKOBOE KadeCTBO
3BYYaHHUS CHHTE3WPOBaHHOHM peun. OIHAKO, CKAJSIPHBI KBAHTOBATENh UMEET MEHBIIYI0 MaKCUMAaJIbHYIO OIINOKY B
mepefade CHEKTPAIbHBIX XapaKTePHCTHK YeM BEKTOPHBIM M MOSTOMY peXe JIOIMyCKaeT CIWHUYHBIC Ie(EeKTHI
3ByuaHusi, ocobenHo 3ametrHsle B LPC Bokonepe, rae cHekTpaibHble ONIMOKM KBAHTOBAHWSI HE HCIIPABILIIOTCS B
JaJbHeHIeM curHaioM Bo30yxaeHus, kak Harpumep B CELP Bokozepax.

4. BpblejieHHe OCHOBHOI'O TOHA U MPHU3HAKA BOKAJIM3alMM KaJpa
Kak Obuto moguepknyto Bbire, a1t LPC Bokogepa 0COOEHHO Ba)KHO NPABMIIBHO OIPEAEIHUTH BEIUYHHY
ocHOBHOTo ToHa peur (OT) u BELAENUTS IPAHULIBI 03BYUEHHBIX YYaCTKOB PEUU.
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Benmmuura OT oneHmBaeTcsi KOPPENSAIMOHHBIM METOAOM Ha 0a3e (DyHKIMH KBagpaTa HOPMAaJM30BaHHON
aBTokoppessiuuu (1). st moBbImeHus moMexoycroiunBoct oOHapyxenuss OT, aHann3 BepeTcs B MOJOCE YacTOT JI0
1.5 xI'u. Pacuer A(L) ocymectBisiercs nBa pasa 3a kaip. IlojoxeHue LeHTpa OKHa aHamu3a A Pa3IUYHBIX
3HAYEHHMH BEJIMUUHBI caBura L gukcupoBaHo oTHOCHTENBHO TpaHul Kajapa. Ilocne pacuera 3HaueHuit pyHkumu A(L)
JUISL BCEX BO3MOJKHBIX 3Ha4eHMH L WIIyTcst ee JOKanbHble MakCHMMyMBbI, oOpasyiomue HaOop mpeTeHaeHToB {Lp}.
Ot0op W3 4YMClla TPETEHICHTOB OCYILECTBISIETCS WCXOJS W3 CTENEeHH NpeBblleHns 3HadeHust A(Lp) moporos,
B3auMHOro oOTHomeHus: A(Lp) pasHBIX TNPETEHICHTOB, CTENEeHH OTKIOHeHWs BeianunHel OT mnpereHnmenra or
tpaekropud OT mpomnuteix 03By4eHHBIX KanpoB. Ocoboe BHHMaHHE YAEISETCS NMpOBepKe MpPETEHICHTOB Lp Ha
ynBoenHoe u nonoBuHHOE 3HaueHue OT. Ilepexox Ha ynBoenne BenmumHbl OT BO3HMKAET, €CIM MPOGMIH TIIaCHOTO
3ByKa MMEET Pa3HyI0 SHEPIHI0O YETHBIX M HEYCTHBIX MMITYJIbCOB H3-3a HEPAaBHOMEPHOTO BO30YKIAECHHUS TOJIOCOBON
memu [1]. Tlepexom Ha momoBuMHHOE 3HadeHue BenmuumHbl OT (cooTBercTByMOmEee 2 TapMoHmke YacToThl OT)
BO3HHUKACT KaK M3-3a BIMSHUS ONM30CTH MEepBO (POpPMAHTHI CIIEKTPaJbHON Ormbaromieil BOKaIN30BaHHBIX 3BYKOB,
MTOTYEPKUBAIONICH BTOPYIO TapMOHHWKY, TaK W TPU OTPAHUYCHHH CIEKTpa BXOAHOW peunm cHU3y (mo 300 T'm),
TIO/IaBJISIIOIIEM OCHOBHYIO rapMoHuKy OT.

OxonuatenpHoe pemeHne o BenmumHe OT mnpuHHMMaercss mocine MEIMAaHHOTO — CIIIaXHMBAaHMS C
ucrionp3oBanueM 3HadeHnit OT nns mponwioro u Oynymero kanpos. [Ipw 3ToM B KaHal mepenadyd BHOCHUTCS
JIOTIOJTHUTEINIbHAS 3a/IepyKKa Ha KaJp.

Hcnonp3oBanre (QyHKIMM KBajpaTa HOpPMaln30BaHHOHW aBTokoppemsiumu (1) nemaer oroOpaxenue A(L)
MHBapUAHTHBIM KaK K OOIIeMy YpOBHIO SHEPIMH BXOIHOTO CHTHajla, TaK M K PAa3IHYHBIM YPOBHAM SHEPIHUU
CpPaBHMBAEMBIX YYaCTKOB, IOATOMY IIOCTPOCHHBIN Ha ero ocHoBe Beigenurens OT Oornee ycToHumB K OBICTPHIM
BapHaIisIM aMIUTATYbI TJIAacHBIX 3ByKoB. 3HaueHust A(L) Bcerma nexxar B muamnazone oT 0 mo 1. @yakmms A(L)
BBIPQKAET CTEMEHb MOJ00MS JBYX CMEXHBIX ydacTKoB peud s(n) m s(n-L) ma maTepBane N. OHa paBHaA KBajpaTy
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OTHOIICHHUS SHEPTUU BEKTOpA OITHUOKH TpecKazaHus e(n), K SHEPTUU BEKTopa s(n), Mpeacka3piBaeMoro Ha ygactke N
C TIOMOIIIBIO BeKTOpa $(n-L), B3ITOTO C ONTUMaIBHEIM ycuiieHueM G: e(n) = s(n) — G * s(n-L).

Pemenne o BokanM3anmy Kagpa IPUHUMAECTCS AJISI CUTHANA, B3STOTO B IIMPOKOW IOJIOCE YaCcTOT, HA OCHOBE
CpaBHEHHS BEITMYMHBI MakcuMmyMa GyHKuH (1), HAMIEHHOTO B OKPECTHOCTH HakjeHHoro 3HadeHus OT, ¢ moporom
paBHbIM 0.3. AHanM3 B MIMPOKOH IOJIOCE YaCTOT MPOBOAMTCS C IENBI0 MPUHATHS COBOKYIIHOTO PEIICHHS O CTEICHH
BOKAJIM3AINH KaJpa B ITOJIOCE TOCIEAYIOMIEr0 CHHTE3a.

IIpu sHeprum kaapa menee —50 1b oH Bceraa CYUTAETCS LIIYMOBBIM.

5. KsaHTOBaHHe JHeprHHU U YNaKOBKa Kajpa

Pacuer osHeprum kaapa OCYIIECTBISETCS YCpeIHEHHEM OJHEpPrMM CHUTHajla Ha JuldHe Kajpa. Jlaee
s¢dextuHas ammumTyna curaana (RMS) kBanTyercs norapumMudecky ¢ maroM B 2 1b ¢ HCIOJIb30BaHHEM KOJOBOU
KHUTH Ha 5 OuT. [ noBbIeHns: KoM(opTa BOCTIpUATHS T1ay3, IIPH Mepefade KaapoB ¢ yPOBHEM CHTHajla MEHBLIEM
-40 nb ocymecTBusieTcss HEOONBIIOE IUIABHOE PACIIUPEHHE AWHAMHYESCKOTO IHANa30Ha CHTHAJIOB IO JIMHEHHOMY
3aKoHy B Jorapupmudeckoit oonactu. (Ha -10 b mis ypoBHs —45 1b.) DT0 03BOJIAET YMEHBIIUTE YPOBEHH IITyMa Ha
THXUX TIay3aXx W CHH3UTHh 3 (EKTHI, CBSA3aHHBIE ¢ MPOHHUKHOBEHHEM (OHOBOH peur, 0e3 3aMETHOTO BIHMSHHS Ha
Ka4yecTBO pedrd HOPMAaJIbHOTO YpOBHA. IIprMeHeHHOe pemIeHHe IIaBHO IIOHIKAeT YPOBEHb IIyMa Iay3sl B
cuHTe3aTope 0e3 mepexomHbIx dddexToB. Mccnemopanock Taxke BBIACNCHHE Iay3 IO IPU3HAKAM C HPUHITHEM
ITOPOTOBOTO pemIeHHs peyb/may3a. Takas kiaccu(uKaIis Mo3BOJSET ClENaTh BOKOIEP C MEPEMEHHON CKOPOCTHIO U
TIOHIKATh CKOPOCTH BBIXOJHOTO IM(POBOTO MOTOKA Ha May3ax B HECKOJBKO pa3. OIHAKo, B LENSX NIYyMOIIOHM)KEHHUS
9TOT BapHaHT HE NPHMEHSETCS, TaK Kak, B CIydae OIIMOOK, JaeT HENPHATHHIE HA CIyX BCIUIECKH YPOBHS IIymMa B
Tray3ax IpH paboTe B YCIOBHAX CHIIBHBIX OKPYXAIOIINX TIOMEX.

VYnakoBka Kajpa B 3aBUCHMOCTH OT BBIXOJHOW CKOPOCTH W JUIMTENBFHOCTH OKHA aHaln3a IpUBENCHA B
tabiune. s BokomepoB (A) m (C) kaxnslii BTOpod Kaip 3HaueHust LSP mpopexuBarorcs, a BemmumHa OT
niepenaercs nuddepeHIuaIbHO.

ITapameTpsnl Tun BokoJiepa

CkopocTb (0ut/c) 1200 (A) 1200 (B) 1000 (C)
JmmHa oKHa aHanM3a 22.5 mMc 22.5 mMc 30 mc 30 mc 22.5 mMc 22.5 mMc
LSP (bur) 15 19 (ocr.) 23 23 10 13 (ocrt.)
OT u ton/urym (6uT) 6 3 6 6 6 3
Dueprus (6ur) 5 5 5 5 5 5
Cunxponusanus (Our) 1 - 1 1 1 -

Peseps (6uT) - 2 2

Hroro (6ur) 27 | 27 36 | 36 22 | 23

6. Cunre3arop

Briok cxema cuHTe3aTopa mpuBeAcHa Ha puc 2. [locie pacmakOBKH MPHILEAIIETO Kaapa OCYIIECTBISIETCS
MOMCK KBAHTOBAHHBIX 3HAYCHHH MapaMeTpoB B KOJOBBIX KHHrax Mo wuHAekcaM. llomydeHHble 3HadeHus LSP
MPOBEPSIOTCS Ha YCTONYMBOCTD CHHTE3UPYIOLIEro (GHIIbTpa.
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CuHTE3 OCYyHIECTBISIETCS] IO MEPHOJaM OCHOBHOTO TOHA JUISi BOKAJIM30BAHHBIX YYACTKOB M /IO 3aIOJTHEHUS
TEKyIIero Kaapa Uil mIyMoBBIX. [lapaMeTphl CHHTE3a JTHHEHHO MHTEPHOIMPYIOTCS MEXAY CMEKHBIMH 3HAUCHUSIMH
OT.

Tun Bo30YyXIeHHS Takke U3MEHseTCs CHHXpOHHO ¢ mepuonamu OT. B kadecTBe curHaiia Bo3OyXICHHS Ha
HEBOKAJIM30BaHHBIX (PparMeHTax MCIONIB3YeTCs OCNbIi IIyM, COCTOSAIIMN U3 UMITYJIBCOB C OJJUHAKOBOU aMILTUTYIOH U
cirydaifHO# (ha30#f, a HA BOKAIM30BAaHHBIX — HMMITYJIbCHBIA OTKIHK (ha30BOTO 3BCHA, IOMOJHCHHBIA OIMHOYHBIMHU
AMITYJIbCAMH.
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Koadhdunment ycunenums curHama BO3OYXKIEHHS BbIOMpaeTCs TaK, YTOOBI DHEPTUS CHUHTE3UPOBAHHOTO
¢parmenra ObuTa paBHA PHEPTUH Kazapa. [Ipu 5TOM yYUTHIBAE€TCS HHEPTHS 3aTYXaIOIIEro OTKIMKA CHHTE3UPYIOMIETo
(¢buIpTpa HA CUTHAT BO30YKIEHUS TPOIIIOTO KaIpa.

Cunresnpytonii ¢punetp JIIT 1 moctduabTp peanu3oBaHsl B eauHoM BUX ¢umbtpe B mpsmMoit dopme.
WHTeprionsmus mapaMeTpoB CHHTE3UpyIomero ¢GuibTpa ocymiecTsisercs Ha ypoBHe LSP. AUX moctdmibTpa
BBEIOMpanach OT oOpatHoW kK AUX B3BemmBaromero (uiubTpa a0 IWHEHHOW. B pesymbraTe mpociymuBaHUs
MPEIIOYTEHIE OBUIO OTNAHO HETOIHON KOMITCHCAITUH MPEIICKAXCHUN ¢ HeOOMbIMM moaseMoM BY.

7. TIlony4deHHbIe pe3yJabTaThI

Bce Bapmantel BokozmepoB peanmm3oBaHsl Ha I[IK u paboTaioT B pexnMme peaJlbHOrO BPEMEHH MOJ
ymnpasienneM OC WINDOWS-95/NT na 0a3e craHmapTHOW MHOJHOIYIUIEKCHOW 3BYKOBOH ILIaTHl BBOJA-BBIBOJA
Sound Blaster PCI-128 ¢upms Creative Labs. Bokogep nanucan Ha s3pike Cu 1 ipu padore Ha IIK ¢ nporeccopom
Intel P-1I-400 MHz 3anmmaer mopsmka 10...15% mpomeccopnoro Bpemenu. Ilocme mepeBoma Momenud B
(ukcupoBanHy0 TOUKy peanm3anus Ha DSP cemeiictBa TMS320c54x moTpeOyeT mo Hamiel omeHke He Oonee 10
MIPS.

IIpu cpaBHennu BapuaHToB (A) W (B) MeTomoM MpOCTYIMHMBAHHUS OKa3aJOCh, YTO BOKOJAEP C BEITUIHHOMN
Kazmpa 22.5 Mc UMeeT HeOOJIbIIoe MPEUMYIIIECTBO B Pa300PUIMBOCTH, T.K. BPEMEHHAs OrvOaronas YHEPTrUM CUTHAIA
nepenaercss 0oiee TOYHO, YeM Ipu BeiawdmHe Kampa 30 Mc, a 3TO BaXKHO AJIS MEepefadd COTJIACHBIX, MMEFOITHX
B3pBIBHOI Xapakrep. Bokonep (B) mMeer HeOonbIIoe NPEeHMYIIECTBO B €CTECTBEHHOCTH TeMOpa, T.K. HUCIIOIb3YeT
nepenady napameTrpoB LSP kaxnelii kaap, a Bokonep (A) MHTEPHNOJIHPYET IapaMeTphl CHEKTpalbHOH orubaromiei
yepes Kajp.

DKcIpecc UCTIBITaHus, MPOBEACHHBIC TI0 MeToAMKe [2], aist Bokoaepa 1200 dut/c (A) mamu OleHKY CIIOTOBO
pasbopuuBocTy Ha ypoBHEe 77 %, a mia Bokogepa 1000 6ut/c (C) — okono 75%. B skcmepuMeHTe y4acTBOBAJO JBa
TUKTOpa W Tpoe ciymateneld, mpuHuManochk mo 20 cioroBbix Tabmui. Hcmonb3oBancs mMukpodon JIOMII-1A u
tenedon TAM-10.
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Abstract. This paper describes the low bit rate LPC speech coder (vocoder) operating at 1000 and 1200 bit/s. The vocoder was designed for
using in a special telecommunication area. The functional model of vocoder and its design features are presented. Two ways of an output frame
packing are discussed. The real-time implementation of the vocoder model on a PC allows us to get the intelligibility test results during the
algorithm development phase. The estimated DSP implementation performance is about 10 MIPS on the TMS320C54x processor family.

1.Introduction

Low bit rate speech coders at speed below 2000 bit/s has synthetic quality of output speech and using in
special telecommunication areas. One of important quality measures for these coders is a subjective intelligibility in
form of a score of the right receiving meaningless syllables [1]. For a good quality level the score should be no less
than 75% [2]. Good intelligibility must be remained for all input speech levels, in presence of background noise and
for input speech in 300-3600 Hz frequency band.

This paper describes the low bit rate speech coder (vocoder) operating at 1000 and 1200 bit/s. The vocoder is
based on the traditional speech production model [3]. It uses a linear prediction (LP) model with periodic and noise
excitation alternately. A transmitting speed depends from the frame length and the bit allocation method. The vocoder
model is implemented on a personal computer (PC) using C language and this implementation works in real-time. It
allows us to get the intelligibility test results using method [2] at a step of algorithm development on PC before the
DSP implementation. It is important for decreasing a development time of the entire project.

This paper is organized as follows. A brief encoder description is done in section 2. The methods of LPC
analyses and LSP quantization are considered in section 3. The questions of pitch estimation and tracking are
discussed in section 4. The energy quantization and the encoder output bit allocation are viewed in section 5. In
section 6 the decoder is explained. The real-time implementation details and the subjective test results are reported in
section 7.
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2. Encoder

A functional block diagram of encoder is shown in Figure 1. The analysis window (frame) length is 22.5 or
30 ms long. The encoder calculates and transmits into channel these speech parameters: a frame energy, a spectrum
envelope based on a LP model parameters estimation, a pitch estimation and a voiced/unvoiced (V/U) decision.

I LPF | I NAC | | Rule Pitch
® ™ ® gy
A

Log
| HPF .| RMS o NP LS L RMS

(1) (©) @ [ 45

Input '

BF LPC LSP sava LSP
@[ & [T @ [ ® [ " index

Figure 1. Encoder block diagram

The main drawback of traditional LPC vocoders is a high sensitivity of the synthetic speech quality from the
excitation parameters estimation errors and the input speech spectrum distortions. A direct parameters estimation
without an analysis by synthesis procedure leads to a rough output speech even for single errors in pitch
determination, spectral envelope quantization or V/UV decision. The limit of the output bit rate doesn’t allow them to
improve speech quality too. In addition, the LPC vocoders don’t transmit a phase information about input speech, so
they can’t use a simple time domain error criterion based on the comparing of input and synthetic speech waveform as
the CELP coders do. Frequency domain methods of error estimation are more complicated and need transmitting
additional information bits too. Like it is done for transmitting the pitch harmonics magnitudes in the STC and MELP
[4] coders or the band voicing decisions in the MELP coder.

Therefore in this vocoder a special care was attended to the initial parameters estimation accuracy and to the
parameters quantization quality.

3. Linear Prediction Analysis

An input signal with the 8 kHz sampling rate is filtered out by use of a Chebishev type 2 high pass filter of
the 4th order with a cut off frequency of 100 Hz and a rejection about —60 dB at 50 Hz. Then the signal is weighted by
a preemphasis filter with characteristic of H(z)=1 - 0.93%*z"' that increases the relative energy of the high-frequency
speech spectrum and improves the overall intelligibility [1].

A 10th order linear prediction analysis of preemphased input speech is performed using the 180 or 240 point
Hamming window. The LP coefficients are calculated using the autocorrelation method and the Leru-Guegan
recursion. On the base of obtained LP coefficients the linear spectral pairs (LSP) are calculated using method [5].
Then all LSP are quantized using code books and obtained indexes are transmitted trough the channel.

Two methods of the LSP quantization are compared. A scalar quantizer (SQ) uses a 34 bit size code book
(CB) and a vector quantizer (VQ) uses a 23 bit size code book. In the SQ every LSP coefficient is processed
independently using the own CB with dimension 3, 4, 4, 4, 4, 3, 3, 3, 3, 3 bits correspondingly. In the VQ the initial
LSP vector is split up into three subvectors with dimension 3, 3, 4 coefficients. Then each subvector is processed
independently using the own CB with dimension 7, 7, 9 bits. Each CB is organized in form of a binary tree for quick
searching. A weighted Euclidean metric is used for searching the nearest quantized LSP value. All CB are built using
the K-means method. A CB training sequence was about 30 minutes of Russian speech with deleted pauses that was
recorded by the different male and female speakers.

Both quantizers have a near the same synthetic speech quality. But the SQ has a less maximum of the
spectral error than the VQ. So the vocoder with the SQ generates less audible single artefacts of a synthesized speech.
These single spectral errors are not corrected by an excitation signal in the LPC vocoders as the CELP coders do.

4. Pitch determination and V/UV decision
The reliable pitch determination and tracking are very important for the LPC vocoders.

N 2
(2 s(n)x s(n— l)]

n=0

(isz(n))x(isz(n—l)J

Al =

N
.1 = PitchMin, PitchMax’ for[z s(n)x s(n — l)JZ 0 (1)

n=0

n=0 n=0
Input speech is filtered using a low pass Batterworth filter with a cut off frequency of 1.5 kHz. Then a
squared normalized autocorrelation function (1) is calculated for lags between 18 and 145 samples two times for every
frame. An analysis window is centered for the different lags. Then all local maximums of the A(l) are searched. They
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are sorted by value and all pitch candidates {Lp} are chosen among them. A selection procedure within candidates is
based on theirs values comparison and on a memory about the pitch trajectory of the past voiced frames. A special
care is paid to pitch doubling and pitch halving effects. A pitch doubling occurs if a magnitude envelope of speech has
different energy of the odd and even glottal impulses [1]. A pitch halving (corresponding the second harmonic of pitch
frequency) occurs as result of the first formant influencing or the phone band filtering with a low frequency cut off up
to 300 Hz. The final decision about the pitch is performed after a median smoothing procedure involving the past and
future pitch estimation values.

The squared normalized autocorrelation function (1) is invariant to signal energy, therefore the pitch
estimation procedure based on (1) is more reliable in cases of speed varying amplitudes of the vowel sounds. All
values of the A(L) are placed always between O and 1. The function (1) is a similarity measure between two speech
vectors s(n) and s(n-L) on the interval with length of N samples. It expresses the ratio between the energy of
prediction error e(n) and the energy of predicted signal s(n) when the signal s(n) is predicted by the signal s(n-L) with
optimal gain G: e(n) =s(n) — G * s(n-L) .

A V/UV decision is calculated for the wide frequency band speech by comparing a maximum of the function
(1) with threshold level of 0.3. The maximum of (1) is searched around the previously found pitch value. The wide
frequency band analysis was chosen for making a V/UV decision in the band of a following synthesis. If the current
frame energy is less than —50 dB the frame is always considered as unvoiced.

5. Energy quantization and bit allocation

After a frame energy calculation the averaged frame amplitude (RMS) is transformed to a logarithm value
and quantized with step of 2 dB using a 5 bit CB. For decreasing of a pause noise level the dynamic range expansion
is performed for the frames with energy less than -40 dB. It is a linear function in a log area with the knee point at —-40
dB and the depth of -10 dB for the input level of —45 dB. This “soft” noise cancellation decision allows the encoder to
decrease also a background speech problem during pauses without the quality deterioration for the normal level
speech. A binary speech/pause decision is also considered. It allows the encoder to decrease the output bit rate on
pauses but it is not used for the pause noise cancellation because of the annoying noise spikes that arise on the pauses
with strong background noise.

A bit allocation depends on the output bit rate and the frame length. The possible allocations are shown in
Table. For the (A) and (C) vocoders the LSP index is transmitted every odd frame only. The pitch value for them is
coded differentially every second frame too.

Parameters Vocoder type
Bit rate (bit/s) 1200 (A) 1200 (B) 1000 (C)
Frame length 22.5 Mmc 22.5 mc 30 mc 30 mc 22.5 mc 22.5 mc
LSP index (bit) 15 19 (old) 23 23 10 13 (old)
Pitch & V/UV (bit) 6 3 6 6 6 3
RMS (bit) 5 5 5 5 5 5
Synchronization (bit) 1 - 1 1 1 -
Reserved (bit) - 2 2
Total bits per frame 27 | 27 36 | 36 22 | 23
6. Decoder

A functional block diagram of decoder is shown in Figure 2. After the bit stream unpacking all parameters
values are extracted from the code books. All dequantized LSP values are checked on the stability of a synthesis filter.

V/UV
. Pitch
Pitch —» Gen '
GAIN || LPc |»| POSLL
Filter
Noise A i Output
Gen
RMS ‘
LsP  1ISQ1 e
index VQ

Figure 2. Decoder block diagram

A synthesis procedure is performed on the pitch length base for the voiced frames and on the frame length
base for the unvoiced. All synthesis parameters include the pitch are interpolated linearity between the contiguous
pitch length sections.
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An excitation signal type is also changed synchronically with the crossings of pitch length section
boundaries. For the unvoiced frames the white noise excitation is performed using the unit amplitude impulses with a
random sign. For the voiced frames the impulse response of an all pass phase filter is used with adding a signal in
form of single impulses.

An excitation signal gain is calculated so that the synthesized frame energy to be equal the received energy
value. The non-zero memory of the synthesizer LP filter is always taken in account.

The synthesizer LP filter and the postfilter are realized as a single direct form IIR filter. The LP filter
coefficients are interpolated at the LSP stage. A frequency response of the postfilter is experimentally chosen from the
linear characteristic up to the inverting characteristic of the preemphasis filter. After the subjective listening tests a
preference was given to the partial compensation of preemphasis.

7. Results

All vocoders have been implemented on a PC using the float point arithmetic and the C language. They work
in real time under control of the WINDOWS-95/NT operating system using a full duplex sound card Sound Blaster
PCI-128 from Creative Labs. This PC based implementation takes about 10...15% of the Intel P-1I-400 MHz
processor load. After code converting into the fixed point arithmetic a DSP implementation will take about 10 MIPS
for the TMS320c54x processor family.

During the subjective listening tests it has been found that the vocoder (A) with 22.5 ms frame length has a
little more intelligibility than the 30 ms one (B), because a time envelope of the signal energy is transmitted more
precisely and that is important for the stop consonants transmitting. But the vocoder (B) has more natural and mellow
timbre because its LSP parameters are transmitted every frame without the every second frame interpolation as the
vocoders (A) and (C) do.

The fast tests of subjective intelligibility of meaningless syllables were taken using the method [2]. For the
vocoder operating at 1200 bps (A) the score of right receiving syllables is estimated at the level of 78 %, for the
vocoder at 1000 bps (C) — at 75%. Two speakers and three listeners took part in the experiment. They received 20
tables with 50 syllables each using the microphone IDMIII-1A and the ear phones TAM-12.
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