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BBEJAEHHME

VyeGHoe 110c06Me MOCBAIEHO aNrOpHTMaM KOAMPOBaHHA thopmbt
CHrHAJA, H3MEPEeHHIo pa3bopuMBOCTH PEuH apTHKYJIALMOHHBIM METOIOM
¥ M3MEpEeHUIO KauecTBa ped METOJIOM OLUCHKA M0 CEJIEKTUBHBIM MPU3HA-
kaM. Llenb AaHHOTO y4eOHOro nocobus — 03HAKOMHTh MAarucTpoB ¢ pea-
nm3amueit konexos PC Ha 3aaHHON CKOpPOCTH Mepenatn B nporpaMMHOM
cpene Matlab wiv ¢ TIOMOLIBIO nporpammbl «VOCdemoy,a Takke npo-
pectn paboty cornacao FOCT P 50840-95 u TOCT P 51061-97.

OcHoBHOM yueOHOR nuTepatypoil no KypcoBomy [IPOEKTHPOBAHHIO
konekos PC asasercs [1..4]. B 3ajady KypcoBoOTo [poeKTa BXOAWT pas-
BHTHE Y CTYAEHTOB HABbIKA xmw;mo,:ooumhommqgwnmon paboTsl B 0bsac-
TH KOJHPOBAHUA PeYH.

B pamkax MPOEKTa CTYACHTHI AOJDKHBI H3YdHTH CTPYKTYpY mpej-
OKEHHOTO AArOPHTMa KOMHPOBAHMs, HayTHO-TeXHIHIECKYIO JIATEPATypPY,
a4 TaKKe MCTOMb30BaTh CTAHAAPTHI, CTIPABOYHHKH H TeXHHYECKYIO JOKY-
MEHTaLHIO.

B xoJie BHIMOJIHEHHS KypCOBOTO NPOEKTa CTYACHT HOJIKEH:

1. PeanusosaTh BeiOpansblit kogex PC Ha 3afaHHOMH CKOPOCTH Ie-

peaauu B IPOTPaMMHOMN Cpene Matlab. [Ing peanu3alii KOACKOB

MO3KHO BOCTIONB30BaThCs mporpammoit «VOCdemo» (MHCTPYKIHA

K mporpaMvie NpUBeAeHa B NPUIIOKEHHH).

2. PaspaGotats cornacko FOCT P 50840-95 u 'OCT P 51061-97

METOAMKY OLCHKH KauyecTBa PeYeBBIX CHTHAJIOB HA BBIXOAC KOAC-

KOB M npoEecTH 3anuch PC GpHrajaol AMKTOPOB.

3. TIpou3EecTH SKCNIEPUMEHT IO MOfaYe HA BXOAe KOACKa CHTHa-

JIOB W TIOJIYYEHHIO HA BBIXOJE KOJeKa KOAHPOBaHHBIX PC mpu pas-

JIMYHBIX AKYCTHUECKHX IIyMaxX W UIyMax W HCKaKeHWAX B KaHane

CBA3H.
4, Tlpu BO3#eiCTBAM PAasNHYHBIX LIYMOB BBISIBATH KOPPENALHIO

MeKIy 00LEKTHBHBIMHU 1 CYOBEKTHBHBIMH OLEHKaMH.

1. TEOPETUUYECKAS YACTb. KOJEKHA PEYEBBIX CUT'HAJIOB

1.1 Knaccudpuxamus aJropuTMoB KOAHPOBAHHSA PC

Bce MeTOIB! HMGPOBOro KOJMPOBAHHSA PEUH MOXKHO Pa3IeNTh Ha 1BC
KaTeropHH: Kogeps! GOpMbI CHIHANA M KOJIEPbI HCTOUHMKA.

B cBOIO 0uepellb CXeMbl KOIMPOBAHMSA Pedy MOTyT GBITH PasAe/eHBI
Ha TpH OCHOBHBIX Kiacca. OCHOBHAS 3ajiaua ¥ QYHKLMSA STHX CXeM KOAHpO-
BaHUS - MPOAHAIV3HPOBATh BXOIHOH CHTHAN, YAAIHTE H36BI TOYHOCTE H CO-
OTBETCTBYIOUIMM 06Pa3oM 3aKOAHPOBATh WH(OPMATHBHBIE YaCTH CHIHATA.
Il CHWXEHUA CKOPOCTH UM(pPOBOro MOTOKa MPHXOANTCA pa3pabaTeiBaTh
Bee Goltee CIIOKHBIE METOAB! YCTpaHeHHs n36bTouHOCTH [1, 2].

Haubosnee pacnpoCTpaHeHHble CTpAaTernd KOMMPOBAHUA pEHYEBBIX
CHTHAJIOB NpHBeAeHHI Ha puc. 1.1,

Konepni
Koneps! popmbl  I'mGpunbIe KOAEPbI Boxoaepsl
- PCM (HKM) - CELP - OPTOroHJIbHbIE
-DPCM (HHKM) -LD-CELP - romomMopdnsie
- ADPCM (AJTHEKM) -MBE - D0JOCOBBIE
- DM (AM) - LPC - Boxofieps!

- ADM (AM)

Pucynox 1.1 - Mepapxusi cHcTeM KOAHPOBAHHS PEYEBLIX CHIHATIOB

PaccMOTpHM TapaMeTphl CPAaBHEHHS METONOB KOXUPOBAHMSA PETH. K
Hanbosiee BaXHBIM OTHOCATCS CIIEAYIOIIHE TapaMeTphl.

CKOpOCTH - ITO JHManasoH TpeOyeMbiX ckopocteif mepenaun. A
cHCTeM ¢ Gosiee HM3KOH GHTOBOM CKOpOCThIO TpeGyeTcs MeHbIIad M0Joca
4acTOT, MO ITON MpHdMHe OHH obecTeunBaloT Gojiee BHICOKYIO s dexrus-
HOCTH MCTIONB30BAHMA CTIEKTPA H MOILHOCTH ¥ B KOHEYHOM HMTOT€ NPHBOMAT
K COTOBBIM CHCTEMaM PaJMOCBS3H C MOBBIMIEHHOH EMKOCTBIO.

KauectBo. Kpurepuit, ucronp3yembiii MPH CPABHEHKH, - HACKOJIBKO
XOPOLLO 3BYHHUT Pedb B HACAIBHBIX YCIOBHAX - TAK HA3IBACMAd HHCTAA peub,
Ge3 omHOOK mepeaayr, TOJbKO IPH KOAHPOBAHHH. Cnenyer OTMETHTB, YTO
KAuecTBO ABJAETCS CyOBLEKTHBHBIM PE3y IbTATOM H3MEPEHHS 1 OUCHUBAHHA.




IToporosasi BeposiTHOCTL OMIMOKH Ha Gut. Bonee BBICOKOE 3HAYE-
HHE TOpOroBol omMOkM BejeT k Oomee pPobacTHOM CTpykType CHCTEMSbI, a
chAeaoBaTeNbHoO, K 6oiee HI3KHM TPeOOBAHUAM K OTHOIUEHMIO CHIHAJ/IIYM H
YBEIIHYCHHIO EMKOCTH CCTH.

3aepKKH KOAHPOBAHMSI CHCTEMSBI MepeAayYn peyn - 9To Qaxrop,
TECHO CBA3AHHBINM C XapakTepHCTHKON KauecTBa CHCTEMBI. 3ajepikKa KoIu-
POBAHMAA COCTOMT U3 AITOPHTMHIeCKON 3aaepkkH (Oydepusauuy peqn nis
aHanu3a), BHIMMCIHTENIBHOM 3aepiKKkH (BpeMeHH, Heobxomumoro mis 06-
paloTKH COXpaHEHHBIX peveBhIX BRIOOPOK) H 3aepKKH B IpoLecce nepe-
Jaud. Jins NOABHIKHBIX CHCTEN M CHUCTEM CIYTHHKOBOH CBA3M ILNMPOKO
NPUMEHALTCA TIpoUeaypa NOAaBI¢HHA 9Xa, TaK KaK NPHCYTCTBYET OLLYTH-
Masd 3afgepkka pacnpoctpareHHs. OZHaKO B cirydae Tene(OHHBIX CeTel,
TIe zafiepikka OYeHb Maja, NP WCMONB30BAHHE Kojepa ¢ Gonpummmy 3a-
nepxkaMu 6ynyT TpeGoBarbes CBepXMOMIABIE TIOJABUTENH 3Xa, UTO YBEJH-
4YUT 00IIYI0 CTOMMOCTD CHeTeMEl. dpyras npobnema 3afepkxu kogepa (1e-
Kofepa) - YHCTO cyObexTuBHBIE pasapaxaromuit daxrop. CaMsle HM3KO-
CKOPOCTHBIE ANrOPUTME! BBOUAT CYIIECTBEHHYIO 3aJ€PIKKY KOXMPOBAHMS
1o cpaBHEHHIO O crasaapTHeIMH MKM cucTeMamu, pacCUMTaHHBIMH Ha
CKOpoCTh Nepenaun 64 kbur/c,

B npunoxenuax tHna tesexkoH(epeHINI MOKET BOSHHKHYTH Heob-
XONHMOCTh COEIHHEHHS HECKONBKUX YYACTHHKOB Yepe3 MHOTOTOYEHHOE
yCTpoHcTBO ympapieHus, 4T00L! CBA3aTh KAXKJIOro YeNoBeKa C IPYTHMH.
Oto Tpelyer AeKOOHpPOBAHHA KaKIOro NOTOKA JAHHBIX, CYMMHPOBaHHA
HNEKOJHPCBAHHBIX CHTHAJIOR, A 3TEM IEPEKOAHPOBAHUA PE3YAbTHPYIOMET0
CHTrHana. 3TOT npouecc yaBanBasT 3aJepHx Ky H OJHOBPEMEHHO YMEHbIIACT
KayecTBO PeYH HM3-3a HEONHCKpaTHOro KompoBaHus. Takas cucrema Tene-
MOCTa MOXKET AOMYCTHTh M2KCHMAIBHYIO 3aJepiKKy B 0JHY cropony 100
MC, TaK KaK MOCT IpHBeeT K YJIEOSHHIO 3afep)KKH CHCTEMbI B OJHY CTO-
poHy 1o 200 mc.

Cnoxuocre u norpebsiedne 3Heprud. [TosBieHHe MHKPOCXEM
uupposoii obpaborku curnanos (DSP - Digital Signal Processor) u cre-
upanuzuposanssix BUC (ASIC - Application Specific Integrated Circuits)
[allo BO3MOXHOCTh 3HAUMTENBLHO CHH3UTh CTOMMOCTH BBIMHCIHMTEIBHBIX
onepaumif. ONHOM W3 OCHOBHLIX TEXHOJOTHH CHHKEHHA MOTPEOIeHHUS
SHEPTHA ¥ yBeNMJeHHA 3((eKTHBHOCTH KaHala SBAAETCA LHPPOBAT MH-
Teprionsiuist peuu (DSI - Digital Speech Interpolation). DSI ucronbzyer
TOT (haxT, YTO peusb B AeHCTBATENHHOCTH 3AHUMAeT JHUIIb OKOJIO NONOBHHLI
BPEMEHH [1€PErOBOPOB M BO BPEMA (IIPOCTOEB) KaHal MOXKET GBITb MCTOTE-
30BaH JUIS IPYTHX Lenel. DTo no3soNdeT cHikaTh akKTHBHOCTD Nepenaryy-
Ka, T.€. 9KOHOMHTb SHEPIHI0.

O6pafoTka APYrHX CHIHA/J0B 3BYKOBOTO auana3ona. Kaxabl
CBA3H, M3HAUAJBLHO MpeIHa3HaueHHbIE NJIA 1epelady pedeBbIX CHIHANOB,
HEpeIko MCIONb3YIoTCA I Nepeays APYTroro pojia CHrHauoB, TaKUX KaK
CHTHAJIBI OT MojeMma, (pakcUMHJIbHOTO amiapara ¥ ap. CratucTaieckue
napamMeTpsl (OPMBI M HACTOTHBIH CNEKTP TAKHX CHIHANOB COBEPWIEHHO
OT/IMYHBI OT COOTBETCTBYIOMIMX NAPAMETPOB PeuH, MOITOMY alIroOpHTM 06-
paboTku JOKeH onepupoBath ¢ oGoumu Buaamy curHanos. Ilpu paspa-
60TKE IrOpUTMAa BO3MOXHOCTH Ipe00pasoBaHiA HEPEYEBBIX CHIHAJIOB
3BYKOBOrO JHMANa30Ha 3a9acTyl0 OTXONMT HA BTOPOH MIaH M paccMaTpusa-
eTCs Ha 3aK/TIOYHTENLHOM 3Tane, 4To, 6e3yCI0BHO, ABIAETC OMHUOKOM, 0Co-
GeHHO mpy pa3paboTke KOAepOB 1Jid ceTelt o01uere moapsosanus [1, 2].

Ka4ecTBO peud W CKOPOCTH Mepeaat i - [Ba KOH(IMKTYIOmHMX dak-
topa. Yem Gosiee HH3KaA CKOPOCTh PEUEBOrO Konepa, T.e. bomee BBICOKas CTe-
MeHb KOMIIPECCHH CUTHana, TeM GOMble CTPAJ(AeT Ka9ecTBO - B JAHHOM ClIy-
yae CTerneHkb JOCTOBEPHOCTH. [UIi CHCTeM, KOTopbie paboTaloT B TeNed)OHHBIX
cersax obmero nons3zoparusa (THCOIT) 1 opoOGHEIX MM, OCHOBHBIM TpebOBa-
HHEM SBIIAETCS KAuecTBO KOAUpoBaHis (kojeps! opmer). ONHAKO MIA 3aKpbl-
THIX ceTel, TAKMX KaK YacTHbIe KOMMepUecKyie HIH B0CHHBIE CHCTEMbI CBSI3H,
TpeboBaHs K KaUeCTBY MOTYT OBITh CHIDKEHBI ¢ LIEJIBIO TOBBIMIEHUS CKOPOCTH.
Xota 06buHO Tpebyercs abCOMOTHOE KAa4ecTBO, HTHM TMpEeHeOperamT i
Npyroii TpyIIbl CTAHAAPTOB, LIENh KOTOPBIX - A00MTHCA DOsIee BHICOKOH cTene-
HH ckaTis (THOpUIHBIE Komepsl). Hanpumep, 13 cucTeMax MOABHKHOH pajiHo-
CBS3M BBICOKAS CTENEHb CXKATHS NPH CPeJIHEM KadecTBe - 3TO Pematonyii dak-
TOp NpH BEIOOpE CTaHAAPTa KOAHPOBAHUA. ITO Ka4eCTBO OOBIYHO MPHHAMAST-
s B Pacyer KaK NPU XOPOWIMX, TaK A IPH MJIOKMX YCIOBHAX repefadu. Oka-
3bIBAETCA, YTO MEPBbIHA (PaKTOp OTHOCHTE/IBHO ITPOCTO H3MEPHUTD MO YMEHBIIE-
HHUIO CKOPOCTH Lu(poBoro notoka. ONpesemiTs H OUEHHTh UCKKEHUS TPy~
nee, [IpiurHa COCTOMT B TOM, YTO PEYEBOIi CHI'HAN BOCIPHHAMAET He YCTPOH-
¢TBO, & uenoBek. K coXaNeHHIo, OTCYTCTBHE MOJENCH BOCIIPHATHA HE TO3BO-
msiet paspaboTaTh 00bEKTHBHBIE METCIBI OLEHKM HCKAKEHUH peyu.

1.2 Konexu ¢popmel

Koaex G.711 - pexomenpauus, ytepiagaHas MKKTT B 1984 r,,
OIMCHIBAaeT Kojek, wucnonedyoumit UKM rpeobpasoBaHne aHajoroBOro
CHrHAJIa ¢ TOYHOCTEIO 8 6UT, TakTOBOM wacToroll 8 KI'll M mpocTediniei KoM=
npeccueil aMIUIUTYApl curHana. CKOpOCTk NOTOKA [aHHBIX Ha BBIXOJE Ipe-
obpazoBarens cocrasiser 64 xGur/c. [ cHikeHMA yMa KBAHTOBAHMS H
yIydIneHAs MPeodpa3oBaHus CHrHANOB ¢ HeCOMBIIOH aMILUIATYAOH NpH Ko-
JHUPOBAHHUH HMCTIONE3YeTCS HEJMHEeHHOe KBAHTOBAEHMe MO YPOBHIO COMIACHO
CMEIHANTBHOMY TICEBIONOrapHMAIECKOMY 3aK0OHY.




Konex G.721 - 510 cranaapTHbii kogex ITU-T, KoTOpbIH HCTIONB3Y-
eT amanTHBHYIO MHGOGEpEHINANBHYI0 WUMIYIbCHO-KONOBYIO MOy IIALIIO
(ADPCM). d®opMa HMITyJIbCHO-KOIOBOH MOYJIALHAH (PCM) mns mojyde-
HHA LU(POBOTO cHrHaNa ¢ Gosee HU3KOH CKOPOCTBIO NEpenatiu Mo furtam,
yem crangapthbii PCM. DTOT cTaHAapT ITU pmns pedyeBbIX KOIEKOB HC-
nons3yer ADPCM Ha kaHaje cO CKOPOCTBIO 32 kbut/c. G.721 6bLn BHEp-
Bble npeacTasien B 1984 roxy. B 1990 roxy 3TOT ¢TaHAAPT OBLI CJIOXKEH B
G.726 Bmecte ¢ G.723.

Komex G.722 — WMPOKOTONOCHKIH ronocoBOH KOAEK CTaHAapTa
ITU-T, paboTatoruit co CkopocThio 48, 56 u 64 k6ut/c. TEXHONOIHA KOAEKA
ocHoaHa Ha AJTMKM. Dtot cTagaapt GbuT NPUHAT B 1988 r. u B HacToALIEE
BpeMs CHIIBHO YCTapell. G.722.1 — 310 Gonee HoBas Bepcus konexa G.722
or 1999 r. OH npeaHa3HaYeH Mis CKATHA MUPOKONOJOCHOro ayNHOCHIHANA
¥ GasHpyeTcs Ha TPeTheM IOKOJICHHH TEXHOJIOTHH CHaTHA Siren® 0T KOM-
naaui Polycom. DToT craHmapT obecneunBaeT IIMPOKOTIONIOCHBIH ayAHo-
curaan, 6onee Gruskuit 1o kadecTBy K FM paano, ueM K obbruHOMY Tenedo-
Hy. G.722.1 onpenenser paboTy KOJEKa Ha CKOPOCTAX 24 u 32 x6ut/c npu
mupuHe nosocst nponyckarns SO ' — 7 k', Kozex G.722.1 Annex C 6a-
3MpyeTCs Ha NATeHTOBAHHOMH TEXHONOTHH Siren 14® ot kommanuy Polycom.
KauecTso ayauocurrana npubmmkeno k CD. 10T aropat™ CKaTHs obec-
[eYmBaeT CBEPXIHPOKONOIOCHBIH ayIHOCHIHAN 14 x['u Opu CKOPOCTAX Iie-
penauu 24, 32 n 48 x6ur/c.

Konex G.723.1. Pexomennammus G.723.1 yreepxnena ITU-T B Hoabpe
1995 rona. ®opym IMTC BriGpan konek G.723.1 xak 6a30BBbiH /LA MPHIIO-
xeHuil [P- TeneoHuN.

Komex G.723.1 MPOM3BOAUT KaJpbl JIHTEILHOCTIO 30 MC ¢ mpoaos-
JKHTEJIBHOCTBIO Tpe/IBApHTENIBHOrO aHanusa 7.5 Mc. IlpenmycMorpero Asa
pexxuma paboTsr: 6.3 KGUT/c (kaap umeeT pasMep 189 OUTOB, JOTONHEHHBIX
1o 24 GaiftoB) u 5.3 k6ut/c (kamp umeer pasmep 158 OUTOB, AOMONHEHHBIX
no 20 Gaitros). Pexxum paboTel MOXKET MEHATHCA IMHAMUYECKH OT Kalpa K
Kaapy. Oba pexuma 0643aTe/IbHbL [T PeaTH3alnHy. Ouenka MOS cocTasis-
er 3.9 B pexcume 6.3 k6ut/c 1 3.7 B pexume 5.3 KOHT/C.

Kogex crneundumupoBaH Ha OCHOBE OMepauyi Kak C IaBaoLei
TOYKOMH, TAK M ¢ (PMKCHPOBAHHOM TOUKOI B BHJE KOJA Ha AIBIKE C. Peanusa-
s KoJeka Ha mporeccope ¢ GHKCHPOBAHHOH TouKo# TpeOyeT MPOH3BOIU-
TenbpHOCTH oKono 16 MIPS.

Kozek G.723.1 umeet aeTeKTop peueBoi akTHBHOCTH H obecrieulBaer
reHepaurio KoMGopTHOrO IIyMa Ha ylaleHHOM KOHLE B IEPHOI MOTYaHus,
1H QYHKIMK CHSLH(GUIHPOBAHE B NIPHIOKEHHH A (Annex A) K pekoMeH-
naupn G.723.1. ITapameTtps! ¢oHOBOTO IIyMa KOAMPYIOTCA OU€Hb MajieHp-
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KHMH Kazpamu pasmepoM 4 Oafita. Ecii mapamMeTpsl WIyMa HE MEHAIOTCA
CYIIECTBEHHO, Tepeiaia MOJHOCTRIO MpeKpauaeTes.

Komek G.726. Anroputm komuposarus AJIMKM (pexomeHnaums
ITU-TG.726, npurstas 8 1990 r.). On ofecriednBaeT KOIMpoBaHue HHppo-
poro notoka G.711 co ckopoctsio 40, 32, 24 wiu 16 xOHT/C, rapaHTHPYA
oueHkd MOS Ha yposHe 4.3 (32 x6uT/c), 4TO 4acTO NPHHUMAETCA 33 ITANOH
ypoBHsA KayecTa TeneoHHOM cBasu (toll quality). B mpuioxkeHusx 1P-
TesrepORMM TOT KOIEK NPAKTHIECKH He HCTIONB3YETes, Tak Kak OH He obec-
IeYMBaeT HOCTATOUHOM yCTOMYMBOCTH K MOTepAM HHOpMALIAH.

Konex G.728 Wcrons3yeT OPHIHHATBHYIO TEXHOIOTHIO € Manoii 3a-
nepxxoit LD-CELP (low delay code excited linear prediction) # rapanTipyeT
ouenku MOS, ananormunsie AJJUKM G.726 mpu ckopoctd nepenauu 16
kGuT/c. JlaHHBIR KONEK creLHaibHO paspabaTsiBaicsa kak Gonee coBepiieH-
Has 3amena AJTUKM mns o6opyoBaHHs YIUIOTHEHUA Tee(OHHBIX KaHANIOB,
npH 3ToM 6b1I0 He0OX0AUMO 00eCedHTh 09eHb MATTYI0 BETHIHHY 3aAePIKKH
(MeHee 5 Mc), 9TOOBI HCKIIOYHTE HEOOXOAMMOCTh IPHMEHEHHS SXOKOMIICH-
caTopoB. 1o TpeGoBaHue GBUIO yCTIEUHO BhIIONHEHO yueHEMu Bell Labs B
1992 romy: xomep MMeeT AIMTENbHOCTh Kajpa Tonbko 0.625 mc. PeambHo
3aiepKKa MOXKET JOCTUraTh 2.5 MC, TaK KaK JAEKOAep MO/IKEH NOAACPKHBATD
CHHXPOHH3ALHIO B PaMKaX CTPYKTYPbI U3 YETBIPEX KaIpPOB.

HenocTaTkOM anropuTMa SBJISETCA BBICOKAs CIOXHOCTB - OKoJo 20
MIPS nis komepa 1 13 MIPS ma fexoziepa - 4 OTHOCUTENBEO BBICOKAs UyB-
CTBUTEJBHOCTH K ITOTEPAM KaJpOB.

Konex G.729 odeHb MomyJisapeH B NPHIOKEHHAX Tepeadl pedH 1o
cersMm Frame Relay. On ucmonssyet Texnomormio CS-aCeLP (Conjugate
Structure, Algebraic Code Excited Linear Prediction). Kojek wucronssyet
Kaap pmTensHocThio 10 Mc M obecnieurBaeT CKOPOCTh MEpeaaiu 8 xbur/c.
JUts xopepa HeoGXOMUM MPeIBAaPHTE/IBHBIN aHATIN3 CUTHATA MPOAOJLKUTEb-
HOCTBIO 5 MC. 4

CymiecTBYIOT IBa BapHaHTa KOJIEKa:

* G.729 (omobpen ITU-T B nexaGpe 1996), TpeGyrommit oxono 20
MIPS ans konepa n 3 MIPS nns nexozepa.

* Vnpomennsii Bapuant G.729A (ogo6pen ITU-T & nHosGpe 1995),
Tpebytomuit oxono 10.5 MIPS ans peanusauny Kogepa u okosio 2 MIPS s
Aexonepa.

B cneundukanusx G.729 onpenenenst anmroputmsi VAD, CNG n
DTX. B mepuosl MoTuanus kofep nepejaer 15-6utossle kaapsl ¢ HH(Op-
Matelt o GOHOBOM IIyMe, eCITA TOIBKO IIyMOBas 00CTAHOBKA U3MEHACTCA.

B tabmuue 1.1 npuBeseHbl OCHOBHBIE XAapaKTEPHCTHKH AJA PasHbIX
KOJIEKOB.




Ta6auua 1.1 - XapakTepHCTHKH OCHOBHBIX KOJEKOB pe4eBbiX CHIHAIOB
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1.3  AnaropaT™Mbl KoAHpoBaHH: GOpPMBI CHIHAJA

Mmnynscno-koxopas monynsuus FIKM (PCM - Pulse Code
Modulation). Lludposoe npeobpazoBaHue HEIpPepLIBHOTO PEYeBOro coob-
HmIeHHsl B COOTBETCTBHM ¢ pekoMennaumed €711 (puc.1.2) ucnoassyercs
Haubonee qacTo.

A) Al

JeyK | Keawrosainen | Ungposas |
—» OHY w Jiciperisaus — KogHpoBEHe | KOMNPCCHA mm_m i
fe = 340y fy=Hly nelt n=3

Pucysok 1.2 - lindgposoe npeobpazoBaHue
HENIPEPBLIBHOTO peveBoro nocmEm:xn B KON

[Tpu 3TOM MaKCHMAIbHAA YaCTOTA CHTHANA fings = 3.4 kx['1, uacTo-
T2 JUCKPETH3ALUHH fryex = 3,4 KI'l. ITocne paBHOMEPHOTO KBaHTOBAHHUA
Npu ypcie ypoBHel L=12 u npenpapuTeNLHOTO KOAMPOBAHHA MPCH3BO-
ouTcs LM(ppoBas KOMOpeccHs, B pe3yapTaTe 4ero JIuHa KOJOBOH komOu-
HallMK yMeHblmiaeTcsi 0o n=8 pa3psamoB. PesynbratoM npeoGpazosaHus
ABJMACTCA ABOMYHAA MOCHENOBATEILHOCTB, NepelaBacMas CO CKOPOCTHIO
64 x6ur/c.

bnaounas UKM (BUKM). M3 pasznevdbix CHCTEM aZanTHBHOM
HUKM (AUKM) naubonbuiee pacnpocTpaHeHHe nojgyduna cucremMa 6iou-
Holt UKM (BUKM), koTOpYy10 4aCcTO HA3bIBAIOT CUCTEMOH € MOYTH MI'HO-
BeHHBIM KoMnanauposaHueM (NIC - Near Instantaneous Companding).

Orcyersl n-paspagaoro ALTI pasbusaiot Ha 6a0ku ne N oTcueTos.
B kaxnom 6inoke HaXomAT OTCYET ¢ MaKCHMANLHEIM A4 AaHHOTO Bloka
YPOBHEM. DTOMY YPOBHIO COOTBETCTBYET OIIPelleNIeHHbIH HOMep cTapiue-
ro 3Hadauero paspan (j), ¥ Bce craphire paipaiel B KOMOMHAIMAX 3TOTrO
6oka OyayT HyneBbIMH. 3allHCAHHBIH B JEOMYHOM KOJE HOMEpP 3TOrO
paspanga obpasyer MaciuTabHyro HHGOpPMAlHIO, KOTOpas H3-3a CBOSH
BAXXHOCTH, K4aK [NPaBHJIO, 3alIHIIAETCA EOZGkOu\n.ﬂowaﬂw!Z KojioM. B
pesyapTaTe MacmtabHas UHQOPMALHA BMECTE C IPOBEPOYHBIMH CHMBO-
naMu obpasyer m-3HAYHYI0 KOMOMHALHIO, KOTOPYIO NOGABIAIOT K OCHOB-
HOI HH(OpMAaLHH.

OcHoBHasi HH(popMauua GopMupyercs BbrGOpOM k paspaaoB H3 m
HMCXOMHBIX pPa3spANOB, NpHYEM MepBBIM (CTapuUIMM) pa3spaAfoM ABIAETCA
pa3paa ¢ HOMepoM, OTIHCaHHBIM B MaciuTabrxoii nHdopManum.,

OcnoBHast “HQOpPMALUA A7A KaXKHOro U3 5.10K0B 0OBENHHAETCA C
macmtabHoi B enuubid nudposoil motok. PesyrbTupyiomas CKOpOCTh
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uudpoBoro moToka Ha BeIxoxe cucteMbl BUKM R=f+ Dﬂ + mv Ha

npakTke, Kak IPaBANO, HCMOJB3YIOT Cilelyiomne napaMeTphl:
=8kl n=10..13; K=6..8 N=8..16; m = 6..8.

[Ipy OfMHAKOBBIX YCJIOBHMAX MEpPEaaiH BUKM paer nyumee Kaye-
ctBo, yeM WKM. ITosTroMy MOXHO CHH3MTb CKOPOCTE mepesatd A0
32...56 xbut/c.

JndpepeHunanbHas HMNY/IbCHO-KOXOBAH MOAYJIsIUHS JUKM
(DPCM — Differencial Pulse Code Modulation), C Lenbi0 CHIDKEHHA
TpeGoBaHMit K TIPOMYCKHOH CIIOCOOHOCTH KaHala MOXHO HCMOIB30BATH
HAJMYME KOPPETALMH MEXKIy OTCYETHHIMU 3HAUCHHAMH MEPenaBacMoro
coobmenns. Takoil MeTon HaspiBaeTcs mnepejadelt C MpeACKkasaHHEM
[5...7). TIpu 3TOM NOC/IeA0BATENBHOCTh 3HACHUH A(h) noctynaet Ha OJIMH
BXOJl BBIYHTAIOLLEro ycTpoiicTpa (puc.1.3), B To BpeMs kak Ha Apyroit Bxon
NOCTYNaeT MpecKa3aHHOe 3HaYeHHe A(h), monyueHHOe TEM HIM HHBIM
METOIOM B YCTpOHCTBE NMpEJCKa3aHHs HAa OCHOBE aHAIM33 KaK MpEAbIAy=
MMX OTCUETHBIX 3HaueHud COOOIEHHA, TAK M TEKYIHX MEepefaBacMbIX
3HaYeHu HA BXOJE BBIYHTAIOWEro yerpoiicTsa (puc.] 3)[7].

fuexe

Mpeackasarens *

PucyHok 1.3 - MeToa npeAckasaHus npu nepeaade

Ha npreMHOM KOHLE 3Ha4eHHs cooOueHns A(%) BOCCTAHABIHBAIOT-
¢a myTeM noGaBieHHs NPUHATOrO CHUTHAnNA owrbxn mpesckasauns &[h] k
NpeNCcKa3bIBAEMOMY 3HAUCHMUIO Ah) (puc.1.4).
sw Ty A
=t i

+

itk

pencrasarent @

Pucynox 1.4 - MeTon npeackasaHus npH npueme

B cucreme ¢ auddepeHnnanbHoi :z:whrnmo-xonouom MOYJIALU-
et (IIMKM) otcuerHble 3HaueHus [R] omubKku npeAcKasaHus nojsepra-
[0TCS KBaHTOBAHMIO C MEPEXOAOM K 3HaUEeHUAM ua_”._.u @HAaJIOTHYHO TOMY,
KaK 5TO JeNaeTcs MPH MCIONE30BaHMA OGBIMHON UKM, oiHako npu cy-
[{eCTBEHHO MEHbIIeM YHCIe ypOBHEil KBaHTOBAHMA. Takum oGpa3zom, npu
ONMHAKOBOM KauecTBe Mepejiauy pedn METOAd AUKM no3BossieT uernoss-
30BATh MEHBIEE YHCIO Pa3pPANOB N B KOAOBEIX KOMOHMHALMAX 1O CpaBHe-
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Hu ¢ MKM. Ilpu 3TOM CyLIECTBYET GoJbIIOE YHCIIO PAa3IMYHBIX BapHaH-
toB peanuzauun Metoga JJUKM, nHaubonee THTTHYHBIH U3 KOTOPBIX Mpea-

craBieH Ha puc, 1.5 u puc.1.6.
Cwrvan AWKM

&, (k)

Pucysok 1.5 - Konep AUKM
_.ﬂ:q:ﬁ: Ds_nj m...Qhu U\L/ 1,
Jlexonep | -+ e

i
L Mpeackasatens 4

Pucynok 1.6 - Texopep JUKM

E@N 3TOM UMEKT MEeCTO COOTHOLICHHA!
e[nl = AlR] — 1(h); 1.1
FAE e Hg + &g HE. A—Nv

B KauecTBe mpelckaskiBaeMoro 3Hauerus coobmenns A(hY B mpo-
cTefileM Clryyae MOXeT OBITh MCIONB30BAHO MPEABIAYIIEe OTCUCTHOE 3HA-
yeHHe, XOTA B 0OIIEM CITyJae HCTONB3yeTCs BhIpaKEeHHe

I = T, cidglh— i, (1.3)

TaK 4TO MpeicKa3aTesib MOXKET ObITh peaju3oBaH B BUAE TLaHCBEPCATIBHOTO
¢uneTpa Ha ocHOBE M - OTBOJHOW JIMHHMM 3a[CPKKH (peructpa cisura) ¢
BPEMEHEM 3a/IEPXKKH MEXK/y OTBOJaMH, PaBHEIM HHTEPBATY BpeMEeHHOMU AuC-
kperusamun At (puc.1.7).

KnaccupukanuosHsiMi ipusHakamu kozepos JIMKM cuuraiorcs
Haidure 6I0Ka JTMHEHHOro NMpeicKa3aHWs aBTOPErpecCHOHHBIX MOCien0Ba-
TebHOCTEH (IpefcKa3aTeNs) U MCIIONB30BaHHE MHOrOypOBHEBOTO (6ombure
JBYX YpOBHeif) kBaHTOBaTesA. Biok JIAHEHHOTO IMpeacKa3aHUuA MOKET COo-
CTOATD M3 JABYX YacTeil - ZONTOBPEMEHHOrO H KPaTKOBPEMEHHOTO NpeACkasa-
Teneif. B kaHan nepenaerca pa3sHOCTh HCTHHHOIO H NPEJCKa3aHHOTO 3Ha4e-
HHit curHana (CHTHaJI-0CTaTOK, OH e - MNOrpemHoCTh npenckasanus). Cuc-
temsl ¢ JIMKM ofecmeunBaioT Takoe KadecTBO BOCCTAHOBICHHA CHUrHania,
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KOTOpO€E COTIOCTABMMO C TPeOCTaBIACMBIM MKM, 1 Ha nopanok bonee Bbl-
COKYIO TIOMEXOYCTOIHUMBOCTb.

A, (k)
il g b i
ﬂ..u. v hk 3
")) i
\ Y iw
% =

Pucynok 1.7 - TpancBepeanbHbii duasTp

SddexrusHocts MeTo1a JUKM MOXeT GBITH MOBHIIIEHA Ty TEM e~
pexona K ananTHBHON anddepeHInanbHoR HMITYILCHO-KOAOBOH MOy~
wan AJIMKM. TIpy 35TOM MPOH3BOMMTCA aBTOMATHHUECKOS pery.1MpoBaHue
BeTUYHHBl (AT KBAHTOBAHYS CHTHANa OMMOKM MPENCKa3aHHd, a TaKkKe
aBTOMATHUECKAs. TONCTPOlka X03((UIMEHTOB €f TPAHCBEPCANLHOIO
¢wabTpa yeTpolcTBa Mpe/Ckda3aHHs (pic.1.7) B COOTBETCTBHH C U3MEHEHH-
eM TEKYIIEro CIeKTpa lepeliracMoro coobmenus, s 3TOrO Kak B mepe-
Jarolee, TaK ¥ B TPHEMHBIE YCTPOHCTBA BBOAATCA AOTIONHHTE/ILHBIC LEenH
ABTOMATHYECKOH PEryJUpOBEH yCHJIEHUA MOACTPOHKH NapaMeTpos npen-
ckasaTens Ha OCHOBE CTATHCTHUECKOTD ONEHHBAHMA IMApaMeTpoB riepea-
paeMoro coobmeHus. 3a cyeT HCMOJIb30BaHUA AJIUKM pocTtHraeTcs
yMEHEIIEHHe CKOPOCTH pPe3y.1sTHPYIoIEero LM(pPOBOro NOTOKA MPAKTHYE-
cki 6e3 CHHIKEHN Ka4ecTha 3ByKa,

ADPCM - ofnH 13 Haubonee 0OWIENPHHATHIX M JABHO MCHONb3Ye-
MBIX AJTOPHTMOB CKATHA DM, KOTOPbIH PErIaMeHTHPYETCA CTaHIApTOM
G.726, O mpuaaT B 1984 1. [1,3...5,7]. OH 3aMeutaet co6oii mpyrue craH-
paptel —G.721, KOTOpbIH ONHCHIBAET ADPCM niepeady rofoca 1ojiocoi B
32 x6ur/c, n G.723, xoropuii omuchisaer ADPCM mepenaty B 24 u 40
k6ut/c. YeTslpe MOJIOCHE KOACKA G.726 cooTHOCAT 0OBIUHO ¢ Pa3MEPaMH BbI-
opok (oTcuetos) B Gurax, 310 2=, 3-, 4- H 5-GUTOBBIN COOTBETCTBEHHO.

ITOT AITOPHTM 14eT NPAKTHYECKH TaKoe e KadecTBO BOCIPou3Be-
HeHHs PevM, Kak M PCM, omHako Mg nepefayu mﬁeovzmﬁ:: NOpH ero uc-
fmoJik30BaHMK TpebyeTca BCero 32 k6pr/c. MeTo OCHOBAH Ha TOM, 4UTO B
AHANOFOBOM CHPHAJE, NIEpEalonieM pedb, HEBOSMOKHBI PE3KHC CkatdKku MH-
rercuBHOCTH. TTO3TOMY €Cii KOXUpOBaTh He camy aMIUTHTYy CHTHafIa, a ee
H3MeHeHHe N0 CPABHEHMIO ¢ /TpebIIy M 3padeHUEM, TO MOKHO o00UTHCEH
MEHBIOHM YHCIIOM paspsjios. B ADPCM n3MeHeRIe YPOBHA CHrHana Kou-
PYETCsi YeTbIPeXpaspsAMHiIM “HCTIOM, npu 3TOM 4acToTa H3MEPEeHUsA aMILUIH-
Ty[(s1 CHFHANA COXPAHALTES neusmerHod [5...7].
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OcHOBHOI NMPHHIAT, pealH3yeMblii Npy MacmTabHPOBAHUH, 3aKMIIO-
yaeTcs B GumopansHOM agantatwy [2... 8]:

- BBICTPO - 1A CHrHANOB (HAMpUMEP, PeYesLIX), KOTOpbIe JAIOT pa3-
HOCTHBIE CHIHAJIBI ¢ GONMBIIAMH (QIYKTYaLHAMY:

- MEJIJIEHHO} - 1% CUTHAIOB (HAaNpKM:p, JaHHBIX B AHAINa3OHe TO-
HAIBHBIX YACTOT, TOHOB), KOTOPHIE AT PAa3HOCTHLEIE CUTHANBL C MaTbIMH
daykTyauuaMu.

YrpaBneHue CKOPOCTBIO afallTalli MPOAZBOIUTCA ¢ TOMOLLBIO KOM=
GuHAIME GHICTPOTO W MEIUIEHHOTO MacInTabHEIX KO3 PHINEHTOB.

1.4 Boxopgeprl

Bokoaep (0T aHMIHHCKHX CIIOB VOice — Iroioc i coder — KOAUPOBLIKK)
npeacTaBiaseT cofol YCTPOKCTEO, OCYUIECTBAAIONIEE MNapaMeTpHyecKoe
KOMITAHIHPOBaHHE pedeBbIX cUrHanoB. KoMOpeccHs: peveBsIX CHTHANOB Ha
riepeialoneM KOHIe KaHajia CBA3H MPOU3BOAMTCA B AHANH3ATOPE, BBIAL/AIO-
[EM W3 PEUEBOr0 CUTHAIa MEITEHHO MEHAIOIHECH COCTABIIMIOIINE, KOTOphle
nepeaaloTcs Mo KaHamy CBA3M B BHAE KOMOBHIX MOCHUIOK. Ha mpaeMHOM
KOHIE ¢ MOMOLIBI0 MECTHBIX MCTOUHHKOB CHTHAJIOB, YNPABIAEMBIX MpHHA-
THIMH TapaMeTPaMH, CHHTE3HPYETCA PeYeBOi CATHAIL.

PaGora BOKOZEPOB OCHOBAHA HA MOJAE/FPOBAHUM YENOBEYECKOH PEHH
C Y4ETOM ee XapaKkTepHbIX ocoGeHROCTeH. BMECTO HENOCPEACTBEHHOIO M3~
MEpeHH: aMILTMTY bl BOKOAep npeolpasyeT BXOAHOH CHrHal B HEKuil Ipy-
ro#, moxoxui Ha Mcxomuslit. [IpydyeM U3MepseMBIE XapaKTEPHCTHKU peve-
BOTO CHIHa/Ia MCIIOMB3YIOTCS LS TIOATOHKH NapaMeTPOB B IPHHATOM MDJIETH
pedeBoro curHana. MIMeHHO 3TH napaMeTphbl H Nepe/laloTcs MPHEMHHKY, KO-
TOpBIH 110 HIUM BOCCTAHABIIHBAeT MCXOMHBIH peuesol curuan. ITo cyiecTsy,
peds HIET O CHHTE3e peur. ECTECTBEHHO, UTO M3MEPEHHE MCKaXKeHH 0THO-
IIeHHs CHTHAN/IIYM Gecrone3Ho /sl BOKOIepCs M, CleNoBaTeNbHo, HeobXo-
JAMBI IpYTHE CyObeKTHBHbIE OLEHKH, TAKME KAK CPEIHAs IKCNepTHAT OLEH-
Ka, JHarHOCTHYeckHit puMOBaHHBIH TECT, [HATHOCTHYESCKAA OLUEHKA IpH-
€MJIEMOCTH H JIp.

ITo crioco0y aHanu3a U CHHTE3a PeUHd BOKOJEPB! MOXKHO Pa3sieNiTh Ha
JBa KJIacca: peuesTieMeHTHbIE M mapamerpudeckie [2, 6...8].

B pedesneMeHTHBIX BOKOASpPaX NPH KOAHPOBAHHH PACIIO3HAIOTCA
MPOM3HOCHMBIE HJIEMEHTBI peun (Halpumep, (JOHeMa) M Ha BBIXOA Koxepa
NoJaloTcs TONBKO X HoMepa. B nexojepe oTH 3/1eMEHTH CO3At0TCA MO Npa-
BHJIaM pedeoOpasoBaHua MM GepyTca U3 namsTH lekozepa. PoHeMHbIE BO-
KOAEPHI MpeiHA3HAuYeHb! [/ NOTYUeHNs Npe1e bHON KOMIPECCHH PeveBbiX
curHanon. O6aacTh TpUMeHeHHs (POHEMHBIX BOKOJSPOB - JIMHWH KOMaHIHOH
CBSI3W, VIpPaBJEHHe H TFOBOPSAIIME ABTOMAThl HHPOPMAUHOHHO-CIPABOYHOH
ciyxk6pl. B Takux BOKOAEpax MPOMCXOMMT aBTOMATHYECKOE pacrno3HasaHue
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CJTyXOBBIX 06pA30B. @ He ONPE/IENIeHNE TapaMETPOB et | COOTBETCTBEHHO
TEpPAIOTCA BCE HHAWBHIYANbHBIC 0cOBEHHOCTH JUKTOPA.

TapameTpHUeCKHH BOKOACP MPEACTABIACT co6oif ycTpoHCTBO, KOTOPO®
CcOBepIIaeT TaK Ha3LIBACMOE aPaMeTPUIECkoe KOMIaHJUPOBaHHE PEUEBBIX
cHrHAoB. KOMIpeccHs pedeBBIX CUTHAIOB B KOAEpE OCYIIECTBIACTCA B aHa-
M3aTope, KOTOPBIH BEIIEIAET C PedeBOro CHrHaa MeIeHHO MEHSIoIMECs
niapameTpsl. B iekoiepe Tpi MOMOLIH MECTHBIX HCTOYHMKOB CHIHAJIOB, KOTO-
phle YNpaB/sIOTCS TPUHATHIMH TAPAMETPaMH, CHHTE3UpYyeTCs PeYeBoi CHr-
a1, B apaMeTpUYSCKAX BOKO/EPaX ¢ peueBoro CHrHaa BBIE/IAIOT [Ba THIIA
NapaMeTpOB H 110 ITHM NapaMeTpam B ICKOAEPE CHHTE3UPYIOT PeUb:

- IapaMeTphl, KOTOPHIE XAPAKTEPU3YIOT HCTOTHHK PEHCBBIX Koneba-
HUi (PeHEpaTOPHYH QYHKIMIO) - 4aCTOTa OCHOBHOTO TOHA, €€ U3MEHEHUE BO
BPEMEHH, MOMEHTB! NOSBICHHUSA U HCUCIHOBCHMA OCHOBHOTO TOHa (coryaco-
BaHHBIE WIIH TOPTAHHbIE 3BYKH), LIyMOBOIO CHrHana (wMrAmAe ¥ CBUCTALIME

3BYKH);
- TapaMeTpbl, KOTOPBIE XapaKTepu3yloT OrnbarolIyro CIeKTpa peueBo-

ro CHrHaa.

B zekoziepe COOTBETCTBEHHO T10 33/IaHHBIM MapaMeTpaM reHepupy-
JOTCS OCHOBHOM TOH, IITyM, @ 3aT€M MPOIYCKAIOTCA Hepe3 rpebeHKy Mmonoco-
BBIX (QUWIBTPOB I BOCCTAHOBJICHMUA ormbatoiel criekTpa peueBoro Curiana.

B napameTpHYeCKnX BOKO/EPaX H3 peuesoro CHTHAJIA BBIZIEJIAI0T
JiBa THIIA NapaMeTpoB;

- TapameTphbl, XapaKTepH3YIOUIHe oruBaronryio creKkTpa peueBoro
curnana (GUILTPOBYIO QYHKIMIO);

- MapameTpHl, XapaKTepH3yIoMHe HCTOTHMAK peueBsix KoneGanui (re-
HEPATOPHYIO (PYHKIMIO), — 4aCTOTa OCHOBHOTO TOHA, ee H3MEHEHHE BO Bpe-
MEHM, MOMEHTbI TOABICHHA W MCYE3HOBEHWT OCHOBHOTO TOHa, LIYMOBOTO
CHrHaja.

Tlo 3THM M&pamMeTpaM Ha NpueMe CHHTE3HpYIOT petb. IMo npHHLAIY
onpeneneHus NapaMeTpoB $bunsTpoBOH (QYHKIMH peuH pasiHiaioT BOKOJZIE-
pet [5...9]:

« mostocHble kananbHble (channel);

* (hOpMAHTHEIE;

* OPTOTOHAJIbHBIE,

« umpesepsl (¢ THHEHHBIM MPECKa3aHHEM pedn);

+ roMomopdHbIe.

B nonocusix 80K00epax CrieKTp pedH AeNuTes Ha 7-20 monoc (xaHa-
7I0B) QHAJIOTOBBIMA WK LUGPOBBIMH nosocoBsiMA QHIBTPaMH. bonbiiee
QHCITO KAHANIOB B BOKOZEPE 1aeT GONBIIYIO HATYpabHOCTE 1 pa3BopuyuBOCTS.
C Kaaoro moiocoBoro (GpuibTpa CHrHal mocTynaer Ha AeTEKTOD H unsTp

HU3KAX 9acTOT ¢ YacToToit cpesa Fp. TaxiM 06pa3oM, CHTHANbL HA BBIXOAE
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K@KIOTO KaHama M3MEHSIOTCS ¢ 4acTOTON MEHee Fp. VIx mepenada BOIMOXK-
Ha B aHAIOTOBOM Wi mudposom BrzeE [S... 10].

B popmanmubix ¢oKooepax ornbaromas CreKkTpa pedyn ONvChBACTCA
KoMOUHanMel GopMaHT (PE30HAHCHBIX YACTOT TOIOCOBOTO Tpakta). OCHOB-
Hble mapameTphl (OPMAHT — LEHTpAIbHAA HAcTOTa, aMIUIATYAa W IOMpHHA
[10J10CBI YaCTOT.

B 0pmozoHanbHbIX 60K0OEPaX orubaromas MTHOBEHHOIO CIEKTpa
packnazpiBaeTcs B pAai 1O BhIGpaHHOM CHCTEME OPTOrOHANBHBIX Ga3ucHBX
dyHKIHHA, BeraucieHHble K03(pQUIHEHTHI ITOrO pasNoKeHUs NepeaoTCs Ha
NpUEMHYIO CTOpOHY. PacnpoCTpaHeHHe MOMydHin rapMOHHYECKHE BOKOZE-
Pbl, HCTIONB3YIOLIHE PasIOKEHNE B PAL Dypse.

Boxodepol ¢ TUHENHbLM NPeICKA3aHueM (LPC — Linear Prediction
Coding), WM JUIpeNepbl, OCHOBAHB HA OPHIHHATBLHOM MaTeMaTH4eCKOM
anmapare. OHM TOMYYWTM Haubonbiiee pacrpoCTpaHEHHE H OynyT HHKe
paccMOTpeHbl Gosiee MoAPOOHO.

Fomomoprnan obpaboTKa MO3BOACT PA3ACIUTH reHepaTopHyo H
dunsTpoByIO ByHKIMH, 0OpasyioHe peqeBoif CUTHAIL.

XapakTepHCTHKH BOKOAEPOB

Cxopocth. Tak Kak BOKOEP COBMECTHO MCHIONB3YeT KaHal CBS3U H
YacTO Meperpy)KeHHYio ceThb MpeAnpustHs WiM HHTEpHET ¢ ApYTMMH HH-
(OpMalHOHHBIMH TIOTOKAaMH, MAaKCHMAJIBHAA CKOpOCTH jgomkHa Obuma 061
6bITh KaK MOXKHO H¥DKE, OCOOEHHO IUifl MPUIIOKEHHH MaJIbIX o¢ucos [2]. B
HacTosmiee Bpems GONBUIMHCTBO BOKOAEPOB paGoTtaioT Ha (PMKCHPOBAHHOH
CKOPOCTH BHE 3aBHCHMOCTH OT XapaKTEpHCTHUK BXOIHOTO CHrHaIa, OJHAKO
LIE/BI0 COBPEMEHHBIX Pa3pabOTOK ABJAIOTCA BOKOIACPHL C rnepeMeHHOH CKO-
poctsio. Jlnia mpuiioxkeHud 1o O/IHOBPEMEHHO}1 mepefaye peud W JaHHBIX
KOMIPOMUCCOM ABJIAETCS CO3/aHHE aITOPUTMOB CHKATHA nay3 B KayecTBe
yacTH CTangapra KoaupopaHud. OOUIMM PEIICHHEM ABIACTCAH HCIONB30Ba-
HHE (PHKCHPOBAHHOM CKOPOCTH JUIA pedd H HU3KOM CKOPOCTH I (pOHOBBIX
nrymoB. Criocof BBIMOMHEHHA MEXaHA3Ma CIKATHA Nay3 Ba)KeH IJI TOBBILIE-
HYS KauecTsa TepeJady pedy, OHAKO YaCTO BEIHIPBII OT KOMIPECCHH N1ay3
ne peannsyercs. [Ipobiemoii ABiAeTCA TO, HTO NpH Gonpiux GOHOBBIX MLIY-
Max CJOXKHO MPOBECTH PA3THUMS MEXIY PEUbio H IYMOM. Jlpyras npoGiemMa
3AKITIOYAETCS B TOM, UTO, €C/IH MEXaHU3M CKaTHs Nay3 HENPABHIBHO BEIABHI
COCTOSIHHE PEdH, HA4allo Pedr MOXKET OBITh «OTPE3aHo», HTO 3HAYMTENIBHO
yXyAmaeT pastopuHBOCTh KOJIMPOBAHHOM peyH.

TIpou3BOAHTE/ILHOCT AJrOpHTMA. Boxoziepsl 4acTOT BBIIOJIHAIOT-
¢ Ha OCHOBE HM(DPOBBIX CHIHAIBHBIX MPOLECCOPOB (LICIT). B coOTBETCTBHH
¢ KOMITBIOTEpHO! TEepMUHONOTHEH uX NPOM3BOJHUTENPHOCTE MOXKET ObITh
V3MepeHa B MWIIHOHAX Orepaiiii B CeKyHIy, obbeMe MaMATH ¢ TTPOHU3BOIIb-
mev poctynom O3V u obseme I3V, [TpoH3BOUTENLHOCTE ONpeaenieT
CTOMMOCTb BOKOAEpA, TIO3TOMY IpH ONpeE/eHHH THIa BOKOAEpa A Tex
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WIK MHBIX TPATOKEHHH paspadoTdHK JOMKeH chenarh nooqwoﬁaw_wﬁmw_
BeiGop. B cydasx Koraa BOKOIEP COBMECTHO MCIIONB3YeT MPOLeccop ¢ Ipy-
TUMHA TIPUAJIOKEHHAMH, paspaboTdauK AOMKEH PemuTh, CKOJIBKO PECypcoB
MOYHO BBIIEJHTH i Boxoaepa. Bokoaepel, ycnons3yiomtye Meree 15 MIH
onepamii/c, CIATAROTCA HH3KOIPOU3BOAHTEIbHBIMH, HCIIOMB3YIOIHE 30 wm
Gosiee MJTH OTIEPALAi/C — BEICOKO MPOM3BOAUTETLHBIMH.

1.5 DomexoycroiyuBOCTD

PaccMOTpUM METOIbl LH(OPOBOTO NpeACTABEHIA PEUH, K KOTOPBIM

OTHOCATCA:
- [pAMOE aHANOTO-UHPPOBOE npeoGpasoanue (WIH HMIYJIECHO-

xonosast Moy stumus, HKM);

- 5 dexTHBHOE KOIMPOBAHHE PEiH, SKP (31€ch MOXKHO BBIIEIATH
Kozepbl (POPMBI, BOKOAEPbI W KOACPHI, peanu3ylolue AIrOpUTMb! AHATH3A
uepe3 CHHTE3).

KpoMe yka3aHHbIX CYINECTBYIOT KOAEPHI € MHOTOTIONOCHBIM KOJH-
POBAHHEM, C OPTOTOHAJIBHEIM ripeoOpa3oBaHueM H C BHUBICHHEM u30BITOY-
HOCTH TpecKa3aHus.

Ipsamoe aHanoro-uijposoe npeo6pasoBanpe FBIACTCA HHU3KO-
3dpexTUBHBIM (T. €. HMEOUM MaIyio CKOPOCTh KOJXMPOBAHHA TPH 3a[aH-
HOM Ka4ecTBE) BBICOKOKAYECTBESHHBIM METOLOM koxnposanus. KoaekH, mo-
cTpoeHHsie Ha 0ase NAHHOr0 METOZ3, paboTaOT Ha CKOPOCTAX HE HHKE
32 x6ut/c. TIps 3TOM TOIOCA BXOJHOTO aHANOTOBOTO CHTHAJIa OrpaHUveHa
muanasosom 0,3 - 3,4 k', i MOBBIICHAS kauecTna Ipeofpasopanyi mo-
oca MoweT OBITh pactumpesa 1o 6 k', 4To COOTBETCTBYET CKOPOCTH TIepe-
jaun 88 KOWT/C MPH HacTOTe JMCKpETH3ALMH 12 k[ (npu HansHEHmeM
ﬁmnE%omEﬁ MOJIOCH] KaYeCTBO ﬂﬁ@hﬁ.ﬂmm.nmmﬂm peun HE ﬂer-Ewo.nnmU.

Ha puc.1.8, rie MpHBEACHDI 0GobmeHHbIe KPHBbIE, XapaKTepH3yto-
[IMe TOMEXOYCTOHUMBOCTE PA.IHIHBIX METON0B nHdpoBOro NPeCTaBIeHHA

peun, kpHBas 1 COOTBETCTEYET HKM-nipecTaB/ieHHIO. 3necs Poml - BEpOAT-
R - OTHOINEHHE CArHAN/IIyM, PACCUHTAHHOE

HOCTh OWIMOKH Ha cuMBOJL, @ SN ;
oKy BOCCTAHOBICHHA. HUEKM-konexu

yepe3 CPENHEKBAJPATHISCKYIO
UMEIOT HAUXYAHE TIOKA3aATEIH [IOMeX0yCTOHYUBOCTH.

Ha pucyHKe MOXKHO yBUAETb, HTO U3 peeX KpUBBIX (XapaKkTepHCTHK
pasHbIX cnoco6oB 1HpPO30ro MpeacTaBIeHHA peuw) cambiii KOPOTKUH OTHO-
cuTensHo apyrax Tunos LITP y4acToK A (HedyBCTBHTENIBHOCTB K OMIHOKaM
B KaHaJie) MMeeT Kpusasd |. Koneku MOTYT OOTEpATh paborocnocobHOCTS,
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5
I@Ke eCH BEPOSTHOCTh OMMOKH paBHa 10 °, 9T0 COOTBETCTBYET Napamer-
pam KaHaia cpeflHero Kuacca.
SNR, nb
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v

2 S A

10°® 10™* 10° 102 Pou

Pricynok 1.8 - O6o0uenHbie KpHBbIe, XapAKTEPH3YIOLIHE NIOMEeX0YyCTOMH-
YHBOCTH PA3IHYHBIX METOAO0B UH(POBOro NPEeACTABIEHHS PeYH:
A - 06macTh HeUyBCTBUTENBHOCTH K omubkeM; B - cnabas 1yBCTBHTSIb-
HocTs; C - moteps paboTocIoco0HOCTH

Cuctemsl ¢ UKM pa6oTatoT TONBKO B 06J1aCTH HEYYBCTBHUTE/BHO-
cTH K omubGKaM B KaHale, HO Oake B 9TOM Cly4a¢ BBONATCA CNELHANLHbBIC
Mephbl U1l YCTPAHEHHUA I0C/eNCTBUY BOSHHKHOBEHMA OJUHOYHBIX OLIHGOK.
Tpn ucrons3oBaruy anropurva MKM co ckopocTsio nepesaun 64 kGur/c
KOIEK UMEeeT MAKCHMAanbHYH0 06/1acTh HEeYyBCTBMTENBHOCTH K OmHEKaM B
KaHaJe NpH BHICOKOM KauyecTBe BOCCTaHOBJeHHA. [105TOMYy HaHHBIH anro-
pUTM peKOMeH/I0BaH s GONbIIKHCTBA CHCTEM UH(POBOH Mepeaaut pedy B
KauecTBe METOMA ITPEIBAPHTENLHON0 aHAIOTo-UHdPoBOro NpeobpasoBanms.

Jlpyroe HanpaBieHHe LM(POBOrO NpeICTABIEHHs pedd, dPdex-
THBHOE KOAUPOBAHHE, HHOI/A, HA3BIBAIOT CHITHEM PEYM.

Panbie, ueM Bce oCTalbHble cniocobbl, A7 3 PeKTHBHOro MU(ppOBOro mpe-
obpasosanua peud GbutH paspaboTaHbl Bokoaepsl. OCHOBBIBAfACh Ha Bbl-
6panHoii Momenu pedeodpasoBaHus, BOKOAEP ¢ MOMOILBIO aIropuT™Ma mepe-
Jlayy aHANM3HPYET NapaMeTpbl PeYeBOro CHrHald, KOTOPBIM MOCTYMAeT Mo
KaHAy CBS3M B NPHEMHHK; IPHEMHBI aJIlOPATM NO3BOJISET MPOBOJANTE CHH-
Te3 curHana. OCUMUIOrpaMMbl HCXOTHOTO H CHHTE3MPOBAHHOTO CHIHANA HE
COBMAMAIOT, M PEYH MOXKET HOCHTb "HCKYCCTBEHHBIHA" XapaKTep.
3HauuTeNbHEIE Pe3ynsTathl B 06macTi 3(G(HeKTHBHOTO KOAUPOBAHUA
peuu JOCTHrHYTH! Ha Gase obuiero 1nogaxoa "KOXMPOBAHUA ¢ MPEACKA3AHH-
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em". Bonblias 9acTh CTaHAAPTH3HPOBAHHBIX MexayHapoaHBIM COH30M
3MEKTPOCBA3M AITOPHTMOB KOAMPOBAHHA OTHOCHTCA HMEHHO K 3TOMY Ha-
TMPaBJIEHHIO.

Cpemu KopepoB (OpMEI CHIHana MEPBHIMH NOSABWIMCE METO/BI
nenbra-Monyasaun (M), AHATHTHYECKH OHH ABJAIOTCA npesebHbIMH
Cly9asiMi PasHOCTHOH HUKM, HO no pAmy NpHYMH MOTYT OBITH BBI/IC/IEHB B
oTnensHbIH Kmace. CKOpOCTh Mepeadn NpH AeNbTa-MOIYIALIMH COOTBETCT-
BYeT 4acTOTe AMCKpETH3alHH (onHOpa3pAnHOe KBaHTOBaHME); MPU CKOPO-
ctax 40-30 x6ut/c IM obecneduBact GoJsiee BHICOKOE Ka4eCcTBO BOCCTAHOB-
nenwst, veM MKM. Kpusas 2 Ha prc.1.8 xapakrepusyeT oMexoycToiuu-
pocth JAM. lenbTa-MOMYAALNA ofJIaaeT HAWTYYIIMMY TlapaMeTpamMH noMe-
XOYCTOMYMBOCTH CPEIM BCEX METOMNO0B xonupopanua. COOTBETCTBYIOIIHE
CHCTeMBI He TepsioT pafoToCnocoOHOCTH NMpH BO3HHKHOBCHHH OJIMHOYHBIX
omuGOK U MX MaKeToB (cepuii) Majloi AMUTENLHOCTH.

Fuie oxuH BUJ KOAEPOB (HOPMBI - METOMbI nuddepeHnmaTbHOM (pas-
wocrHoi) UKM (IUKM). x KIaccHpUKALMOHHBIMH PH3HAKAMH CHUTAIOTCA
HanAuMe 6JI0Ka JIHHEHHOro Mpe/ICKa3aHus aBTOPErpecCHOHHBIX MocJea0Ba-
TenbHOCTelH (TpecKasaTend) W HCTONB30BaHHE MHOTOypoBHeBOTO (60JBIIE
AByX ypoBHeif) kBaHTOBaTelN. BIOK NUHeHHOro TpeAcKa3aHua MOXKET COCTO-
ATH W3 JBYX 4acTeil - JOJrOBPEMEHHOrO H KpAaTKOBPEMEHHOTrO MpesickasaTe-
neii, B kaHaj nepemaeTcs pasHOCTh MCTHHHOIO W MpeIcKa3aHHOrO 3HaYeHHH
cursana (CHrHan-oCcTaToK, OH e - :odumEmoqmw npenckasanus). CHCTEMBI C
JAKM ofecneqnEatoT TaKoe KadecTBO BOCCTAHOBIICHHA CHMIHAIA, KOTOpPOE
COTIOCTABHMO C HpeoCTaB/IAEMbIM VKM, H Ha nopaaok GoJee BBICOKYEO T0-
MmexoycToiuuBocTe. OfHAKO, B OTIHYHE OT cucreM ¢ JIM, oHH TepsioT pabo-
TOCTIOCOOHOCTh TPH BEPOATHOCTH OJMHOYHOH o1rbKH, COCTABNAOMIEN OKOJIO
5 +10”, u mepepaye NaKkeToB OMAOOK Majoit JTHTETBHOCTH.

K noctikeruaM B obnacty OKP MOXHO OTHECTH KOMEPEL, peaiu-
3yIOIHe ANTOPHTME] AHAH34 YEPE3 CHHTES. OHH COXpaHSIOT HOopMy peyeBo-
ro curHana (BO BCAKOM Ciydae, K HUM NpHMCHUMA cpeHeKBapaTHIecKas
Mepa OLEHKH BOCCTAHOBJICHNMS, CKO). B 7THX KoJlepax HCMOJB3YIOTCSA allro-
PHUTMBI CXKATHsA, OCHOBAHHBIC Ha OLCHKE napameTpoB MOZEIH peueobpasoBa-
HUsl, KOTOpBIE MPexke MPHMEHINCH HCKITIOYHTEIBHO B BOKOJIEpax.

Bce onMcaHHBIe METO/BI MPEANoNaraioT nepenaty 60BIIOrO KOMH-
4eCTBA MAPaMETPO3 PEYEBOro CHIHANA W JKBHBAJICHTA cUrHana-ocrarka (uc-
[Ob3YeMOr0 Pa3HOCTHON HUKM), KoTopble KBaHTYIOTCA C pasHOH TOYHO-
crei0. TIpekie OLeHKa Mpu3HaKa TOH/IIYM CYMTANAch OTIHIHTENBHON yep-
TOM BOKOZIEPA, TeNephb K& OHA OCYIICCTBAALTCS 1 B KOJepax aHalH3a 4Yepes
CHHTe3, 9TO CTHpaeT TPaHHIBI MEKAY KOACpaMH dopmsl U BoKojepaMu (10~
3TOMY HX MHOrA@ Ha3plBaloT TONYBOKOAEPaMHM).
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PaboTa KOIEKOB ¢ MHOTOMOAOCHBIM Komuposanmem (MIIK,
SubBand Coder) ocHOBaHa Ha Pa3NHYHON YyBCTBHTEJBHOCTH CIyXa K 3BY-
KaM, NPHHAUIEKAIIUM K Pa3HbIM YacTOTHBIM MONOCAM. 370 1103BOJIAET KO-
IMpPOBATH CHTHAJBL B MONOCAX C Pa3HOM TOYHOCTHIO. Yucno 1Mojaoc MOXKET
xonebarbest ot 3 mo 16.

B Kozepax ¢ OpTOrOHaJbHbIM MpeobpasoBaHHEM (OITA) ckopocTb
Mepe/iaul CHIKAETCS 33 CYeT Ipyboro KBaHTOBAHHA CIEKTPAIbHBIX COCTAB-
NAOMIAX, TIOMYIeHHBIX PA3OKeHHeM B PAJl B KakoM-1nbo baswce.

OcoBeHHOCTHIO TTOMEXOYCTOHYMBOCTH CHCTEM, OCHOBaHHBIX Ha 10~
cnenHuX ABYyX Meromax (puc.l.8, xpusad 3), sBasiercs To, uTo Gnaroxaps
PasHYHON TOYHOCTH KOAMPOBAHKA B T0JIOCAX OTCYTCTBYCT TIOPOTOBBIMN Me-
pexon k o6nacTi HepaboToCMOCOOHOCTH.

Tlossnenne metogos MPE, RELP u CELP cBsi3aHO C COBEPIIEHCTBO-
BaHHeM KOZEpOB (hOPMBI, KOTOPOE GbUIO MPEANPHHATO VIS COXPAHCHHUA Kade-
¢TBA BOCCTAHOBJIEHHOIO PEYEBOro CHTHANA [PH MEHEE BBHICOKHX CKOPOCTAX. B
3THX METOJAX BBIABIAETCA H3OBITOUHOCTh TIOTPEIIHOCTH MPEACKA3aHHA.

B kopepax ¢ JNHHEHHBIM MpelcKasaHHeM M YCEUCHHBIM BO30YK €~
uuem (RELP - Residual Excited Linear Prediction, JIITYB) curHa mnorpeid-
HOCTH OTPAHAYMBAETCS TO YacTOTe M mpopexwusaercs. Koaepsl ¢ MHOTOMM-
nynscHBIM BO36yxaeHuem (MPE - MultiPulse Excitation, JI[IMB) ucnob-
3yl0T BMECTO CHIHANA-OCTATKA HCKYCCTBEHHYIO MOC/e[0BATEIBHOCTE BO3-
Gy)KIeHHA peYeBoro CHrHaja Ha HEKOTOPOM BPEMEHHOM HHTEpBAJC, Iapa-
MeTphI KOTOPOH nepefatoTcs B AEKOAEP. Brifop ¢aspl Tako# nocneaoBa-
TELHOCTH OCYIIECTBIAETCS ¢ TOMOMIBIO MHTEPAKTHBHOH MpPOLEAYPHI MO
KpuTepHIO 6MH30cTH (OPMBI HCXOHOTO M CHHTE3UPOBAHHOIO CHTHAJIOB. Ha
OCHOBE 3TOr0 MeToja pa3paboTaH alrOPHTM KOJEKa CTaHlapTa GSM pmna
MOJBIKHOM CBSA3M, peau3yoLIHii CkopocTs nepeaaqn 13,8 kGHT/C.

B nocnenHee BpeMs GoNblLIyi0 MOMYJAPHOCTE npuolipenn KOAeph
CELP (Code Excited Linear Prediction), pa3HOBHAHOCTAMH KOTOPBIX SBJIA-
jorcs SELP, LD-CELP, V-CELP u A-CELP. 311 BHICOKOA(eKTUBHBIE KO-
fiephl 06eCIIeYHBAIOT OTIIMYHOE KaYeCTBO 3ByKa MPH HU3KHX cxopoctax (2,4-
8 k6uT/c). [ KOXMPOBAHHS IOrPEUTHOCTH NMPE/ICKA3AHNA B HUX HCTIONB3Y=
JOTCH KOJIOBBIE KHWTH, COCTOAIIHE M3 GJIOKOB ¢ KOHEYHBIM 4ACIOM CHMBO-
nos. TlepeuncrieHHble Pa3HOBHAHOCTH KONEPOB pa3iMdaroTCs criocobaMu
¢opMHUpOBaHUA M XPaHSHHA J3THX HocienosarensHocTei. Yaime Bcero mo-
CleIOBATE/LHOCTD XPAHATCA B CKAaTOM BHie. JIOMONHUTEBHLIC OyKBHI B
Haspanuu Kogepa (LD, V H Ap.) yKasbiBaloT HA croco® peanu3aluu npecKa-
3aTeNs, CHHTE3a KBAHTOBATeNs WIH KOJOBOH KHHIU. Kpusas 4 Ha puc.1.8
XapakTepu3yeT MOMEeXOyCTONYMBOCT TAKHX KOLEPOB. 31eck ABHO BHOHBI
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IBE OCHOBHBIE 06/acTH: A COOTBETCTBYeT MomexoycToidusoil pabore (Be-
POATHOCTH OMIUEKH 107), B - pe3koMy yMeHBIIEHHIO IOMEX0YCTOHIHBOCTH.

[TpobseMa CO3MAHMS TOMEXOYCTOMIHMBBIX BBICOKOA(GdEKTHBHBIX
KOJEPOE ABIAETCA, 110 CyTH, 1pobneMol cornacoBaHus CHIHANIA ¢ KaHAJIOM
CBS3H. AHAIU3MPYA TPaIMLUHMOHHBIE MOIXOABI K PEIUSHMIO 3aJayH COraaco-
BaHWA, MOXHO OTMETHTh, YTO MM NPHCYIIM BEChbMa CYIUECTBEHHbIE HENOC-
TaTKA (HampuMep, MpH pa3leneHdH onepauyi >QpQPexkTHEHOro U IOMexo-
YCTOMYHBOTO KOAMPOBAHHA [ OOECTICUeHHs MOMEXOyCTOXUMBOCTH HEOO-
XOJMMa BRICOKAs M30LITOUHOCTh, UTO MPHBOJHT K yXKECTOUEHHIO TpeGoBaHMM
K anropHTMaM CyKaTH),

Ewme opna npoGieMa cBsi3aHa ¢ BBIOODOM MOZENM KaHala CBS3H.
Havfonee "HenpHATHBIMHU' CUHTAIOTCSH KaHAIBI MNOABWXKHOMN TenedoHHH,
XapaKTePHCTHKH KOTOPLIX 3aBHCAT OT HAXOXKIEHHA MOABIDKHOTO OOBEKTa;
npudeM 90 % none3osateneit yTBEPKAAOT, YTO KAUECTBO KaHala OCTOAHHO
MeHsiercst. Taxol kaHanm MOXeT 6BITE ONHCAH C MOMOIIBI0 HEKOTOPOit mepe-
MEHHOM MOJENH, HaNpHMep OCHOBAHHON Ha NEpeMEHHOH BepOATHOCTH
oumbku. DTo BiuseT Ha pa3padoTKy METOAa MOMEeX03allHThI.

CucTtema Mepelaid AHAJOTOBOr0 CHrHala 1o LHDPOBOMY KaHaIy
ABJAETCH ONTHMAIBHOMN, KOrja Kojep HCTOMHHKA 00ecnedHBAeT MaKCHMAalb-
HOE cacaTthe Oe3 moTephk B KadecTse, a UHOPOBOH KaHAT - MAKCHMaJbHYIO
CKOPOCTh Tepellauy Ipl 3aJaHHOl BeposTHOCTH olmnbku. B atom cimy4ae
yMeHplIeHHe M30BITOYHOCTH BXOQHOTO COOOUIEHHA OCYILECTBIAETCS Koze-
pPOM HCTOYHHKA, 8 YMEHbIUeHHe BEPOATHOCTH OIIHOKH - KOJEpOM KaHaia,
O6a ayropurMa paspabaTsiBaroTcs HesaBHcHMO Apyr or npyra. Copeme-
were Metomsl LIITP y6uparor ve Belo M30BITOYHOCTE PEYEBOr0 CHIHANA, TMO-
3TOMY TaKOH MOAXOMN NMpAMeHseTcs M cymecTyomux merogop LIIIP, ko-
raa paspaboTyHK He X09eT W He MOMKET MCIOJb30BaTh 0COOEHHOCTH peye-
BOro CHTHaNa ¥ cmocoba ero mpeobpasoBaHMA UM MOBBLIIEHHSA MOMEXO-
YCTOHUHBOCTH.

B pamkax 5TOro noJxofa HCmoMLb3yHTCs CElHaTM3UPOBAHHEIE ITOMe-
X0YCTOMYMBBIE KOIBI, KOTOphIe Haubonee HdekTHBHbl s anroputmMoB CELP.

1.6 Tubpuyurie meroabl koguposanns PC

Yro6bl H30aBETBCA OT HEJOCTATKOB KOJEPOB (POPMBI M BOKCAEPOB,
Obl1 paspaboTaH THOPWIHBIN METOX KOXMPOBaHMA, O0BENMHMIOLIMIA Tpe-
uMymectsa o6oux Merouos. Ilo Bumy adanusa ruGpuoHbIE KOAEpPH! MOapa3-
JENSIOTCA HA JBA KNacca: ¢ YzCTOTHBIM Pa3/ieleHHeM M BPEMEHHbIM pasjie-
TIEHHEM.

IubpuaHble KOAEPHI ¢ YACTOTHbIM pas6uenuem. [aBHad KOHUEN-
LM KOAUPOBAHHMA C YACTOTHBIM Pa3bHeHUEM COCTOMT B Pa3feNieHHu peyeBo-
ro ¢rerTpa Ha 9acTOTHBIS ITOJIOCHI FUIH KOMITOHeHTbl, COOTBETCTBEHHO MOryT
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ucnons3opathes 6o Habop QuisTpos, mudo Grok-npeobpaszosaresb. [lo-
CNie KOOMPOBAHWA H [EKOJHPOBAHUA ITH COCTABIIOLIME UCIIONB3YIOTCA IS
TOYHOI'O BOCIPOM3BEACHHA MOJENH BXOIHOT) CHrHama ImyTeM CyMMHpOBa-
HHA CHTHAIOB, MONMYYEHHBIX HA BIXOAE (WISTPOB, HIIH MHBEPCHBIX 3HAYE-
HUH, MOJy4eHHBIX nocne npeoOpascBaHMs. I1aBHOS NOMyLIeHHe TPY KOMH-
POBaHMH C¢ JaCTOTHBIM —umumﬁnu.—:n?_ COCTOHT B TOM, YTO CHI'HAJ, MoaBeprae-
MBI KOJHPOBAHHIO, QUEHb MEIJIEHHO H3MEHACTCS BO BPEMEHH M MOXMET
B6BITh ONMHMCAH MTHOBEHHBIM CIIEKTPOM. 3OTO CEA3AHO ¢ TEM, 4YTO B OOJBIIKH-
CTBE CHCTEM, a 0COOEHHO B CHCTEMAX PeamsHOro BPEeMEeHH, B TEKYIH Mo-
MEHT JOCTYMEH TOIbKO KPaTKOBPEMEHHBI cerMeHT BXOZHOTO CHrHana [11].

B cnydae ucrions3opanus HaGopa (puIETPOB HacToTa 0 HHKCHpOBAHA,
TAaK UTO @ =Gy, @ CHTHAN YaCTOTHOro ZoMeHa S, (e/“®) mpenctasiser
co00ii cHrHal Ha BHIXOMIE MOCTOSIHHOIO BO BpPeMEeHH NHWHEHHOTro (unbTpa ¢
HMITYJIbCHOM XapakTepucTHKOM v(ik), BO30Y’KIHAEMOTO MOIYNHPOBAHHBIM
curnanom ilh) e I@eh;

Sple’®0) = v(n) @ [ACh) e~ ieok], (1.4)
rAe v(i) onpenendeT WHPHHY MOJIOCH PeYesoro curHama A(h) BOKPYT LEH-
TPaIbHON YacTOTHl ey, M ABIACTCA WMIYTBCHON XapaKTePUCTHKONW aHANM3H-
pyrouero punpTpa; 3HaK @ o3HAUAET CBEPTKY (pyHKUIHUIA @,

[Ipn ucrons3oBanuy G10Ka, peanusyiero npeobpasosanue Pypre,
BpeMeHHOI uHaexc h Qukcnpyerca Ha 3HaveHVH k. = #o, a Sy, (&'“) npen-
craBnsAeT coboii o6paHOe mpeobpasoBanne Oyphe B3BEIIEHHON NocnenoBa-
TenbHOCTH v(hy — m)A(m):

Spo (9) = F[u(hy — m)A(m)], (1.5)
rae F[-]- npeoGpasosanue Oypse.

3pnech wihy —m) ONpeneNseT OTPE3OK BPEMEHM aHANW3a OTHOCH-
TeJIBHO MOMEHTa BPEMEHH h = ho M BJAeTCA «OKHOM aHAIH3a»

@iy — —m).
YpasHeHue cuHTe3upyoLero #abopa diubTpos
~ 5 3 " = . N
AlR) e (@) a4 (1.6)

MOXeET ObITh MpENCTABJCHO Kak HMHTerpan (WIM CyMMa) KOMIOHEHTOB —
KPaTKOBPEMEHHBIX CIeKTPOB S, (¢/%9R) ¢ Hecymumn qacToTaMut w,.

Jlna cuaTes’a ¢ noMomplo Gioka npeoOpazoBaHus YPaBHEHHE BBITIA-
IHT clenyrommum obpasom:

A = S?”dvi =S o F 7[5y (65°)]. (1.7
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Ero MOXHO  HMHTEpPNpPeTHpOBAaTh  Kak CyMMy  HHBEPCHBIX
npeobpasosanuii Dypbe, NPAMEHEHHBIX K BPEMEHHBIM  CHTHANAM
v(r — h)A(R).

Bokoaephl ¢ MHOTOTIOIOCHBIM BO30YXRIeHHeM MBE (Multi-Band
Excitation) [14]. ITpa cpaBHeHMH ¢ TPAIHLUHMOHHBIMA BOKOACpaMH LPC pmna
ckopocTeit Hivke 4,8 KGUT/C M KoflepaMH ¢ aJanTHBHBIM NMPeACKa3aHHeM AIA
ckopocTeit okono 16 k6ut/c konepst MPLPC 1 CELP (puc.1.8) pator cyume-
CTBEHHOE YJYUlLICHHE KauecTBa pedyd i AuanasoHa ckopocreit 4,8... .. 16
k6uT/c. DTH yIyYeHHs KacaioTCi, B OCHOBHOM, XapaKTepHCTHKH
KBAaHTOBAHMS CUI'HANA BO36YKIEHHS M0C/e yIaaeHHs CTPYKTYPhl OCHOBHOTO
ToHa. [Ipu 3THX YNydIIGHHBIX Criocobax (MPLPC u CELP) B xadecTBe
KpUTepHs OMMOKH WCTIONB3YeTCA B3BSIICHHAS PAsHHIA MENILY HCXOIHOH H
cunTesupoBannolf Bepcusmu peuu. [losromy oTH Croco6s  MOMXKHO
paccMaTpHBaTh Kak THODHIHbE KOLEPhl (POPMbI CHUTHANA, B KOTOPBIX AIA
ONpeNieNicHAs KauecTBa PpedH HCTIONb3yeTCs CXOKECTh HIH 6IIH30CTh
WCXONHOH M CHHTe3MpOBaHHOW peun. OHako Ha ckopocTH 4,8 KOHT/C U
HIDKE OTPAHHYEHMA B TOYHOCTH OTpeNeNeHHs BO3OYXKIEHHA CTaHOBATCH
ONpeNeIAIOLIMMHA, YTO MPHBOAMT K OBICTPOMY YXYMIIEHHIO KayecTBa petu.
CHuwkeHHe KagecTsa peun mpy ucnonszosannn MPLPC u CELP cBssaHo ¢
HETOYHOCTBIO IPEACTABNECHHA TapPMOHMK B BOKAIM3HPOBAHHBIX HacTAX
PedeBoro CIeKTpa, YTo BI3BIBACT O0LICe 3AITYMICHHE PeUH.

B KOZepaX ¢ MHOIMOMOJNOCHBIM BO3OYkICHHEM (MBE) nnsa
NpejcTaBleHUs CHTHANA BO30YXKIEHHS WCIONB3YIOTCA PasHBIC crnocobe!
(puc.1.9). Komepsl peun MBE 3aMeHAIOT GAMHCTBCHHYIO KnaccH(HKALHIO
BOKaJI/HEBOKA KJIACCHIECKHX BOKOAEPOB HA HECKONBKO TAKMX OMpe/eeH il
[0 TAPMOHMYECKWM WHTEpBaJaM B YacTOTHOMH obnmactd. 310 jJgaer
BO3MOXHOCTb TIPEICTABUTE KaXIbIH CerMEHT KaK CMECh BOKana H HEBOKaJA.
TIporece ompefieNeHns CoBNafeHus B konepe MBE Gosiee OPHEHTHPOBAH Ha
BOCTIpHSATHE, I YEro CXOXECTh (JOPMBI CHrHaNA HE BaXKHA. Boobme, koroa
pedb ABNISETCA HEBOKANOM, HCXOMNHBIH U CHHTE3MPOBAHHBIN CErMEHTBI PETH
He IOIDKHBI UMETh HMKAKMX CXO/ICTB BO BpeMeHH obmacTd. Orubaromas peus
MOJET TPeICTaBIAThCA TPAIHLHOHHBIMU METONAMH.

AHanu3 B3BeIIEHHOr0 CEerMeHTa Peud MO 4acToTe MAeNaeTCs MyTEM
BHITIONHEHHsA mpeobGpasosanua Pypbe. Ha kopoTkoM HHTEpBaNe npeobpaszo-
BaHHe Dypbe B3BEMICHHOTO CErMEHTA PeYH MOXHO MMUTHPOBATH Kak Mpo-
nykT mpeobpasosanus ormbatomelt criextpa H(@). crekrpa BO30Y K IeHHA
X(e). Orubatomias crekTpa onucsBaeT popMy ormbaloIel CrieKTpa peyn,
KOTOpas MokeT (bl PACCMOTPEHa Kak CIVIAKEHHbIH BAPHAHT CTIEKTPA HCXOA-
HoM peun. [T03TOMY OH MOXKeET ObITh IPEJICTABICH PA3THIHBIMH crniocobamu.
XoTs TOYHOE NpeACTaBieHre orubatomen peun cTonb xke BaxHo B MBE, xak
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W B IPYTHX Kozepax, Gopma MpecTaBIeHHA orufatomelt ciekTpa He ABJ-
eTcs riasHbM pakTopom B MBE kojepax.
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Pucynok 1.9 - Biok-cxemMa MHOTONOJIOCHOTO Kogepa/nexoaepa

Crektp B036ysxkaeHus B Moneny peds MBE uveeT 01HO [IaBHOE 0T
NMuMe OT TPANUUMOHHBIX MPOCTBIX MOJEINEH, B TPAIHIHOHHEIX BOKOACPAX,
re. B LPE ¥ KaHAJBHBIX BOKOZEP@X, CHEKTp BO30YKACHHS ONMPEAC.ICH 0C-
HOBHOI YACTOTOM &)y M €AMHCTBEHHBIM PEICHHEM BOKaJI/HEBOKAN ,/1JIsl 0C-
ransHOrO crextpa. B kozepax peus MBE cnexTp BO30YKIEHNA Onpeenser-
csi OCHOBHOM UacTOTOM wjp, K Oofnee TOYHEIMH ONPEAENCHWAMH BO-
K2Y/HEBOKAJ OTHOCMTENBHO YacToThl. M3-38 MHOKECTBEHHBIX onpeneneHui
BOKAJ/HEBOKAJ 3Ta MOJIe/b Ha3bIBACTCA MOZIENBIO ¢ MHOTOTOIOCHBIM BO30Y-
KACHHUEM.

AHaJIU3 PeuH JENUTCA Ha JBA OCHOBHBIC 3T4lla. Ha riepBoM — OLEHH-
BAIOTCSA MEPHOJ OCHOBHOTO TOHA M ITapaMeTpLl orufarommeit crekTpa JUis MH-
HAMH3ANMH OIMOKH MEXIy MCXOIHBIM Sy (@) ¥ CHHTE3HPOBAHHRIM CIICK-
tpam Sy (@, cy) TIO KPHTEPHIO MEHIMYMA CpenHeKBaipaTHIHON OMMOKH:
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&= %._Hn_miﬁEu - S(w. Eou_nne. (1.8)

3aTeM B KOKIOHM 4acTOTHOH TI0JIOCE HA OCHOBAHHMH GNHM30CTH MEXIY
UCXOAHBIM M CHHTe3HPOBAHHBIM CIIEKTpaMH MPUHUMAETCA pelleHue — BO-

KaJl/HeBOKAI.
Brok-cxeva anroputma aamisa MBE nokasana Ha puc.1.10.

N@W DUNLTP duneTp

BEPXHUX B HWDKHWX
JacTor yacToT
Y
OueHka
MCXOAHOrO
OCHOBHOrO
TOHa

Y

Dy A .S YTouHEHWe @,
OCHOBHOIMQ [———®

TOHa

v Bokan/
[ Ouewxa | nesorap
Xi Bokana
Y
Boumcrierve | 9333

aMnnuTys v as | Amnnuryaa

CcWrHana

Pucynck 1.10 - Biok-cxema aaroputma ananusa MBE

INapamertpsl peueBoro konepa MBE, koTOpbie HYXKHO OLCHHTb AJA
kaxxaoro (peitma peyus, ABIAIOTCA NEPUOJAMH OCHOBHOIO TOHA, XapaKTepH-
CTHKaMH — BOKaJI/HEBOKA W aMIUIUTYHAaMH FapMOHHK, KOTOPbIe XapaKTepH-
3yIOT OrHOAIOIYIO CIIEKTPA.

MBEV — Multi-Band Excited Vocoder. B MBEV BBOAMTCA BBICO-
K03()(PEKTUBHOE TOHANBHOE MOJEIHPOBAHHE, KOTOPOE MO3BOJIAET KOACPY
CHHTE3UpOBATH PEUb C XOPOIIHM Ka4eCTBOM Jae Ha CKOpoCTH 4,8 K6uT/C.

Brok-cxema MBEV, npencrasnenHas Ha puc.l.11, paGoraer cine-
mytomuM ofpazom. Ha niepBoM 3Tane OlLICHHBAETCA TOHATBHBIH MMEPHOJ pe-
yeBoro (peiiMa ¢ MCIONB30BAHHEM aBTOKOPPE/ALHOHHOr0 METOMa Al HY-
dunsTpoBaHHON peun (dacTora cpesa (uibTpa MPHONMIUTENBHO 1,2 xI'm)
[11...15]. 3aTem peub B3BELIMBAETCA H MOJBEpraeTcs GHICTPOMY npeobpaso-
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panuto Pypee. Llenbio B3BEIIMBAHUA ABIACTCA MOAABICHHE KPACBBIX addex-
TOB npu npeoGpasoBanuu. [py JOMYLIEHNH, 4TO peyb ABJIAETCH MepHOIMHe-
CKOH, CHIeKTp B3BENIEHHOH peuH COMEP)KUT TAPMOHHKM Ha 4acToTaX, KpaT-
HEIX YA4CTOTE OCHOBHOTO TOHA C aMIUTHTYJaMy, orubaromas KOTOphIX HACH-
TudHa orubarouieil i Kozjepa ¢ MMHEHHBIM NPeICKa3aHueM (LPC).
CHHTE3HPOBaHHbIH CIEKTP GOPMUPYETCA C HCIIOIB30BAHNEM aMILIH-
TYZ rapMOHHYECKHX COCTABJIAOMIHX MCXOMIHOM peun U OLEHOYHBIX 3HAYeHUH
4acTOThI TOHA. 3aTeM HCXOJHBIA K CHHTE3HPOBAHHBIH CIIEKTBI CPaBHUBAIOT-
¢f M 9aCcTOTBI, KOTOPBIE MaJ0 OTIMYaIOTCH, PU3HAIOTCA BOKAIM30BaHHBIMH,
TOraa Kak 4acToThl ¢ GONBILON pasHUIleH NPU3HAIOTCA HEBOKAIH30BaHHBIMH,

Kopep

_Wi(h)
HauanbHan oueHKa
ToHa

«QuuncTka» ToHa

ToH
—

RS TS Bokan/
Peuwerne Hesokan

duneTp
— HVHHUX %
7 4acToT

.1L\ vm/ — Bokan/Heaokan
W QW%\ o ) AmnnuTtyas!
4 OueHia rapMOHUK
cnekTpansHeix  ———»
Oexopep [ CwHTes | cocTaBnRAIOWMX

ToH HeBoKanu3osaHHoM =
Bokan/Hesokan peun W BeixogHasn pedb
Amnn ]
YA CuHTes

I

BOKaNM30BaHHOM peYn

Pucynoxk 1.11 - Brok-cxema MBEV

Konep mepepaer criefylomie NapaMeTpbl Al OMHCAHHA CErMCHTA
BXOJIHOTO PE4€BOr0 CHrHANA!

1) TonasbHBII mepuo ppeiima. Tlocse OLEHKH TOHA ¢ HCMO/IB30BAHH-
eM aBTOKOPPENIALHORHON (GyHKLIH TOH BO (peiive MOXKET ObITh «OUHILEH);

2) aMIUTHTYABI TAPMOHHK. 3HAYEHHs HEBOKANM3OBAHHBIX COCTABIIAO-
IMX MPeCTABASIOTCSA CPeJHeKBaIPaTHIECKHM 3HAUCHHEM UIyMa B OKPECTHO-
CTH Kakmolf rapMOHMKM B TOJAManasoHe. Bokaju3oBaHHbIE COCTABJIAIOUINE
Tpe/ICTARNE b AMILTHTY laMH FaPMOHHK MpeofpasoBaHHOMN pedu;

3) dnar BokaJ/HeBOKaJL.

Tnst xaxaoro ¢peiivMa penienne NPUHUMACTCA C MCTICJIBE30BAHHEM ON-
HOM MM HECKONBKHX TapMOHHK B KaXJIOM YACTOTHOM MOJMana3oHe. Eciu
NPUCYTCTBYIOT TAPMOHMKH Ha 4acToTax Gonee 3,4 k', OHW NMPUHHMAIOTCA
HEBOKAJIH30BAHHBIMH.
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B jexofiepe BOKAIMZ0BAHHBIE COCTAB/IAIOMINE CTICKTPA BOCCTAHAB/IH~
BAIOTCH & MCTIONB30BAHHEM COOTHOWICHIA
A, = Th, Aycosthay + @) h =0.1.....H, 1.9
TAe A, wp W @ — AMIUTATY 3, H3CTOTA H ¢aza rapMOHHKU HOMEP | COOTBET-
crBenno; H — pasmep dpeiva. Hudopmauys o pase Ha HU3KHX CKOPOCTAX
MPe/ICKA3LIBACTCA U3 TEKyIeH ¥ MPebIAYHX TOHATBHBIX yactoT (y rapmo-
HuK (aza moymkHa ObITH TAKOMH, 1TOOB! BCE TAPMOHUKH cymmupoBanuce). He-
BOKA/TM30BAHHBIE COCTABNAIOIINE CIEKTPa HaXOHSTCH C HCMONE30BAHMEM
COOTHOUIEHHSA

Ay = T, U (PIaPTE, (1.10)

rae U, (f) — HeBOKaIH30BAHHAI CIEKTP, ofpasoBaHHEIA CTygaiiHBIM LIy~
MOM, HOPMAJIM30BAHHBIM 3 COOTBETCTBUE C SHEPTHAMU HEBOKaJIM30BaHHBIX
rapMOHHYECKHMX COCTABJIAIONIMX, B TO BPEMS Kak BOKAJIH3OBAHHBIC rapMOHH-
qeckye COCTABIAIOMKE MPHHAMAOTCS 3a Hynb. Jing cHHTesa BBIXO/(HOM pedn
BOKAIH30OBAHHBIE H HEBOKAJIH30BAHHbIE YACTH ClIararoTes 010K 3a GrokoM.
TpuMeHeHHe aIr0PUTMOB KOAHPOBAHMS PeteBbIX CHTHAJIOB

B mepByI0 0Yepeh BeoGXOIUMO NOHATD, KaKHMH KPUTCPHAMH HYXHO
PYKOBOICTBOBATBCS TP BBIGOPE «XOpOWIeroy Koaeka AA HCTIONE30BAHMSA B
IP-TenedoHum, s

Vicrons30BaHue TOMOCH MPOIMYCKARMA kKaHana., CKOpocTh mepeaty,
KOTOPYIO MpPedyCMATPHBAIOT MMEIOMMECs CETOMHA y3KOTIONOCHBI® KOJEeKH,
nexur B npegenax 1.2-64 kowr/c. BcTecTBEeHHO, 4TO OT 3TOrO IlapameTpa
TPAMO 3aBHCHUT KauecTBO socrpou3eouMoi pedr. CymecTByeT MHOXKSCTBO
MOAXoNoB K mpo6ieMe onpeieneHus Ka4ecTba. Haubosnee MHPOKO HCMONb-
3yeMBI TIOAXO ONEPHpYET OLSHKON MOS (Mean Opinion Score), koTopas
onpeaenseTcs ANA KOHKDETHOIO KOJCKA KaK CPeIHsi OllEHKA KavuecTna
GoNBIION TpYNNoH CymaTenel mo nsaruGantsHoM mkane. s MpoCHymiH-
BaHMsl 3KCIEpPTaM TPEeIbsBIAIOTCA PasHbIE 3BYKOBBIC dparmeHTsl - pevb,
My3bIKa, pedb Ha QoHe pasTHiHOro myma n T.A. OLeHKH HHTePIpeTHPYIOT
CeMyIoNuM 06pasoM:

e 4 - 5 - BHICOKO® KAauecTB0; AHAJIOTHYHC KaueCTBY NEpPeatia petH B
ISDN wuii# enie BBIIIE,

¢ 3.5 — 4 - kauecTBo THOII (toll quality); aHANOTHYHO KaYeCTBY PetH,
riepefaBaeMoif ¢ TOMOIIBIO KOASKaA AJTVKM npu ckopoctu 32 xbur/c. Taxoe
kauecTBO OOBIYHO ObecrneurBacTCA B GOMBUIMHCTBE tenedOHHBIX Pa3roBO-
poB. MoGHIIBHBIE CeTH 00eCTIEUHBAIOT KadeCTBO 9yTh umxe toll quality;
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» 3 - 3.5 - KauecTBO peUH TMO-TIpeKHEMY yIOBIETBOPHTENBHO, ONHAKO
ero yxymueHnue sBHO 3aMeTHO Ha CIIyX;

«2.5 - 3 - peus pa3bopuuBa, OIHAKO Tpe6yeT KOHICHTPALHMH BHUMA-
ppsl AU IOHAMAHHA. Takoe KauecTBO OOBITHC obecmeunBaeTca B cUCTEMAX
cBA3M CTIENHATBHOTO TPUMEHEHHA (HampuMep, B BOOPYXKEHHBIX cHIIax). .

B pamkax CyIIeCTBYIOIHX TEeXHONOrHif KauecTBO T¢OII (toll quality)
HeBO3MOKHO ofecrneurTh IpH CKOPOCTAX MEHEE 3 k6ut/c. ITomasyieHne Ie-

pHOJIOB MOTYAHHA (VAD, CNG, DTX). [pu auanore OAHH €ro yUaCTHHK
% BpeMeHH. TaKkuM o6pa3oM, ecii TpiMe-

FOBOPHT B CPE/IHEM TOIBKO 35
ONAIOT YMEHBUIHTE 00BEM undopmaLy,

HUTh AIrOPHTMEI, KOTOpBIE NO3B
nepe/iaBagMoii B MEPHOALI MOJTUAHES, TO MOXKIO 3HAYATENBHO Cy3HTD Heod-

XOJMMYIO MOJIOCY MPOTyCKAHHMA. B JBYCTOPOHHEM pasroBope Takue MEpBI
[103BOJIIOT AOCTHYb COKpamlCHUA oFbeMa nepenapaemoit HpopMaLH 110
50 %, a B JEUEHTPAIN30BAHHBIX MHOFOaIpeCHbIX KOH(EPeHUMAX (3a cuer
GonpInero KOJMHUECTBa roBopAWHX) - U OorEe. Her HMKaKoro cMmblcia opra-
HU30BBIBaTH MHOI'0aIPECHBIC KOH()ePEHLMHA ¢ IUCIOM yJacTHAKOB foneine
5-6, He TIOJABJIAS NEPHOMbL MOTYAHMSL.

HyXHO OTMETHTb, 4TO OTpe/IeNieHNe TPARKLL Nay3 B PetH oueHb Cy-
[IECTBEHHO VLA > heKTHBHOM CHHXPOHH3aLUH nepeaalomen u npAeMHOM
CTOpOH: MPHEMHHK MOXET, He3HAYHTENBHO H3MEHAA TMTENbHOCTH nays,
NPON3BOAUTH MOICTPOHKY CKOPOCTH BOCTIPOM3BENCHHA LA KakJoro or-
JeNbHOTO ceaHca CBA3M, 4TO JCKUTIONAeT HECOXOTHMOCTh CHHXPOHH3ALHH
TAKTOBBIX [€HEPATOPOB BCEX HJIEMEHTOB CeTH, KaK 3T0 HMeeT MecTO B T¢OIL

1.7 Meroauxa penEITARMi

3amHch TECTOBBIX pedeBbIX CHIHAJIOB

B KatuecTBe Pe4eBoro Marepuaia WCTIONE3YIOTCS CJIOTOBBIE APTHKYILA-
MoHHEe TaOMHIBI U TECTOBBIE ¢passi, IPUBEJISHABIC B TOCT P 50840-95.
Peuepoii MaTepHAN HAUUTHIBACTCA 10 pasnAuHEIMH IAKTOPAMH.

3amich PC OCYECTBIAETCA B crieUHaTLHOM NOMEIICHAN KaOUHETHO-
ro tana (¢ pasmepamu 5,7%2,9%¥3 M ¥ BPEMEHEM pesepbepaliiu OKOMIO 350
MC) TIpH HATA9HH ecTeCTBEHHOr0 (JOHOBOTO HIyMa cnaboro ypoBHA. .

JUist 3amucH HCTIOMB3YETCH Euoeonomommﬁ.m!m aukrodon Olimpus
LS-10 (Linear PCM recorder), ofecrnedMBatOLLAi poamonsOCTS 3amuck PC B
dopmare WAV ¢ mapameTpaMi: qacToTa AECKpeTHanmy 44,1 k1, paspsai-
HOCTH KBAHTOBAHMA 16 GUT, THI KOAMPOBAHHA UKM, maxTodoH ycTaEaBIH-
paetcsi Ha paccTosRuH 0,5 M nepeit JMKTOPOM Ha YPOBHE JTHUA.
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Onucanie cxeMbI I0Ty4eHHsl 00BeKTHBHOH OUEHKH KA4eCTBa peun

3anmucannblit Ha nukrodon PC moctynaer Ha nonocoBoi Gpunetp 1D
¢ nojocamu nponyckauus 0,1-3,4 xI'y; 0,1-5,0 xI'; 0,1-7,0 xI'n 1 0,1-8,0
k'l ¥ majee kodBepTHpYETCS mporpaMmHbM korBepTopoMm ITK ¢ YacToramu
mackpetnzamnn 8000, 11025, 16000 u 22050 I'u cOOTBETCTBEHHO, @ TaKKe
pa3pAQHOCTAMH KBaHTOBaHuA 8 1 16 Out.

Chopmupoannsie B 6noke popmuposanus nomexu bOIT mupokono-
JIOCHBIE ¥ HH3KOYACTOTHBIE, KBa3WCTALIHOHAPHBIE M HECTALMOHAPHEIE TTOME-
XM nporpaMmuc cymmupytotesa ¢ PC (¢ Boixoaa BAO), u monyueHHas aniu-
THBHAA cMech Roctynaet Ha Bxoa 61oxa KOIEP PC. B 6nokax KOJEP PC
u JEKOJEP PC npoucxoauT KoaupoBaHue u nekonuposanue PC B coot-
BETCTBHM € MPHHATHIME [0 MEXKITYHAPOAHBIM CTaHJAPTaM KOACKaMH.

Jlexopuposanusiit PC nocre 61oka BoccraHoBneHna may3 BBII mo-
CTYNaeT Ha aKyCTHYECKHe KOJOHKH, a Taxke B 010K OOBEKTHBHON OLEHKH
kauectsa BOOK, rze B 3aBHCEMOCTH OT nosioxkeHus kmnoda K: «1» — Berxon-
HBIMH JaHHBIMM ABJIAeTCs 0OBEKTHBHAS oLeHKa kayecTBa PC, BRmoUaromas
OLIEHKH CJIOroBO¥M pa3fopYMBOCTH M y3HABAEMOCTH NeKoaupoBaHHOro PC,
HpH HaMIHK T2cToBOro PC; «2» — BEIXOIHBIMH JTAHHBIMH ABIAETCH o00bek-
THBHaA OLEHKA CIIOroBoii pastopuusocti gekoguporanHoro PC npu orcyT-
ctBHH TectoBoro PC. B 6ioxke BOOK npu nenoxenun kmoua K «1» ocyme-
CTBIISIETCS TIpefiBapuTeNbHas 00paboTka CHTHANA: BEIPABHMBAHUE TIO YPOBHIO
M BPEMEHH HCXOJHOro M HekoauposanHoro PC, cryxoBoe npeoGpasoBaHue,
MMHTHpYFOLIEE 0COBEHHOCTH 4enoBeueckoro yxa. ITpu momoxernun Kimoya K
«2» ocymIecTBILIETCA TOIBKO CIYyX0BOE IpeobpaszoBaHue.

Brnok ynpasnenus BY ocymecTsnser BoiO0p pexuma paboTsl 610K0B
II®, TIK, BCY/, K, BAO, BI1®, KOIEP PC u JEKOJEP PC.

@opMHpOBaHHE HCKAYKEHHI peuyeBOro CHrHaja M aJAHTHBHBIX
noMex

B kadecTBe WIMPOKOTONOCHON CTALMOHAPHON aJIHTHBHON TOMEXH
HCMOMB3YIOTCA peanusalnu 6esoro rayccobekoro myma (BIIL), renepupye-
MbI€e mporpamMmuo B nakete Matlab. MHTerpaisHbie OTHOMEHHA CHIHAT-LIYM
(OCII) B anmuruBHON cMech PCu momexu coctasisroT 20, 10 u 0 nB. B ka-
YecTBE HH3KOYACTOTHOHW KBAa3WUCTALMOHApDHOH MOMEXH HCIOJB3YeTes
rayccoBekuii myM, orpanmuennsii B monoce (0,3-1) k' 1 (0,1-1,0) kI,
Momexa nosmydena Ha eixone KUX-gunprpa, AUX KOTOPOro UMEET HaK/IOH
9 1B/OKTaBy B CTOPOHY BHICOKHMX 4acToT. B KauecTBe HECTAUHOHAPHOMN 1M~
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POKOTIONIOCHOH TOMeXH MCTIONB3YeTCs aKyCTHYECKas 3aNHCh MPOU3BONIBLHOIO
(pparMeHTa My3bIKH C ITMTENBHOCTDIO, COOTBETCTBYIOMIEH TNTEIbHOCTH
rectosoro PC, u ¢ monocoit wactor (0,3-3,4) k['n wiw (0,1-8,0) x['u. B xaue-
CcTBE HECTALMOHAPHON HH3KOUACTOTHON TIOMEXH HCTIONB3YeTCA aKycTHieckas
3anMch TPAHCIIOPTHOrO MOTOKA € JMTENBLHOCTHIO, COOTBETCTBYIOIIEH AJH-
tenpHOCTH TecToBoro PC, ¥ ¢ MoJIoCoif 9acToT (0,3-1) k' 1 (0,1-1,0) kI,

KoaupoBaHHe pe4eBoro CHrHaja

KoaupoBaHUe OCYIIECTBIAETCS ¢ TOMOLIBIO CTAaHAAPTH30BAHHBIX 3BYKO-
BBIX M PEYEBBIX KOJEKOB (TIapaMEeTpHIECKHe, TICUXOAKYCTHYECKHE M C KOAUpPO-
BanHeM (OpMBI BOJTHBI CHTHAJIA) CO CKOPOCTBIO NOTOKA OT 0,8 no 64 xbut/c.

Cy6bexTHBHAs OlLIEHKa KauecTBa peyH

[TomydeRne CpeHnX cyObeKTHBHEIX OLEHOK KaueCTBa 3gyqanus PC
110 TIOKA3aTeNIAM CJIOTOBOH pa36oOpIHBOCTH ¥ Y3HABAEMOCTH JXUKTOPA IPOBO-
nutes cornaco M'OCT P50840-95. B HUP yqacTBoBay 10 quxTopos u 10

ayIUTOPOB TPH TECTHPOBAHHH KAK/OTO KOACKA.
Pe3yneTaThl 3aHOCATCA B IPOTOKOL, npuBeneHHbIl B Tabmuue 1.2.

Ta6auua 1.2 — IpoTokos, cofepKaului pe3yabTaThl H3MepeHHH

TaGnuua Ne Hara:
Jiukrop: AYIHTOPHI:

VeoBus MpOBEACHHUS HCTIBITAHKA!

Konep:

Hckaxenns: AO ab; CUll I

ITomexa: z

Juanazon/3HayeHne NoMexu: >

Homep 3anucu

PasbopuuBocTh

V3HaBaeMoCTb
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2. NMPAKTHYECKASA YACTH
Huctpykips k rporpamse « VOCdemon.

Otkpeits aporpammy « VOCdemo.exen.

B none «Vocodery BeiGpath uccneayeMsiil KOIEK.

B none «/npuiy HaxaTh Ha 3HAYOK MAIKH U B OTKPBIBIIEM-
¢ OKHe BhIOpaTh BxoHOH daiin:

nanka "B kogek", mance OTKpPBITH NANKy «CHrHAM» (WIH «NPOM3-
BOAHAS)), 3aTeM IIaNKY «MCCJeIyeMOoro Lymay, 3aTeM TankKy «Hc-
¢JIeflyeMoro ypoBHsi» U, HAKOHeL, HecaexyeMbli daii.

4, B none «Ouiputy HaXaTh HA 3HAYOK MANKH H B OTKPLIB-
iIeMcs okHe BeiGpaTh marmky "OT kofgeka", nanee Manky «CHrHAM ,
3aTeM MalKy ¢ Ha3BAHKEM HCC/eyeMoro KoIeKa, 3aTeM IanKy «Hc-
CIeAyeMOoro LIymay, 3aTeM Manky «HccjieayemMoro yposHay». B none

«Vima daiinay HeoOXOXHMO BBECTH TOT JKe HOMEp, YTO H Y BXOJHOIO
(paiina.

S JHanee HeoOX0QUMO HAXATh HA KHOMKY € KPacHBIM KPYTOM
B Ti0J1e «Ouiput» ¥ TEM CaMbiM 3aITHCATh BRIXOAHOMN (akin.

ITono6HbIe onepanyu HeoBXOAUMO TIpQIeNaTh O BceMH (alinaMu H3

nanku «B kogex» 4epes BeS KOJ8KH.

(IS 'S e

Ipumeuanue

Heobxomumo, ytoler mytn B mone «lnputy u «Oulputy CTPOTO COOT-
BETCTBOBAIH APYT APYry.

Hanpumep:

ITyTe B roste « Inputy:

Brodex\cuenan\cuecnan+deucamens\005\ ! -s-InK. wav

Torga myTs B n1os1e « Quiputy JOIKEH OBITH:

Om  xodexalcucran\ wucenedyemwisi kooex (wanpumep: itu G
726 _24)\cuenan+deuzamens\005\1

2.1 Hsmepenue pazbopuHBOCTH PEYH APTHKYISLHOHHBLIM METOJOM

1. HMsmepenns nposogur Gpuraja onepatopoB B COCTaBe KOTOPOMH
JO/DKHO OBITH HE MEHEe TPeX OHKTOPOB (ABYX MYXYHH W OXHOH KEHIIH-
HBI) M TPeX ayAuTopoB. CocTaB Gpurajsl ayAMTOPOB NPOM3BOJBLHBIH. Ay-
IATOPhl MOTYT OBITh DMKTOPZMH, TPOLIENMIMMH CHEUHATBHOE 00y4eHHe
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(TpeHHpOBKY) TyTeM NPOCIYLIMBAHIA HA TONOBHLIX tenedoHAX CIOrOBBHIX
apTHKY-IAUBOHHbIX TaOIHLL.

2. Bpuraay oneparopoB PEKOMEHIYeTCs o0y4aTte B /[Ba 3TaI1d.

3. Ha mepsoMm 3Tane oGyyeHHs ONepaTopsl SHAKOMATCA €O CTPYKTY-
poif pedeBoro MaTepyasa, 0CBAMBAIOT TEXHUIY ero NMpOH3HONMIEHNAS, a TAKKe
ANAnTHPYIOTCA K BOCHPHATHIO pe4, HMCKAKEHHOH B HMCIBITYEMOM TPaxTe
(annapaType) B COOTBETCTBYIOMIMX alyCTHYECKHX yCTOBHAX.

4. UreHHe CJIOTOB OCYIIECTBIACTCA JHMKTOPOM POBHBIM TOJIOCOM,
yeTKo, HO 6e3 MOTYEPKHBAHHA OTHEIBHBIX 3BYKOB C MOCTOAHHBIM YPOBHEM
pedH, KOTOPbIH KOHTPOIMpPYETCH IIyMOMEPOM HA ucneITaTeNbHOM (paze
«He BUIaH MBI TAKOTO HEBOAAY.

CI0TH ¢IIeIyeT YUTaTh B CIIeTYIOMEM PUTME: 1cnors(3+0,3)c.

5. JIMKTOp HOJDKEH BBIAEPXHBATH MOCTOAHHBIM PUTM PEYH HA Mpo-
TAKEHIH YTSHHUs Beell Tabnuis!.

6. AyHMTOp 3aIHCHIBAST NPUHATHIE CITOTH B Hnask, popMa KOTOPOTO
npusezieHa Ha puc.2.1.

Ta6nuua Ne Hara
Juxrop:
Tun Tpakr
Ayautop
YposeHs Iryma, ib

Yrerue TaGmUuUB! CIOroB: (B CTONOMK, B CTPOUKY)

1 11 21 31 41
2 12 22 32 42
3 13 23 33 43
4 14 24 34 44
5 15 25 35 45
6 16 26 36 46
7 17 27 37 47
8 18 28 38 48
9 19 29 39 49
10 20 30 40 50

PucyHok 2.1 - @opma G1aHKa [/ist 3a1HCH CJ10T0B

Eciii ay[TOp He TIOHA/ NepeaHHoro cora, O MpOYepKUBACT COO0T-
BETCTBYIOILLYIO POHYMEPOBAHHYIO CTPOKY B frraHKe TPHHATHIX CIIOTOE.
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Ha BTOpOM 2Tane TPEeHHPOBKH MPOBOJMTCA LMK H3MEPEHHI TpH HC-
TI0IB30BAHUH MCIBITYEMOTO TPAKTA.

Llukn M3MepeHult BKIKOYaeT B ce0A NMpHeM BCEMH ayAMTOpaMH OT
BCEX MKTOPOB 110 5+ k Tabmun, rae k = 1,2,3... [larepku 1abiui, JOJDKHBL
umetbh HoMepa 1-5,6-10,11-15 u T.4. Micronp30BaHKe MPH H3MEPEHHH HE-
MONHOM TATepkH He pomyckaercs. Crorossie TabNHMIIbI ¢ OAMHAKOBBLIMU HO-
MepaMH [0JDKHB! HCTIONb30BaThCA HE Yallle 0IHOTO pasa B HEACIIIO.

JU1s K@XKI0TO M3MEpEHUA BHIYHCIIAETCS CpeaHee 3HaueHue pasbopyn-
soctH (S) o hopmye:

s==3,5, @.1)

rae S; - pesy/bTaT H3MepeHus, % (AMKTop - Tabinua - ayauTop); N - 9ucnio
u3Mepenuil. BeMUCIIOT CpeiHeKBaAPaTHYHOE OTKIOHEHHE (CKO) no dop-

Myie:
N
__ b= 5]
E=—"% - (2.2)

PesynsTarel  M3MepeHuil, A  KOTOPBIX [5;-51>26 wm
[S;— 5] => 2R, uckmovaloTCs H MPOU3BOAMTCA BBIYHCICHHE HOBOTO CPe-
Hero 3HayeHus rio Gopmyne:

»
II:T»
5= TGS, ne
roe §; - pesy/b1aT u3mepenus, % (muKTop - Tabauua - aynutop); N - 9ucio
W3Mepenuit; K - 4MCIO MCKTIOUEHHBIX HW3MepeHni. TPeHHPOBKY CYHTArOT
3aKOHYEHHOH MpH AOCTH)KEHHH Opurafnol CTaGHIBHBIX PE3YJIBTATOB H3Me-
peHus pa3bopurBocTH (IOBTOPAEMOCTH 3HAYeHUH cpelHeH pazbopUHBOCTH
no 6puraze B Te1eHue 2-3 aHek).

AyIMTCPBI, pe3y/IbTaThl KOTOPbIX HMEIOT CHCTEeMaTHIECKOe OTKIIO-
HEHHe OT CpelHHUX 3HaYeHuH no Opurage Gosee 4em Ha BEIMUHHBI, yKa3aH-
Hble B TabMmIE 2.1, OIeKAaT 3aMeHe Wi HCKITIOUeHUI0 U3 Gpuraipl.

Ta6auua 2.1 - MakcuMaibHO AONYCTHMOE OTK/I0HEHHE 0T CpeHero
3HaveHus no 6purane

Cpennee 3Ha4eHHE pa30OPIHBOCTH
no Gpurane

91 u Gonee 5
86-90
81-85
71-80

70 1 MeHee

OTKJIOHEHHE OT CPE/IHEero 3HaueHHA

olw|a|o

34

Bpems paboThl Gpura/bl A0IKHO GuiTh He Gonee 4 yacoB 3a OIHH

nexs. Tlocne npueMa MiTH rabuun aeaetca nepepbis 5-10 MHHYT. O6miee

qucno TabJIHIL 32 OJHO W3IMEpEHHE 110 40.

[Ipu paGoTe B aKyCTHUCCKHX LIyMax Gpuraja MPUCTYNAeT K H3MEpe-
yusiv cryctst 5-10 MHHYT focne npe0biBaHksA B YCIOBHAX UIyMa. O61ee
qucno Tabmul - 30 (MpH ypoBHE 1IyMa 80-100 xb) u 20 (mpu ypoBHE HIyMa
Gonee 100 mB). CymiecTByIOT CJICAYIOUIAE Kacchl KauecTsa pevH, MpHBe-
jesHble B Tabnuue 2.2.

OnbiThl, MPOBEIEHHbIC M0 OLCHKE npenebHOl pastopIHBOCTH [71,
[oKa3ayy, 4To TOJHAA MOTepA CBA3M cootseTcTByeT D < 60 %, C ApyTo#
CTOPOHBI, YAOBNETBOPHTE/IbHAA pa36opauBOCTH (pas UMELT MECTO npu D >

<75 %. VuuTHIBas 370, MPHMEM 33 BETHIHHY npezensHOH pasdopuHuBOCTH

Jmin = 70 %, uto cootBeTcTByeT D = 77 % u S = 46 %. B 0c000 TAKEIBIX

yCIoBHAX PaboTHl (oueHb BBICOKHH YpPOBEHDL UIyMOB) MOKHO JOITYCTHTB

ymensmenne D g0 70 % (cpenuee 3HaueHHE PasOOPUMBOCTH IV knacca), npu
yroM peds pa3bupaeTcs ¢ TPY/IOM, nepesata HIeT ¢ TIepecnpocamMi H TIOBTO-

pEeHUAMH.

Ta6nauua 2.2 - Knaccsl KayecTsa pedy

ApTukyssuus, %

Knacc
xave- | XapakTepHCTHKA KJacca KaiecTsa Ciioro-
CTBa 3sykoBas| ~ .o CrnoBHas
[ TMounManue nepeiaBaemoii peun 6e3 Bonee 90 Boree | o oo 08
Maneifinero HanpsyKeHus BHUMaHHA 90
5 TToHMMaHue MepeaBaeMoi pedn: 6e3 Cp.85- |Cs.80| CB.94 -
3aTpyAHEHUH 90 - 90 98
[MouuManue TepesaBaeMoi peu © | ~ 7¢ _ | Cp. 68 | Cb. 89 -
3 HANpsUKeHHEM BHUMAHHA Hes mepe-
85 - 80 94
CITPOCOB K MOBTOPEHHMI
TToHMMAHKe TepefaBaeMoli pedu ¢ | ~o oq _ (Cp, 20-| Cs. 70 -
4 GOMBIIMM HaNpshKeHHeM BHUMAHHA C 78 68 89
[IepecpoCaMy 1 NIOBTOPEHHAMH
5 Hepa360pauBOCTb CBA3HOTO TEKCTA, 60 u 204 70 u
CpBIB CBA3H MeHee | MeHee | MeHee




HHTepeCHO OTMETWTh, U0 MPH HH3KHX 3HATCHHIX CJIOTOBOM apTHKY-
JALHK apTHKY/AuMa Gpa3 MeHEDIe apTHKYJIAIHH CIIOB. D10 BHOJNHE 3aKOHO-
MepHO, TaK Kax MpH MIOXOH CIBUIAMOCTH dpasa CTRHOBMTCA TIOHATHOM
Wb TIPY TIPABHJIBHOM TPHEME OIPEEieHHOro MHHUMYMa KJIFOUEBBIX CJIOB.

2.2 W3mepenne Ka4uecTBa pedH MeTOA0M OLCHKH
10 CeJIeKTHBHEIM NPH3IHAKAM

1. U3smepenus npoBoAMT GpHraja B COCTaBe, YKa3aHHOM B 21,8,
MyTeM JIPOCITYIIHBAHHA ayAHTOpaMH ¢pas, MpoIEAMHX Yepe3 KOHTPOIb-
Hblif ¥ MCTIBITYEMBIH TPAKThl (arimaparypy).

Ppa3bl A1l NPOCIYLIMBAHKA NEPEIAOT C uHTepBatoM 2—3 ¢. Uncno
NpoCITyInMBaHKUH KX 0K (pazel HEOTPAHUHEHHO.

2. AymuTOphl MPOBOSIT CPABHEHNE 3BYHAHHA (bpa3si, MpOMIEAIIEH
yepe3 KOHTPOJIBHBIA TPAKT, H (passl, mpomIeel qepes HCTILITYEMBIH TpakT
(anmapatypy), ¥ ONPEAENSIOT HATHIHE CIEIYIOUHX CeJIeKTHBHBIX MPU3HA~
KOB HCKaKEHMA B 3BYUaHMU PEYH OTHOCHTENIBHO KOHTPOJIBHOTO TPAKTa:

— KapTaBOCTBh;

— IIAKCHBOCTE |

— THYCABOCTb;

— MeXaHu4ecKHH ro1oc;
— npebesxanue, XpUIi;
— TIOMEXa B Mays3ax pedH.

TatGauua 2.3 - OuenKa CTeN¢HH HCKAKEH s

CrereHb HCKaKeHHs MPU3EaKa Hopwma, 6ann
OTtcyTeTBYET 0
TIpucyTcTBYET (PEKO BCTpeUaeTCA) 1
Bhipa)keH CHIIBHO (MPHCYTCTEYET M0~ 2
CTOSHHO)

O1eHKY CTENeHH HCKSHHA MPH3HAKOB (B Gawiax) B royoce Kaxmao-
ro AHKTOPa OCYIIECTRIIIOT B COOTBETCTBUM C Tabnaueit 2.3.
OlleHKy MPOCTaBISHOT B GIIAHKE, dopma KOTOpPOro MpHBEJEHA Ha puc.2.2.
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Jlata Twun TpakTa _

AypuTop Vposerb myma, Ab _

. HaumeHOBaHHE Juxtop | JuKTOp JIEKTOP JuxTop
IT

pu3HAKA Nel Ne2 Ne 3 Ne 5

KapTaBocTh

[CuycaBOCTh
I|||||||n
TL1akCcHBOCTh
MexaHu4eCKuR

rojioc
JTpebe3iKaHue,

Xpur

Tomexa

3. Tlo NAaHHBIM U3MEPEHHH BBIMMCIAIOT cpefHee 3HAYEHHME X cre-
[TeHU HCKANEHHS KakKA0T0 U3 UIeCTH CeeKTHBHBIX TIPU3HAKOB 110 opMye

PucyHoxk 2.2 — baank anst npOCTABIEHHS OLIEHOK

Ly
==W. % 2.4)

rae Xi — pesysbTaT eAHHUIHOTO H3MCPEHHA (ayauTOp — HHKTOD);

z —_— ﬂ—&ﬂho ‘_.:_.:h:ﬂﬂ::_.( -h_a_ﬂ.:v-)\.-::.wm
4.  Tlpy HCTIOb30BAHMU [OTTONHHTEN ;HOTO 000pYAOBAHUA Ha IKpa-

e macries [IDBM BICBEUHBACTCA MEPEICHR CeNeKTHBHBIX TIPU3HAKOB.
AyauTop AOMKEH HabpaTh HA KIABUATYPE NOPSIKOBBEIA HOMED TPH-
JHAKA WCKAKEHHA M JaTh OLECHKY B Ganyiax ¢TeneHH ero BhIPAKEHHOCTH B
cootReTcTBUH ¢ Tabmuuel 2.3. MeroauKa paboThl HA KIAaBHAType CONCP-
scures B maxete nporpamm «KPECY.
5. Mertox pekoMeHAyeTCs HCITONb308ATh TIPH YITTyONEHHOM aHATI3e
(aKTOpOB HCKAKEHHSA PEUH, @ TAKKE 1718 YCTAHOBJIEHA KIAacca KauecTsa perH.

2.3 TecToBbie pass A1 OUCHKH KauecTsa peuH
H y3HABAEMOCTH T0JI0Ca IHKTOPA

1 OcHoBHEIE (hpas3bl:

1.1 Eciy xouemsb ObITh 310p0B, COBETYET Tatbsna Wibe, yncT 3y0bI
nactoi « Kemuayr»!

1.2 Tak TBl CHUTaEIb, 9TO ‘TeXHUKOMN MbI 0OecTieyeHbl Ha BECh ©e30H?

TpuMeuaHHe: MOTYXUPHBIM mpuTOM BbIIC/IEHEI CIIOBA, HA KOTOpbIE
nenaeTcs yjapesue. BeTaBouHble KOHCTPYKIHH B (pase 1 NPOU3HOCATCA B
y6picTpenHoM Temie. Ppasa | 2 mpousHOCUTCH Ge3 nay3 MeXILy CIIOBAMH.

2. JlononHATENbHBIC (paskL:
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2.1 Pa3. Dro xkupHble (ha3aHsl YILTH ITOX nany6y.
2.2 Auno, ciaywato! Kro y tenedona? Ax, 3To Bei! S Gbul BUEPA ¥

Bac.

TNonydeHne CpelHHX CyGBEKTHBHBIX OLEHOK KauecTBa 3BYHaHUA PC
110 TOKA3aTe/IAM CIIOroBOH pa3fopyMBOCTY H Y3HABACMOCTH IHKTOpa MpoBO-

murcs cornacHo 'OCT P50840-95. IIpH BRINONHEHUH

paboThl HCTIONB30BATE

10 guxropos u 10 aytuTOPOB TIPH TeCTHPOBAHHH KKIOT0 KOACKA.
Pe3y/bTaThl H3MEPEHUH 3aHOCATCA B MPOTOKOI, npuBefeHHbIH B Tab-

nuue 2.4.

Ta6nauua 2.4 — 3anuch pe3yabTara

JHara:

Y CJIOBHS NIPOBEAEHHs HCTIHITAHMI:

Juxrop: AyYIOUTOPBI:

Konep:

Tlomexa:

Jlnana3on/3HayeHUe MOMEXH ; 4

Howmep 3amicu

Pa3bopuMBOCTB

KauecTBO

B3STOrO M3 TAGMMUB! 2.5 COINACHO BauleMy BapHaH
omnyicaHue cTaHAapTa.

rob30BaTsECA mporpammoit « VOCdemoy.

4. Cornacao meroauke, T'OCT P 50840-95
nposecty 3anuck PC Gpurafoi JUKTOPOB.

mrymax 1 HCKaKEHHAX B KaHaJe CBA3M.

HOTO KauecTBa ITOJTYy4YCHHBIX CHTHAJIOB. ﬂahuiﬂ.ﬂw
KadecTsa.
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2.4 3ananue A5 MOJAeMPOBAHNS KOACKA PC
1. VsyduTh CTPYKTYpY NPEUIOXEHHOTO ajlropuTMa KOZHPOBAHHS,

Ty 3aJaHHA, MPHBECTH

2. Peanusosarh BhiGpanHbiii koaex PC Ha 33JaHHOM CKOPOCTH Mepe-
nad| B POTrPaMMHO# cpeae Matlab. Ui peanu3alii KOJEKOB MOXKHO BOC-

3. Paspaborars cornacio ['OCT P 50840-95 u T'OCT P 51061-97
METOMKY OLEHKM KAuecTBa PeYeBBIX CHIHAJIOB Ha BBIXOJ1& KOJEKOB.

u TOCT P 51061-97

5. Tlomarb Ha BXOJ KOJeKa CHIHaIbL, JanMcaHHble TPYNNoi AUKTO-

pos. Tlomy9HTb Ha BBIXOZIE KOAEK koauposanHsie PC.
6. DKCIIEPHMEHT MPOBECTH MPH pasTIIHBIX aKyCTHIECKHX IyMax H

7. TIpoBecTd COINIACHO TIOJTy4eHHOH METONMKE OLCHKY cyOBeKTHB-

yCpeIHEHHYIO OUEHKY

8. IIpoBecTH COIJIACHO AIrOPAUTMam 06BEKTHBHOM OLIEHKHU aHaIn3

10Ty 4€HHBIX CHTHAJIOB.
9. CpaBHHTb NONYIECHHbIC 00BEKTHBHYIO H CYOBEKTHBHYIO OLICHKH.

10. TIpu BO3MEHCTBHH PAsTUIHBIX UIYMOB BBIABHTE KOPPEeNALHIo Me-

%Iy OOBEKTHBHBIMU cyOBbeKTHBHBIMH OLIEHKAMU.
B oTdeTe MOJDKHBI GLITH: CTPYKTypHAs CXeMa KOJeKa, ero OMHCaHHe,

06nacTh MPAKTHYECKOr0 MPHMOHEHHA.

Tabnauna 2.5 — Bapuaur 3ajaHus

Homep BapHaHTA

BapuauTh! 3a1aHHH

AJIAKM - 32 xbur/c
AJTUKM — 24 x6ut/c

AJIUKM — 16 k6ut/c
LBRAMR — 1 x6ut/c
LBRAMR — 2 x6ur/c
MMBE — 2,4 kbuT/c
G723.1 — 6,3 xbut/c
[CELP — 4,8 x6ut/c
G729a — 8 kbut/c
G728i — 16 kbui/c
AMR - 6,6 k6ur/C
AMR - 12,65 k6ut/c
AMR — 15,85 xbut/c
AMR — 19,85 x6ut/c
AMR - 23,85 xGur/c
GSM — 13 x6ut/c
GSM — 17 x6m/c
GSM — 35 kbur/c
G726 — 16 xbur/c
G726 — 24 xbut/c
G726 — 32 xbur/c
(G726 — 40 kout/c
Vorbis OGG — 64 x6ur/c
MPEG 1.2.8 — 32 x6ur/c
MPEG 1.2.8 — 48 xbut/c
MPEG 1.2.8 — 56 x6uT/C
MPEG 1.2.8 — 64 x6ut/c

1
2
3
4
5
6
7
8
9
10
11
12
13

-
N

[
Lh

ot
(=]

-~

=
oo

—
p =]

3]
<

o]
ot

™~
2

[ye]
L

]
4

{30
n

b
=y}

(8]
~1




2.5 MpuMep peaau3allid KOAeKa
B cpesie porpaMMuposanus Matlab

Fopex G723:

function G7231Ccder
{(FNameI, FNameO)

$ ITU-T G.723.1 speech
coder

% FNameI: Input audio
i I S 77 SR~ L G /P B )
$ FNameO: Output bit
stream file (.bit) or
output data file
{.dat)

$ P. Kabal,
www.TSP,.ECE.McGil1l.CA

$ S$Id: G7231Codexr.m, Vv
1.15 2010/02/10
20:14:55 pkabal Exp $

G7231Dir = fileparts
{which
('G7231Coder.m') ) ;
addpath (fullfile
(67231Dir, 'ACB'),
fullfile (G7231Dirz,
LT e i ok I i

fullfile
(G7231Diry *Bit=
Stream'),

fullfile
(G7231Dir, 'Filter'),
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fullfile (G7231Dir,
ERPY Y ams

fullfile
(G7231Dix,  "Misc"}),

fullfile
(G7231Dir, 'Mul-
tiPulse')y 5w

fullfile
(67231Dbir, 'Tables'),
fullfile (G7231Dir,
'Target')):

% Set up the output
file name
if (nargin <= 1)
[pathstr name] =
fileparts (FNamel);
FNameO = fullfile
(', [name, '.bit']);
end
[pathstr name ext] =
fileparts (FNameO);
isBitStream = strcmpi
(ext,. t.bIE")

% Coder parameters

Np = 10;

LSubframe = [60 60 60
601

CoderPar = SetCoderPar
(Np, LSubframe);

HpFilt = Coder-
par.HPFilt:

LPpar = Coder-
Par.LPpar;

LSFpar = Coder-
Par.LSFpar;
pitchpar = Coder-
Par.Pitchpar;
TVpar = Coder-—
Par.TVpar;
SineDetpar = Coder-
Par.SineDetpar;
MPpar = Coder=
Par.MPpar;

$ Initialize the coder
memory

CoderMem = InitCoder-
Mem (CoderPar);

% Initialize the
weighted synthesis
filter memories
WSynMem0 = WSynInit
{length
(TVpar.HNWpar.xp));
WSynMem = WSynMemO;

LFrame = sum (LSub-
frame) ;

$ Open the input file
AF?ar = OpenBudioFile
(FNameTI) ;
if (AFPar.Sfreq ~=
8000)

error ('G7231Coder:
Sampling rate must be
8 kHz');

end

% -nitialize the pre-
vious frame data

$ The frame consists
of 3 parts, [lookback
Frame lookahead]

% The lookback and
lookahead are each
half a window long.
The total memory

$ of the system is
locokback+lookahead.
New data is read into
the end of the

% srray-.

offs = 0;

xpMem = zeros
(LFpar.LMem, 1);

FSt = LPpar.FStart+l;
FEn = FSt + LFrame -
1;

FMode = 1; %
Multipulse




TickTock (LFrame / AF-
Par.Sfreq, 1, '< Data
Time: %d s >\n'):

IFr = 0;

while (1)

% Read a frame of au-
dio data

[%x, Nv, AFPar] =
ReadBAudioData (AFPar,
offs, LFrame);

if (Nv < LFrame)

break
end

TickTock;
IFr = IFr + 1;

% Highpass filter

[xf, HPFilt.Mem] .=
filter (HPFilt.Db,
HPFilt.a, %,
HPFilt.Mem) ;

$ Form the extended
data buffer of high-
passed signal

% Concatenate the new
values (1 frame) onto
the saved values

xe = [xpMem; xf];

% LP analysis
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a = LPanalFrame (xe,
LPpar) ;

% % Find the open
loop pitch estimate

% Perceptual weight-
ing filter coeffi-
cients

Xc = xe(FSt:FEn);
% Current frame sam-
ples

[xt, LOL, WSynCof,
TVpar] = GenTarget
(xc, a, TVpar);

% Set up the data
memory for the next
m%mSm (save LMem val-
ues)

xpMem = xe (end-
LPpar.LMem+1:end) ;

% Sine detector (from
LP parameters)

[SineDet, SineDet-
par.rc] = SineDetector
(a, SineDetpar);

% Quantize the LP pa-
rameterss (as LSFs)

% LSFC: Codes to in-
dex the LSF codebooks
{one set per frame)

T.SFC = LPxLSFQ
ﬁmﬁn‘rmﬁmn.mmwmmV\
ooamHZmE.Hmmo‘

LSFpar)/

g Inverse quantiza-
tion of the LSFs
¢ Interpolation of
the LSFs

¢ Convert LSFs tO LP
coefficients

% aQl: Quantized
interpolated LP pa-
rameters (one per sub-
frame)

2 1sfQ: Quantized
LSF's (saved for dif-
ferential coding)

[aQI, CoderMem.1ls£fQ]
= LSFCxLPI (LSFC,
CoderMem.lsfQ,
LSFpar) ;

NSubframe = length
(LSubframe) ;

LPrev = NaN;

j = 0;

for (1 = 1:NSubframe)

N = LSubframe (i):
% Set up the

weighted synthesis
filter coefficients

¢ The weighted syn-
thesis filter has
three parts

¢ 1. Quantized all-
pole filter (2Q) -
These are added here.

% 2. Formant
weighting filter (set
up earlier), derived
from

% the unguan-
tized LP parameters

$ 3. Harmonic
weighting filter (set
up earlier)

% Calculate the
weighted synthesis
filter impulse re-
sponse

EmKBGOmAHV.mo =
aQI (:,1);

wIR = WSyn
(eye (N, 1), WSynCof (1),
WsynMem0) ;

% Subtract the
zero-input response
from the target

% This uses the
state from the previ-
ous subframe



zIR = WSyn
(zeros (N, 1),
WSynCof (i), WSynMem):
xtz = xt(j+1l:j+N) =~
zIR;

% Adaptive codebook
contribution

% The ACB searches
around the open loop
lag for the first and
. % third subframes
and around the previ-
ous =losed loop lag
for

% the second and
fourth subframnes

$ ACBLC: Lag code
for the pitch lag (lag
relative to the mini-
mum lag

% or relative
to the previous lag)

% ACBbIB: Gain in-
dices, index and code-
book index.

PMode = Pitch-
par,PMode (i) ;

if (PMode == 1)

Lx = LOL(i);
else

Lx = LPrev;
end
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[ACBLC (i), ACB-
BIB(#,4),  Pitch=
par.Tamepar.E] = ...

GetACB (xtz, Coder-
Mem.eMem, wIR, PMode,
Lx, SineDet, Pitch-

par) ;

% Update the target
vector with the pitch
contribution

[L{i), b(:,1i)] =
DecodeACBSF (ACBLC(i),
ACBbIB(:,1i), PMode,
LPrev, ...

Pitchpar); % Excita-
tion contribution

ep = PitchContrib
{(N; L{il)y blsi)y
CoderMem.eMem, Pitch-
par);

xp = filter (wIR,
1, ep):
$ Weighted signal con-
tribution

Xtpz = Xtz - Xp;

$ Fixed codebook
pulse positions

if (PMode == 1)
Lx = L(i); % The
lags used are: L(1),
L(1), L(3), L(3)
else
Lx = LPrev;
end
pulseval (1) = Mul-
tiPulse (xtpz, wIR,
Lx, i, MPpar);:
LPrev = L(i);

¢ Fixed codebook
contribution

em(:,1i) = MPContrib
(N, Pulseval(i));

es = ep + em({:,1i};

% Update the filter
memories, ignoring the
output

[temp, WSynMem] =
WSyn (es, WSynCof (i),
WSynMem) ;

% Update the exci-
tation memory

CoderMen.eMem =
ShiftVector (Coder-
Mem.eMem, ...

ClipSignal (es,
CoderPar.Clippar));
j=3 + N;

end

% Create the coded

data

if (isBitStream)
C(IFr}) =

CodeStream (FMode,

L&FC, ACBLC, ACBbIB,

Pulseval, ...

pitchpar, MPpar);
else

C(IFr) = CodeValue
(FMode, aQI, L, b,
em) ;

end

¢ Move ahead in the
speech
cffs = offs + LFrame;

erd

wzhwﬂmﬁwadenmea
or data file
if (isBitStream)
WriteG7231Stream
(FNameO, QC);
else

save (FNameO, 'VC',
"-mat');

fprintf ('G723.1 data
file: %s\n', FullName
(ENameOQ) ) 7

end




function QC =
CodeStream (FMode,
LSFC, ACBLC, ACBbIB,
Pulseval, ...

Pitchpar, MPpar)
% Create the coded bit
stream data

% Code the gains for
the pitch and the mul-
tipulse contributions
CGC = CodeGain
(ACBbIB, Pulseval,
Pitchpar);

$ Multipulse grid
codes, sign codes,
positions codes
[MPGridC, MPPosC,
MPSignC] = MPCode
(Pulseval, MPpar):;

% Save the codes for
transmission
QC.FType = FMode - 1
QC.LSFC = LSFC;
QC.ACBLC = ACBLC;
QC.CGC = CGC;
QC.MPGridC = MPGridC;
QC.MPPosC = MPPosC;
QC.MPSignC = MPSignC;
return

~

function VC = Code-
Value (FMode, a, L, b,
em)

% Save the coded wval-
ues

% FType: Type (MP /
ACELP)

% a: LP coefficients
for each subframe

% Lt Pitch lag for
each subframe

% b: Pitch coeffi-
cient vectors for each
subframe

Copep:xanue oTyeTa

OTYeT 0 KypCOBOM MPOEKTE JOJDKEH COAePIKATh:
1. Teoperudeckue CBeIeHHS O MPEIJIOKEHHBIX B 3afaHHH ANro-

PHTMax MEPBHYHOrO KOJHPOBAHHS PEYEBBIX CHIHANOB, CTPYKTYPHBIE CXe-
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MBI ANTOPHTMOB, KOAHPOBaHNSA, CTPYKTYPY Kaipa nepezasaeMoi uHpopma-

MM B KaHAJI CBA3H.
2. TIporpaMMHYI0 pealH3alHio

orpammHoii cpeae Matlab.
e WKy OIEHKH KadecTBa PeueBBIX CUTHAIOB, HCIIONB30-

NpeIoKEHHOro KOAeKa PC B

3. Mero
BABIIYIOCA TNpPH SKCHIEPUMEHTE cornacHo 06pa3loBoi METCANKE OLCHKH
xagectsa PC. ;
4. Tabnuupl 00BEKTHBHOTO H cyOBEeKTHBHOTO KavecTBa, MOy
yeHHBIe TIPU FKCTIEPUMEHTAIBHBIX HCIBITAHMAX,

5. T'paduxu ¥ TaGIAIE saprcuMocTeil 00beKTHBHON M CyOBeK-

THBHOM OLIEHOK TIPH [AEHCTBHH nmﬁmama aKyCTHYECKHX LYMOB OT YPOB-

Hi IIyMa. ;
6. TI'paduku 3aBHCAMOCTH KOppEIALHH 06BbeKTHBHOH H CYyOBEK-

THBHOI OLEHOK MpH BO3AEHCTBHM pasiHTHBIX aKyCTHeCKHX IIyMOB OT

ypOBHS IEHCTBYIOIIEro Uyma.
7.  BeiBoAB! M0 KQXKIOMY H3 IYHKTOB TIPOJENAHHOM PaGOTBI.

KoHTpoJibHbIe BONPOCHI

1. HauGonee pacnpocTpaHeHHBIE CTPATETHA KOMHpOBaHHA pede-

BBEIX CHTHAJIOB.

OCHOBHBIE NapAMETPBI CPABHEHUS METOI0B KOAHPOBAHH PEHIH.

Y0 TaKOE 3aAePIKKM KOTHPOBAHUS CHCTEMbI NEPEAaTH peun?

Yo npejcTaBnaeT coboH Bokozep?

XapakTepHCTHKH BOKOJEPOB.

PeuesjieMeHTHBIE K TapaMeTpHIecKie BOKOACPBI.

Kakue THITB! [1ApAMETPOB W3 PEUeBOro CHrHaNa BEIACIAIOT B

TIapaMeTPUYECKHX BOKOAEpax?

Knaccsl THOPHIHBIX KOXEPOB.

PaBoTa KOEKOB ¢ MHOTOIIOJIOCHBIM KOJMPOBAHHEM.

10. Kakwue mapameTpbl nepeiaeT Koaep /Ui ONMCaH s cerMeHTa
BXO[HOTO PEYeBoro curxazia’?

No R wN
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