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Teopusi cuzHasnoe u cucmem

YK 004.934

MporpaMMHbIN MHCTPYMEHTapUM ANA TeCTUPOBaAHUA cuMcTeM obpaboT-
K1 peyeBbix curHanoB. Yactb 1. MogenupoBaHue cMrHanoB U cUCTEM

A.H. Mpopeyc, o-p TexH. HayK

HauunoHanbHbIN TEXHNYECKU YHUBEPCUTET YKpauHbl « KNEBCKNIN NOSIUTEXHNYECKNA UHCTUTYTY,

np. MNMobeakl, 37, Kues-56, 03056, YkpanHa.

MNpennoxeH cocTtaB MNPOrpaMMHOrO WHCT-
pyMeHTapusi AnsA uccrnegoBaHMA U ONTUMM3a-
LMK anropMTMOB CUCTEM KOPPEKLUM U KOgUpo-
BaHUA pevyeBbIX CUrHaNoB, noaBepXeHHbIX pa3-
FINYHOTO poAa UCKaXKeHWSAM, TaKUM KaK LuyMo-
Bas n peBep6epaLMOHHasi MOMeXH, OLLNOKU KO-
AvpoBaHusa. B nepBon yactm gaHHom padoTbl
paccMoTpeH MHCTPYMeHTapui, MNO3BONSIOLUN
pewaTtb Takue 3agayvu Kak co3gaHue KOprnycoB
3alyMJIEHHOW peyYn U KOPpPEeKUuUs 3alymMIieH-
HbIX peuyeBbiXx curHanoB. lpousBeaeH aHanus
OOCTOMHCTB M HeAoCTaTKOB MHCTPyMeHTapueB
FaNT u VoiceBox, BbipaboTaHbl peKOMeHzauum
no KOMNeHcauMn YyKa3aHHbIX HeaoCTaTKoB
cpeactBamu Matlab. MNMokaszaHa uenecoobpas-
HOCTb CO30aHUA OOOOLEeHHOro WHCTPYyMeHTa-
pus, nyteMm oOObeaMHEeHUS WMHCTPYMEeHTapueB
FaNT n VoiceBox. Kpome TOoro, nokasaHa uene-
CcOoO6pa3HOCTb [AOMONMHEeHUA TaKoro WHCTPY-
MeHTapusi NporpaMMHbIMU MOoAynsiMu, obecne-
YynBarowummn mMmoagenupoBaHue oueHMBaHUA Ka-
YyecTBa CUCTeM 00pabOTKM peuyeBbIX CUIHaNoB.
PaccmoTpeHHble Npumepbl CBUAETENbCTBYHOT
0 paboTOCNOCOGHOCTM M NPaBUNbLHOCTU (PYHK-
LMOHUPOBAHUA  AAHHONO  WHCTPYMEHTapus.
Bu6n. 18, puc. 5, Tabn. 1.

KnioueBble crnoBa: npozpaMMHbIl UHCMPY-
MeHmapudl, onmumusayusi an2opummos, co3da-
HUEe peyesbiX KOPIyco8, KOPPEKUUS 3allyMIeHHbIX
cuzHaros.

BBeneHune

Mpn paspaboTke WM WCMbITAHUSIX MaTemaTuue-
ckoro obecneyeHnst cuctem umdpoBort 0b6paboTku
pedeBbiX CUrHanoB, Taknx Kak CUCTEMbI KOppeKLUnn
peYEBbLIX CUIHANOB, CUCTEMbI KOAMPOBAHMS U aB-
TOMaTtn4ecKkoro pacnosHaBaHus peun (APP), HeoO-
X0OQMMO pacnonaratb NporpaMmMHbIM UHCTPYMEH-
TapuveM, MNO3BOMSOWNMM He TOmNbko 3hdEKTUBHO
pelaTb NoCTaBfeHHble 3a4a4yn, HO U OMNepaTUBHO
M3MEHATb NNaH J3KCnepumeHTalnbHbIX MCCnenoBa-
HWIA NPV BO3HUKHOBEHUW HOBbIX 3a4ay.

B cooTtBeTCTBMU C 060BLLEHHON CXEMOW TECTU-
poBaHusi cucteM 06paboTkM peyeBbIX CUrHamNoB,
npeacTaBneHHon Ha puc. 1, Takow MpPorpaMMHbIN
WHCTPYMEHTapUIA COCTOUT U3 TPEX YacTen:

— nporpammbl CO3[0AHWUSI UCKAXXEHHbIX pPeYyeBbiX
CUTHanoBs;
— nporpaMMbl  MOAENUPOBAHUS  TeCTUPYEeMbIX
cucTem;
- nporpamMmmbl OUEeHUBaHUA KaydecCcTBa TeCcTupye-
MbIX CUCTEM.
—  BUMIpIOBanbHOrO NPUCTPOLO.
| KoppeKus peuaBeIY CUrHEN0E |
pecoui Caran _¢5 K pereou curuanos |
. Crowmawan | Pacnosuapan e e
. ‘ ‘ oGatom nevemu enmnanon
1L

LM aKyCTUNBCKOTD DKDYXEH WA KauecTen peyu

Peeepbepauna, axo PazfiopuneocTe

| YatTOTHEA XaPAKTBRMCTHEE NUHUM CERSH | HocToeepHOCTE

Hckaxenna pevesoro curiana Kputepun kauecrsa

Py
CHCTEMBI

Puc. 1. Cxema TecTupoBaHus cucteM ob6paboTku pe-
YeBbIX CUrHaNoB

Mpumepbl cosgaHusa parmMeHToB NogobHOro
«UCNbITATENbHOrO CTeHAa» W3BEeCTHbl. B yacTHo-
CTW, ONS MOLESIMPOBAHUS MCKaXKEHHbIX PeYeBbIX
curHanoB paspaboTtaH MpPOrpaMMHbIN MHCTPYMEH-
Tapui FaNT (Filtering and Noise Adding Tool)
[7,8,13]. Ero HepocTaTKkOM SBNSETCHA OTCYTCTBUE
anropuTMOB Koppekumn curHanoB n APP, a Takke
OTCYTCTBME aNroputMOB OLEHMBAHUSA KayecTBa
TeCTUpyeMbIX CcuUCTEM. YKasaHHbIi HeJocTaTok
YacTUYHO KOMMeHcupyeT WHCTPYMEHTapui
VoiceBox [15], cpean Hanbonee MHTEPECHbIX KOM-
NOHEHTOB KOTOPOro - MporpamMmbl, NO3BOMSHOLLNE
MOOENMPOBaTb NPOLEAYPY KOPPEeKUMU peyveBbixX
curHanoB [14]. Bmecte ¢ T1em, B Oubnuorteke
VoiceBox BecbMa HenonHo npeacTaBreHbl Npo-
rpaMmHble MOAENN cuctem koguposaHuna n APP, a
Takke MOAENV CUCTEM aKyCTUYECKOW 3KCnepTu3bl
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[17,18], XOTA MMEHHO TakMe CMCTEMbI B nocrnegHee
BPEMS BbI3blBAOT HaMbONbLUMA MHTEpPEC cneuma-
FNINCTOB COTOBbLIX U KOMMBIOTEPHbBIX CUCTEM CBSA3WN.
Takum obpas3om, cnegyet KOHCTATUPOBAaTb
dparMeHTapHbI XapakTep CyLeCTBYOLEro npo-
rPaMMHOIO WHCTPYMEHTapusi, YTO HaknagbiBaeT
CYLLECTBEHHbIE OrpaHUYEeHUs Ha MepeyeHb pe-
LIaeMbIX C ero noMmoulbto 3agad. Llenb gaHHowm pa-
BGOTbl COCTOUT B pacLUMPEHNN COCTaBa N BO3MOX-
HOCTEN CYLLECTBYIOLLEro MpPOrpaMMHOro WHCTPY-
MEHTapus, MO3BOMSAKOLWEM pelaTb 3HaYUTENbHO
Bonee crnoXxHble 3agayn KOMMIEKCHOrO xapakrepa.
Mpumepamn 3agad Takoro poga SBMASTCS COMNoC-
TaBreHve n onNTUMUsaums anropuTMoB LUYMOMO-
[aBneHusi, BXOASLNX B COCTaB MaTeMaTU4eCcKoro
obecrneyeHns cuctem LUMAGPOBOM CBSA3M U CUCTEM
aBTOMATU4YECKOro pacrno3HaBaHUs peyu.

1. Co3paHue TecToBbIX CUTHaNoB

Mpn paspaboTke n onTummu3auum cuctem o6-
paboTKM peyYeEBbLIX CUrHaNOB, WCKaXXEHHbIX LUyMa-
MU, peBepbepaumern U MHbBIMU MeLlaLWMMn dak-
TOpamu, TECTOBbIMU CUrHanamu crnyxat UCKaXKeH-
Hble COOTBETCTBYHOLLUMM 0OpasoM peyeBble CUrHa-
nbl. [pn akycTU4eCKon akcnepTuse KaHanos pede-
BOW KOMMYHMKaLUMM 3a4acTy) UCMOMb3YKT CUHTE-
3MpOBaHHbIE peyeBble CurHanbel NMbo cTaumoHap-
HbIM (MNN HecTaLWOHapHbIN) LWYM, CrhekTpanbHO-
BpPeMeHHble CBOWCTBA KOTOPOro NOAoGHbI, XOTHA U
HEe WAEHTWYHbI TAKOBbIM ANS PeYeBbIX CUTHaNOB
[17].

lMpu conocTaBneHuu pesynbLTaTtoB, MOMyYeH-
HbIX Pa3fUYHBIMWU 3KCMEPUMEHTATOPaAMU, a Takke
npu conocTtaBneHun 3PPEKTUBHOCTN KOHKYPEHT-
HbIX anropuTMoB YA06HO MCNoNb30BaTb TECTOBbIE
curHanel B oopme peyeBblx Koprycos [16], npea-
cTtaBnaowmnx cobon 6asbl AaHHbIX B BUOE 3BYKO-
BblX W TEKCTOBbIX (PavfoB C COOTBETCTBYHOLLMMMU
TpaHcKpunuuamun. TpaHCKpunLuMM 3BYKOBbIX an-
NoB HeobxoAuMMbl NPU UCMbITAHUSAX aNropuMTMOB
APP, Torga kak npu TeCcTMpOBaHWW anropuTMoB
LymMonoaasneH1s 1 KoOMPOBaHUS, MOXHO OrpaHu-
YNTLCS 3BYKOBOW YACTbH peYEBbIX KOPMYCOB.

CospgaBas 3ByKOBYHO YaCTb peyeBbIX KOPMyCoB,
uenecoobpasHo yuuTbiBaTh psag hakTopos: BUAbI
MoOEeNMPYyeMon peyu; pasHOBUOHOCTU UCKAXEHWUNA,
KOTOPbIM MOABEPraltTCs peyveBble CUrHanbl; pas-
nuymMe B HasHaYeHUM U TEXHUYECKUX XapakTepwu-
CTUKax TeCcTMpyeMblX CUCTEM; pasHoobpasve u
OCOBGEHHOCTN KPUTEPUEB N METOAOB OLEHMBAHMWS
KayecTBa TeCTMpyeMbIX CUCTEM; HeobXoAMMOCTb
CpaBHEHUsa pe3ynbTaToB, MNOSYYEHHbIX pPa3HbIMU
nccrnegoBaTensmu.

KopoTKO MpPOKOMMEHTUPYEM HEKOTOpble U3
yKasaHHbIX (bakTopoB. Y4yeT BUOOB MOAENMpyemMon
peyn Ha npakTuke o3Ha4vaeT, Kak MUHMMYM, HeoO-
XOOUMOCTb yyeTa nay3 Ans nocrneayloLllero Kop-
pekTHoro gobaBneHus wyma K NepBUYHOMY «4MC-
TOMY» pe4eBOMy curHarny.

YyeT pasHOBUOHOCTEN WCKaXKEHW CUrHanos
0O3HavaeT, 4YTo Ans oTpaboTkn anropuTMOB Noaas-
NeHns WyMa aKyCTUYECKOro OKPYXEeHWUs1 4OCTaTou-
HO MCMoNb30BaTb MOAENb pedeBoro curHana y(t)

B BUAE aaWTUBHOW CMECU YNCTOrO PEYEBOrO CUr-
Hana x(t) v wymoBoro npouecca n(t):

y(t) = x(t)+n(t), (1)
TOoraa Kak mpu yydeTe BRMSIHUS XapaKTepUCTUK Mo-
MELLEHMS, XapaKTepn3yemoro MMMynbCHOW Xapak-
Tepuctukon h,(t), mModenb peveBOro curHana

nmeeT Bua;

y(t) = x(t)® h.(t) + n(t), 2)
roe ® - cumson cBepTku. pu yyeTe BRAUAHMSA
PUNBLTPYIOLWLMX CBOMCTB KaHana nepepavu, xapak-
TEpPU3yeMoro MMnNysbCHON XxapakTepucTmkon hg(t),

MOJernb peyeBOro curHana onucbiBaeTcs Gonee
CMOXHbIM BbIpaXXeHUeM:
y(t)=(x(t)®h (t)+n(t))®h(t). (3)
CnenctBumeMm pasHoobpasvsi  OTnaxvBaeMmblx
NN TecTMpyeMblX CUCTEM SBMSETCA pasHoobpa-
31e [ONOMHUTENbHbIX TpeboBaHMN K MoAenu Uc-
KaXX€HHOro TecToBOro curHana. K Hum otHocAaTes:
— nonoca 4acToT curHana (yskasa - 30-3400 Iu;
wupokasa - 50-7000 u; ceepxwwupokas - 50-
14000 My) [11,12];
—  «anpuopHoe» OTHOLUEHnEe curHan-wym
£=101g(Dy/D,) (Dy n D, - pucnepcumn cur-
Hana x(f) v wyma n(t), COOTBETCTBEHHO);

— XapakTep OKpalleHHOCTW wWyma (ans «CUHTe-
31MPOBAHHbIX» LUYMOB);

—  BWUA LUYMa eCTeCTBEHHOIo NPOUCXOXAEHWS;

— napameTpbl HECTALMOHAPHOW LUYyMOBOW MOMe-
XW;

—  Hanuume JOMOJSIHUTENbHbLIX BUAOB NMOMEX U UC-
KaeHnn (peBepbepauumsi, 9X0, HeNMHelrHble
NCKaXKeHNs, 0COBEHHOCTN YaCcTOTHOW XapakTe-
PUCTUKKN TpakTa, cnocob KoanpoBaHUs curHana
nT.n);

— HanuuMe MeXayHapoAHbIX CTaHOapTOB U pe-
KOMEHOAUUA OTHOCUTENbHO  XapaKTepUCTUK
PUNBTPOB M KOOEKOB PEYU, UCMOMb3yeMbIX B
LUMPPOBLIX NIMHNUSIX CBS3W.

Mpw paspaboTke KOpPNycoOB TECTOBbLIX CUrHANoOB

Takxke LenecoobpasHo yumTbiBaTh, MO KakUM KpU -
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Tepusm OygeT oueHMBaTbCA TECTUpPyeEMasi cucTe-
Ma, MOCKOMbKY OOBEKTUBHbIM (MHCTPYMEHTarslb-
HbIM) MeTOA4aM aKyCTMYECKOW 3KCMEepPTM3bl MPUCYLL
psag orpaHudeHun [17]. HakoHew, MoXeT okasaTbCs
BeCcbMa YAOOHbIM XpaHWTb pas3genbHO  3anucu
«YMCTOrO» PEe4YeBOro curHana, 3anucu wyma n um-
MyfbCHOWN XapaKTEPUCTMKN KaHana CBA3W.

UHcTtpymeHnTtapun FaNT pna ¢dopmupoBaHus
TEeCTOBbIX CUTHanoB

Mpumepom BeCbMa M3BECTHOIO COBPEMEHHOIO
NPOrpaMMHOr0 UHCTPYMEHTapusi, NO3BOMSOLLErO
ObICTPO hopMMpoBaTh peyveBble KOpNyChbl C TECTO-
BbIMW CUrHanamu, SBMSIETCS YNOMSHyTas Bbille
cuctema FaNT [7,8,13]. K goctonHcTBaM gaHHOro
WHCTPYMEHTApUsi OTHOCATCA Cregylowme BO3MOX-
HOCTW: MOAENVPOBaHWe BIMSHME LUYMOBOW U pe-
BepbepaunoHHON nomex; ModenMpoBaHue 4yacToT-
HbIX XapaKTepUCTUK JIMHUN CBA3U; BO3MOXHOCTb
yyeTa 0COOEHHOCTEN BOCMPUATUSI 3BYKA CITyXOBOW
cuctemonm  4yenoseka (Mytem  4acToTtHoro  A-
B3BELUMBAHUSA);,  MOOENUPOBAHME  UCKaKEHUN,
CBOWCTBEHHBIX CMCTEMAM KOAMPOBaHUS B LMGPO-
BbIX MIMHUSAX CBA3M; HanNnyne getekropa ronocoBon
aKTUBHOCTU, NO3BOMSIOLLETO KOPPEKTHO YUNUTLIBATH
naysbl B pe4eBbIX CUrHanax.

BmecTte ¢ Tem, uHctpymeHtapmio FaNT cBon-
CTBEHEH psag HegocTaTkoB. Hanpumep, oTCyTCTBY-
€T BO3MOXHOCTb paboTbl ¢ Wwymamu u3 6ubnmote-
KM nonb3oBaTens, a K HeKoTopbiM M3 npegnarae-
MbIX 0OpasLoB LUYMOB MOXHO MpeabsBUTb Cepb-
e3Hble npeTeH3uu. Tak, WymM MeTpo UMeeT Bblpa-
)KEHHbI HECTaAUUOHAapHbIN XapakTep, npuyem na-
pameTpbl 3TOW HEeCTauMOHaApHOCTU B AOKYMEHTa-
UM He onucaHsbl (puc. 2). Kpome Toro, B cucteme
FaNT HeBo3MoxHa paboTa co CBepXLWMUPOKOMNo-
nocHoimun (14 kly) peyeBbIMM CUrHaNamu, XoTs B
CoBpeMeHHbIX cTangaptax ITU-T Ttakonm Bua cwur-
Hanos NpeaycMoTpeH [12].

WHcTtpymeHTapuin Matlab gna cgpopmunposaHus
TECTOBbIX CUrHamNoB

Hanuune ykasaHHbIX OCOGEHHOCTEN WHCTPY-
mMeHTapus FaNT os3HavaeT, 4TO B psge criyyaes
nonb3oBaTeny AOIMKHbI CO34aBaTb COOCTBEHHbIN
WHCTpYMEeHTapui Ans (opMMpPOBaHUSA TeCTOBbIX
curHanoB. Becbma ypobGHO uvcnonb3oBaTb Mpu
3TOM BO3MOXHOCTM cpegbl Matlab [4]. 3anucbk
KYMCTBIX» pPeYeBbIX CUTHANOB MOXHO OCYLLECTBUTb
C NOMOLLBI CTaHgapTHoW dyHKuun wavrecord(),
MCMNOMb3ys KayeCTBEHHbIE MUKPO(OH M 3BYKOBYIO
KapTy, B 3arnyweHHOM MOMELLEHMN CO BPEMEHEM
peBepbepaummn He Gonee 0,3 c.

0 10 20 30 40 50
Bpewms, ¢

Puc. 2. CcopmupoBaHHasa cuctemom FaNT cmecb
peyeBOro curHamna v wyma mMeTpo

Mpwn 3anncu guckpeTHOW peudn LenecoobpasHo
co3faBaTtb BcnomoraTernbHble 3BYKOBble hainbl C
yOaneHHbIMM nay3amun, 4TO MO3BOMUT KOPPEKTHO
onpenenuTb YPOBHU pedveBbiX curHanos (dannbl ¢
yoaneHHbIM1 nay3amMmu MoryTt I'IOHap,06I/ITbC$| n npu
OLEeHMBaHMM pa3bopyMBOCTM peyvnm (OPMaHTHbLIM
MeToAoM). YaaneHne nay3 MOXHO OCYLLECTBUTb C
MOMOLLBID  AEeTeKTopa [OfIoOCOBOM  aKTMBHOCTU
vadsohn() n3 6mubnuotekn VoiceBox. C atonm xe
LUenblo MOXHO WCMONb30BaTb COOTBETCTBYHOLLYIO
(PYHKUMIO MPOrpaMMHbIX 3BYKOBbIX pPEAaKTOpOB,
MMEKLLNXCA B pacnopsaXeHnn nonb3oBaTtend. B
KOHLLe KOHLIOB, yAarneHue nay3 MOXHO BbIMOSHUTL
«BPYYHYIO» C MOMOLLbIO TEX XE 3BYKOBbIX peaak-
TOpOB. MocKoMNbKy «pydHOe» yaaneHue nays sBns-
eTca 6onee TpyaooemKkvMM, ero crnegyet UCMONb30-
BaTb MpW CO3[aHWM Hebonbwnx no obbemy, HO
O4YeHb KayeCTBEHHbIX, Kopnycos. [pumepbl yaane-
HWS Nay3 pasnuyHbiMKM cnocobamu npreedeHbl Ha
puc. 3 (crnoBo «nMcToYek»). Kak nokasaHo Ha puc.
3,6 n 3,8, Npu Heyga4HOM peErynupoBke napameT-
poB CUCTEMbl aBTOMaTU4YeCKOro ypaneHuda nays
OTHOcUTENbHas owunbka B onpedeneHun OJNHbI
curHana moxet gocturate 20%, 4TO NpMBOAUT K
3HaunTenbHon, 0o 20%, owunbke oueHkn addek-
TMBHOIO YPOBHSA cuUrHana.

'eHepypoBaHue MCKycCTBEHHOro Genoro nmbo
OKpaLLleHHOro wymMa ny(t) BbINOMHAIOT C MOMOLLbIO

cTaHgapTHon dyHKumMM randn(), ¢ nocrnegyowmnm
NPUMEHEHNEM COOTBETCTBYHOLWMX unbTpoB [17].
Mocne Bblumncnexus aucnepcun D, WCKYyCCTBEH-

HOrO UMK eCTECTBEHHOrO Wyma r4(t) BbINOMHAT
BbluMcneHne aucnepcun D, curHana 6e3 nays,

Mocrie YEro OLEHMBAIOT «MMEIOLLEECS» OTHOLLEHUE
curHan-wym & =101g(Dy /D 1) . Mockonbky 3Ha -
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YyeHne &, Kak npaBuno, He COOTBETCTBYET Tpe-
B6yemMomy OTHolIeHUo &, Aanee cnegyet BblYuC-
nnTb  KOaMUUMNEHT K

KOppeKkunn MrHOBEHHbIX

aHadeHmit wyma: k =10%0%(617%0)

PiBeHb

, H m”. Lo

' i i i
0,2 0,4 0,6 0,8
Yac, ¢

B

Puc. 3. PeueBon curHan no (a) u nocne ypaneHus
nays Bpyu4Hyto (6) n aBTomaTu4yecku (B)

dopmupoBaHme cmecu (1) ¢ TpebyeMbiM OTHO-
LLIEHNEM CUTHan-LWyM & BbIMONHAT No hopmyre

y(t) = x(t)+ kny(t) .

dopmupoBaHue cMmecen no chopmynam (2)-(3)
TpebyeT BbINONHEHMS Npoueaypbl CBEPTKN, ANs
peanu3auun kotopon B 6Gubnunoteke Matlab nme-
eTcs pag ctaHgapTHbIX pyHkumi (conv(), filter(),
xcorr(), fftfilt() n gp.).

2. MopgenupoBaHue cuctem obpaboTku peue-
BbIX CUTHaNoB

MogenupoBaHMe KOOEKOB MOOMUIBLHBLIX NIMHUN
CBA3MN

BnusiHne Ha peyeBon curHan Takon pasHoOBUA-
HOCTM cucTeM 006paboTKkM peudn Kak KOOEeKM MO-
OunbHbIX NMHMA ces3n GSM n UMTS, ygo6Ho mo-
aenuposatb ¢ nomoLlpbto cuctembl FaNT. Bbicokoe
KayecTBO MoaenupoBaHusa obecneyeHo UCMONb30-
BaHMeM OGUBNMOTEK NPOrpaMMHbIX MOZYIEen, peko-
MEHZOBaHHbIX MexayHapoaHbIM Cotozom
TenekomyHmkauin (International
Telecommunication Union - ITU), a Takke ncnosnb-
30BaHMEM MPOrpaMMHbIX MOAYNEN peyeBoro koge-
ka AMR, craHgapTM3upoBaHHbLIX EBponerickum
UHcTuTtyTOM  TenekoMmyHukaumoHHbix CTaHaap-
ToB (European Telecommunications Standards
Institute - ETSI) n koHcopuuymom «3rd Generation
Partnership Project» (3GPP) [11].

MO,D.GJ'IMPOBaHVIe CUCTeM KoppekKkuuun peyveBbIX
curHanos

Mpyn MopenupoBaHMKM anropuMTMOB KOPPEKLUn
peyeBbIX CUrHanoB, B Ka4yecTBe «0OpasLoBbIX»
uenecoobpasHo wucnonb3oBaTb Habop dyHKLUWIA
uWHcTpymeHTapus VoiceBox (tabn. 1). basosble
dyHKumm atoro Habopa, ssubmmse() n specsuby(),
COOTBETCTBYIOT [ABYM HanpaeIieHNsM B Teopuu
KOPpPEeKUMM peyveBbiXx CUrHamoB — MeTody OnTu-
ManbHOM uAbTpauMn M MeTody CheKTparibHOro
BbluMTaHus [4,5,14].

HecmoTpsa Ha pasnuuve ykasaHHbIX MeTOAOB,
CTPYKTYpHasi cxema npoueaypbl KOppekuun peve-
BOro curHana, peanu3yemon ¢ noMoLbo YHKUUA
Tabn. 1, MoxeT ObITb yHU(MUMpOBaHa W npea-
cTtaBneHa puc. 4 [2-6,9,10].

O6paboTka curHana HadnHaeTcsa ¢ pas3bueHust
ero (c nomoLLbo QyHKUMK enframe()) Ha nepekpbl-
BalOLMECs M B3BELUEHHbIE OKHOM X3aMMWHra cer-
MEHTbl (MO YMONYaHWIO CTeneHb MepeKpbITUS
50%). Kaxabii n3 cerMeHToB noasepraeTcs Crek-
TpanbHon obpaboTke (c nomowblo yHKUMK rfft()),
pesynbTaTtoM KOTOpOW sABnsieTcsa Habop cnekTpos
CermMeHTOB.
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Ta6n. 1. DyHKLMK KOPPEeKLUN peveBbiX CUrHanoB

DyHKLMA [encrene pyHKUUK
ssubmmse() | koppekuns peun metogamum MMSE nnun logMMSE
specsub() KOppeKumMs peyun MeTogoM CrekTpanbHOro BblYMTaHNS
estnoiseg() | oueHka cnekTpa NoMexwu rno 3awymreHHoMy curHany metogom MMSE
estnoisem() | oueHka cnekTpa NnoMexu no 3allyMIeHHOMY CUrHany MeToaoM MUHUMAasbHON CTaTUCTUKM
enframe() pa3bveHne curHana Ha CermeHThbI
rfft() npeobpasoBaHne dypbe cermeHTa curHana
irfft() obpaTtHoe npeobpasoBaHue Pypbe cnekTpa cermeHTa curHana

Mpouenypa OLEHUBaHUS CMeKTpa MoMexu SB-
ngeTca BeCcbMa OTBETCTBEHHOW W CMOXHOW, MNo-
CKOMbKy, MO CyllecTBy, Npu ee peanusaluu Bbl-
MOMHAETCS aBTOMaTU4eCcKoe [OeTeKTMpOBaHue ro-
NIOCOBOW aKTMBHOCTW. [pn oueHuBaHMmn (No ymorn-
YaHWK) CnekTpa MOMexXm MeTOAOM MUHMMarbHON
CTaTUCTUKK [9] ucnonb3yeTtcs dyHKUMA
estnoisem(), ogHaKO MpW XenaHuM Mosb3oBaTelb
MOXET WUCNONb30BaTb anbTEPHATUBHYK (OYHKLNIO
estnoiseg(), peanu3ylolyo BbIYUCIEHUA B COOT-
BeTcTBMM ¢ meTogom MMSE [3, 6].

Hauano

|
Bubop napamertnoe anropuimoe
PazbWeH Me cHrHana Ha CEMAEHTLI
[
Briuvcnedue cnekTnoe cerMeHToE

BriqdcneHMe cnekTha NoOMexu

[
BEMHCNEHME EOIDE MUMEHTS KO SE LM

FoppekuWa cnekTpa Creck
[

CBpatHoe M oNA Ka¥NOMD CErmMedHTs
[

DAL eIMHEHWE CETMEHTOE

KoHew,

Puc. 4. Mpoueaypa koppeKunn peyeBoro curHana

SApnpoMm anropuTMoOB LLIyMOMoAaBIeHUs SBMs-
€TCH pacyeT KoppekTupyloLllero koadduumeHTa
G(Ek,vK), NPV 3TOM OTKOPPEKTUPOBAHHAA aMmnnu-

Tyda k-l coCTaBnsaloLLEn crnektpa Ay, paccyuTbl-
BaeTcsa no dopmyne

Ay =G(Ex, 7k )Rk, (4)
roe Ry(k) - OLEHKa Kk - COCTaBrsOLLEN CnekTpa
3awymneHHoro curHana (1).

Mpu wncnonb3oBaHun metoga logMMSE kop-
pekTupyowmun  koadduuneHt G(Ey,yx) paccum-
TbiBaOT B COOTBETCTBUN C BbIpaXKeHneM [5]:

ot

Glek )= —expl > [ Sdtt, (®)
Uk

1+§k

rae i =Ay(k)/Ap(k) o3HauaeT anpuopHoe OTHO-

LUEeHWe curHan-wym ansa k -ro cnekTpanbHOro Kom-
noHeHTa (A, (k) - CNEeKTp MOLLHOCTU YMCTOrO CUr-

Hana, a A,(k) - cCnektp MOLHOCTM Lyma);
v = Sk Yk. TR vk =Ry (k)/Ap(k) - amocme-
1+<2k

PUOPHOE OTHOLLUEHWE CUrHan-wym Kk -ro Ccrnek-
TpanbHOro KOMMOHEHTA.

Mpu pacyeTe KoppeKkTupytoLero KoapuumneH-
Ta metogom MMSE [4] ucnonb3yeTcd COOTHOLLE-

HUe:
ﬁﬂ'l)k l)k
G(&,, = exp| -——+
(Sk7k) 2 XP[ ZJX

, (6)
X[U + 0y )l (%k) + Uy (%‘)}

rae Ilo(-) n I4(-) - moauduumpoBaHHble YHKLMM
Beccensa HyneBoro n nepsoro nopsgka, COOTBeT-
CTBEHHO.

OTKOppeKTMpoBaHHble, B COOTBETCTBUM C (4),
CNeKTpbl CErMeHTOB ganee noasepratTca obpat-
HOMYy npeobpa3soBaHuio Pypbe (C NOMOLBIO YHK-
umn irfft()) n obbeanHsaTCs, 06pasys KOHEYHbIN
NPOAYKT - OTKOPPEKTUPOBAHHbLIWA CUrHan.

Ha puc. 5,a nokasaH pedeBov curHan (CroBeo
«INNCTOYEKY), 3aMaCKMPOBaHHbIN agavTuBHbLIM be-
nbiM WYMOM (OTHOLWeHWe curHan-wym 5 ab), a Ha
puc. 5,6 nokasaH pe3ynbTaTt ero BOCCTaHOBMEHWS C
nomoulbto metoga logMMSE, peanu3oBaHHOro C
NMOMOLLbIO ONMCAHHOW BbILe npoueaypbl.
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Bpems, ¢

6

Puc. 5. Cmecb curHana u 6enoro wyma ¢ OTHOLUEHMU-
em curHan-wym 5 b (a) n pesynbTaTt BoccTaHoBe-
HUA curHana (6)

B gaHHOM mpumepe oOueHKa BbiMrpbila B OT-
HOLLUEHMM CUrHan-wym okasanacb 6nuskom 6 b,
YTO COOTBETCTBYET NUTEPATYPHbIM OAHHLIM O MO-
TeHUManbHbIX BO3MOXHOCTAX MeToda logMMSE
[14]. MpuBeageHHbIN Npumep cBUOETENbCTBYET O
paboTocnocobHOCTM M NPaBUINIBHOCTU OYHKLMNOHM-
pPOBaHWsl anropuTMOB KOPPEKLUN PEYEBbLIX CUIHa-
NOB [JAHHOIO MPOrpPaMMHOIO MHCTPYMEHTapusl, 4To
No3BOJSET UCMOMb30BaTh UX B KayecTBe CBOEOD-
pasHbIX «3TanoHOB» MPU UCMbITAHUSX MOAEPHU3N-
POBaHHbLIX UM HOBbIX anroputmoB 0bpaboTkn pe-
YeBbIX CUrHanoB.

BbiBoAabl

[MporpaMMHbIN  MHCTPYMEHTapui, NO3BOMSAI0-
LLMIA OCYLLECTBMATL TECTUPOBAHME Y ONTUMMN3ALMIO
anropuTMOB cucTteM 00paboTkM peyveBbiX CUrHa-
NnoB, NOABEPXKEHHbIX PA3NNYHOIO PoAa UCKaXKeHU-
siM, BecbMa BocTpeboBaH cneuuanucrtamm B 006-
nacTtu undpposon 06paboTkM CUrHanoB.

lMepBas 4YacTb Takoro NpPOrpammHOr0 WMHCTPY-
MeHTapwusi, NpeAcTaBneHHas B AaHHon paboTte, no-
3BOMIsieT pellaTb TakuMe 3ajaunm Kak onepaTvBHOE
CcO3[aHune KOpnycoB 3allyMSIEHHOW peYrM U onTu-

MU3auMIio nNapamMeTpoB anropuTMOB KOPPEKLUN
3alyMIEHHbIX peyYeBbIX curHanoB. PaccmoTtpeH-
Hble MpUMepbl CBUAETENLCTBYIOT O paboTocnocob-
HOCTU W MpPaBUNbHOCTU OYHKLUMOHUPOBAHUS OaH-
HOro NPOrpamMMHOr0 MHCTPYMEHTapUS.

Bo BTOpon 4yactu paboTbl npegnonaraetcs
paccMoTpeTb Habop KOMMOHEHTOB MPOrPaMMHOro
WHCTPYMeHTapusi, obecneynBarolLmMii MOCTPOEHUE
MoZesiern CUCTEM aKyCTUYECKOM IKCMNEPTMUSbI.
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YK 004.934

MNMporpamHun iHCTpyMeHTapin Ana TecTyBaHHA cucteM o6pobkn MoB-
neHHeBux curHanis. YactnHa 1. MogenoBaHHA cUrHaniB i cuctTem

A.M. lNMpopeyc, A-p TEXH. HAYK
HauioHanbHMN TeXHIYHWIA yHIBepcuTeT YkpaiHn « KNTBCbKUIA MONITEXHIYHUIA IHCTUTY T,
np. MNMepemoru, 37, Knis-56, 03056, YkpaiHa.

3anponoHOBaHO CKJlag NPOrpamMHoOro iHCTpyMeHTapilo AnA AochifpKeHb i onTumisadii anropuT-
MiB cUCTEM KOpekuil 1 KogyBaHHA MOBMEHHEBMX CUrHaniB, WO NigaaHi pisHOro poay cnoTBOpPEH-
HSIM, TaKUM SIK LUyMOBa M peBepbepauiiHa nepewKkoan, NOMUIIKA KogyBaHHA. Y nepuwini YacTuHi
AaHoi po6GoTN PO3rNsHYTO iHCTPYMEHTapiN, WO AO03BONIAE PO3B’A3yBaTU TaKi 3aBOaHHSA 5K CTBO-
PEeHHs1 KOpnyciB 3allymMieHOi MOBU M KOpPEeKUif 3awyMIieHMX MOBJIEHHEBUX curHaniB. BukoHaHo
aHani3s aocToiHcTB i HegonikiB iHcTpyMeHTapiiB FaNT i VoiceBox, Bupo6neHi pekomeHgauii 3 kom-
neHcauii 3a3Ha4yeHuMx HepornikiB 3aco6amu Matlab. NMokasaHo AouinbHICTL CTBOPEHHSA y3aranbHe-
HOro iHCTpyMeHTapito, Wwnaxom ob6'eaHaHHA iHcTpyMmeHTapiiB FaNT i VoiceBox. Kpim Toro, nokasa-
HO AOLiNbHICTb JONOBHEHHSA TaKOro iHCTPyMeHTapilo NporpaMHUMU MOAyIsiMU, Wo 3abe3nevyyloTb
MoAentoBaHHA OLiHIOBaHHSA AKOCTIi cMCTeM O6pO6KM MOBHUX curHaniB. Po3rnsiHyTi npuknagm cBi-
A4YaTb NPO npaue3faTHICTb M NpaBUIbHICTbL (PYHKLiIOHYBaHHA [aHOro iHCTpyMmeHTapito. buon. 18,
man. 5, tabn. 1.

KnrouoBi cnoBa: npozpamHull iHcmpymeHmapid, onmumizayis anzopummie, cmeopeHHs MOBIIeHHE-
8UX KOprycig, KOpeKUisi 3aWlyMreHux cuzsHarie.
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UDC 004.934

Software toolkit for testing of speech signals processing systems.
Part 1. Simulation of signals and systems

A.N. Prodeus, Dr.Sc.
National Technical University of Ukraine «Kyiv Polytechnic Institute»,
37 Prospect Peremogy, Kiev 03056, Ukraine.

Structure of the software toolkit for the study and optimization of algorithms of correction and
coding systems, which are subject of various distortions, such as noise and reverberation
disturbance, coding errors is proposed._The first part of this paper is devoted to consideration of
toolkit which permit solve such problems as creating of noisy speech corpora and correction of
noisy speech signals. The analysis of advantages and lacks of toolkits FaNT and VoiceBox is
made, the guidelines on compensation of the lacks by Matlab resources are developed. The
expediency of creation of generalized toolkit, by association of toolkits FaNT and VoiceBox, is
shown. Besides the expediency of addition of such toolkit by program modules ensuring
simulation of quality estimation of speech processing systems is shown. The examples show
efficiency and proper functioning of the proposed toolkit. Reference 18, figures 5, tables 1.

Keywords: software toolkit, optimization algorithm, corpora creation, correction of noisy signals.
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