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Pedepar. B noxnazne npencrasisiercst cnocob HCIONb30BaHUS 3aKOHOMEPHOCTEH NMCUX0aKYCTHKH MPH PEaln3aliii HU3KOCKOPOCTHOTO
BOKOJEpa C BBICOKHM KaueCTBOM CHHTe3HpyeMol peun. PaboTa opueHTHpOBaHa Ha MOAENIb pedeoOpa3oBaHUS C pa3geibHBIM HPEICTABICHUEM
CIIEKTPOB TOHAJIBbHOM U IIyMOBON KOMIIOHEHT pEedeBOro cHrHama. IIcuxoakycTHueckue NIpeoOpa3oBaHUs MPOU3BOAITCS HA IBYX dTamax: IpU
MIOCTPOCHHUY OTMOAIOIINX CHEKTPOB U HPH pacyeTe BECOBBIX KOA()(GHIMEHTOB IUIs B3BEIIMBAHHS OMIMOKM KBAaHTOBAHWS IapamMeTpoB. [laHHBIN
MOAXOJ, O3BOJISIET YMEHBIIUTD II0 CPABHEHHIO C CYIIECTBYIONIMMH IIOJXO0AaMHU IOCTPOSHHUS BOKOJEPOB OIIYyTUMbIE CITyIIaTeIeM HCKaKCHUSL.

1. Beenenne

Jnst xomupoBaHus pedeBoil mHpopMmanmu ¢ HU3KUMHU (MeHee 4,8 KOUT/C) CKOPOCTSMHU HCIIOJB3YIOTCS
BOKOJIEPbI, MOJENb pedeo0pa3oBaHMsA KOTOPHIX OCHOBaHA Ha MapaMETPHYEeCKOM IIPEACTaBICHHWH curHama. Kax
MPaBUJIO, ONHUM U3 TApPaMETPOB MOJIENN SBISETCS KpPaTKOBPEMEHHBIH cHekTp Pyppe pedeBoro curHama. K
CIEKTpaIbHBIM BOKOZEpaM OTHOCSTCS, Hampumep, Regular Pulse Excitation airopuT™, HCHOJB3yeMBI B CHCTEME
GSM, MultiBand Excitation, Sinusoidal Transform Coder, pa3nmunsie Bapuantel CELP u mp. [1] Hecmotps Ha
3HAYHUTENBHBIC YCIIEXU B TAHHOW 00JaCTH, aKTyaJ bHOM SIBISCTCS 33a7aua JaJbHEHIIECrO CHIKCHUS CKOPOCTH MepeIadn
U TIOBBIIICHUS Ka4eCcTBA CHHTE3MPOBAaHHON pedd. Bobllne MEpCHEKTHBEI B 3TOM HMEET 10 BO3MOXKHOCTH ITOJTHBIN
y4eT MpH KOJIUPOBAHUU 0COOCHHOCTEH BOCHIPUATHS 3BYKA YCIIOBEKOM, H3Y9aeMBIX IICUXOAKYCTUKOM.

B macrosime#t paboTe mpemiaracTCs HOBBIH CIIOCOO HUCIOJIB30BAaHHS 3aKOHOMEPHOCTEH MCHXOaKyCTHKH,
KOTOPBIN MO3BOJSIET OOJice KAYECTBCHHO CTPOUTH OTHOAIONINE CIICKTPOB U PACCUUTHIBATH BECOBBIC KOA((HUIIMESHTHI
JUTS B3BEIIMBAHMS OIIMOKH KBAaHTOBAHIS [TapaMETPOB.

2. Mopens pedeodpa3oBaHus

B paGore 6puta nCTONB30BaHa MOJENTH pedeo0pa3oBaHysI, OCHOBaHHAS Ha MPEACTABICHNH PEYEBOTO CHTHAa
B BHUJIC CIIEKTPOB TOHAJIHHOW U ITyMOBOUW KOMMOHEHT [2]. JlaHHAs MOJeNThb HAaXOIUT BCe Ooblliee MpUMEHEeHUe (Harp.,
[3]). TonanpHass KOMITIOHEHTa TPEACTABISIET COOOW COBOKYIMHOCTh TAPMOHHMK OCHOBHOTO TOHA. Kaxkmas rapMoHHKa
SIBIISICTCS. CUHYCOUJION, aMIUTUTYa M 4YacTOTa KOTOPOMW JIMHCHHO M3MEHSIOTCS MEXKIy OKHaMu aHanm3a. lllymoBas
KOMIIOHCHTA OIpEACIIeTCS KaK pa3HOCTh MEXKAY HCXOJHBIM CHTHAJIOM W CHHTE3MPOBAHHON TOHAIBHOU
KOMIOHeHTOM. [lapamerpaMu MojenH SBISIOTCS YacTOTA OCHOBHOTO TOHA, aMIUIATYABI FAPMOHUK WM OTHOAroImas
CIIEKTpa IIYMOBOW KOMITOHEHTHI. CTPYKTypHasi cXeMa KoJepa, 00eCIeUNBAIOIIET0 HaX0KICHUE JaHHBIX TapaMeTpPOB,
MoKa3aHa Ha puc. 1.

[pu cunTE3C peun mepuoaryYecKasl COCTABIIONIAs CO30aeTCsl HAOOPOM IepPeCTPanBAECMBIX CHHYCOHUIATBHBIX
reaepatopoB. Pa3pl TAPMOHUK OCHOBHOTO TOHA OMPENCHSAIOTCS B 3aBUCHMOCTH OT HMX AMIUINTYA W TPaeKTOPHH
(hyHIaMEHTATLHOW YacTOTHI TAKUM 00pa3oM, 4TOOBI 00ECTICUUTh MHHUMAJIbHBIE pEBEPOCPAITHIO U «METAIUTMIHOCTHY.
CuHTe3 IIyMOBOW KOMIIOHEHTHI 3aK/IIOYaeTCs BO B3BEIIMBAHUM CIIEKTpa OEIoro mIymMa COOTBETCTBYIOIIEH
orubaronield ¥ 00paTHOM TpeoOpa3oBaHWU BO BpeMeHHYI0 o0sacth. ChopMupoBaHHBIC MEPHOANYECKAS W ITyMOBas
COCTABIIIONINE CKJIaneiBaloTcs. Ha puc.2 mpuBeneHa CTPYKTypHas cxema Jexojepa. llompoOGHocTH mporemyp
aHaJIM3a U CUHTE3a OMyOJIMKOBaHBI B [4].
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3. IHocTpoenue orudaIMX CIEKTPOB

[Ipu mocTpoeHuH OTHOAIOIINX CIIEKTPOB CTABHWJIMCH YETHIpEe OCHOBHBIC Ien. CIEKTp pedeBOro CHUTHasa
COIEepXHUT OOJNBIIOE KOJMYECTBO OTCUETOB, M, CIEIOBATEIBHO, HE MOXET HAmpsSIMYyI0 HCIIONB30BAThCA JUIS
kBaHTOBaHU. [To3TOMY IIEpBO¥ M3 TieNeH ABIUIOCH YMEHBIIICHHE KOJIMYECTBA CIIEKTPAIBHBIX OTCYETOB.

Crnemyromast Ie7b — TOBBIIICHHE KadecTBAa OTMOAIOMIEH CIIEKTpa Ui pedd C BBICOKHMMH YaCTOTaMH
OCHOBHOTO TOHa. B wucmome3yeMoil uamie Bcero TeXHHKE JMHEHHOTO MpeACKa3aHWs YacTOTHAS XapaKTePHCTHKA
¢uIbTpa SBISIETCS, MO CYTH, YCPEIHCHHBIM CIICKTPOM MOIIHOCTH BXOJHOTO CHUTHAJIA, & HE €ro Oorudaromeil. Ito
OTJIMYKE HE UTPacT 3aMETHOM POJIU B CITydae HEBOKAIM30BAHHBIX 3BYKOB FUTH JIJIsl BOKAJM30BAHHBIX 3BYKOB C HU3KOM
4acTOTOM OCHOBHOTO TOHA. [IpW CHM)KEHUM IAQHHOM YacTOTHI YacTOTHAS XapaKTepPHCTHKA (UIbTpAa HAYWHACT
CIICZIOBATh 32 «IIPOBAJAMI» CICKTpa MEKAY OTACITBHBIMUA T'apPMOHHKAMH; HUCKAXKAIOTCS OMpEACTSCMBIC MapaMeTphI
(dopmaHT.

TpeTest 1ETb COCTOMT B Y4YETE IMCUXOAKYCTUYCCKHX 3aKOHOMEpHOCTEH. TpaTulMOHHBIA CIIOCOO pacueTa
OTHOAIOIINX CIIEKTpa 3aKJTI0YaeTCsl B MUHAMHU3AINNA CYMMapHOH KBaJpaTHIHON ommOKy B koopauHaTax ab-I'm. Tpu
9TOM OJHA W Ta K€ MOTPEIIHOCTH AlMNPOKCHMAIIMHA B 3aBUCHMOCTH OT aMIUTUTYIBI M YaCTOTHI BOCIPHHHUMAETCS Ha
CIlyX HEOIUHAKOBO. {71 YMEHBIIEHUS CIBIINMBIX MCKa)KEHHH CHTHAjla Yalle BCEro NPHMEHSIOT IMepLenTyaibHbIC
B3BEIIMBAIONINE (IIIBTPHI WM PETYINPYIOT TOYHOCTh KBAaHTOBAHMS B 3aBHCHMOCTH OT Topora MackupoBanus. O0a
STHX TIOAXOJa HE MO3BOJIIIOT B TOJHOW Mepe Y4eCTh M3BECTHBIC 3aKOHOMEPHOCTH IICHMXOaKyCTHKH. B HacTosmiei
pabote mepen MOCTPOSHHEM OTHOAIOIINX BBIMOIHAJIOCH MPEoOpa30BaHME CHEKTPAIBHBIX INKAJ, YTO IO3BOJIMIO
ANMPOKCUMUPOBATH CIICKTPHI B TMHEHHBIX IS CITyXa KOOPIUHATAX.

U, HakoHeI, MOCTeTHSS e SIBISCTCS Celn(UIeCKOM s TapMOHUYECKUX BOKOAEpoB. [Ipyu KkBaHTOBaHHU
AMIUTUTY]lT TapMOHHK BO3HHKAIOT CIIOKHOCTH, OOYCJIOBJICHHBIC TIIOCTOSHHBIM W3MCHCHHEM WX KOJHYCCTBA.
[Moctpoenne orumbaromeli TrapMOHHYECKOTO CHEKTpa C (DUKCHPOBAHHBIM KOJIMYCCTBOM MAPaMETPOB MO3BOJISET
YCTPAaHUTH JaHHYIO IPOOIEeMy.

Kak m3BecTHO, CIEKTpaIbHOE pa3pelIeHne CIyXOBOIO ammapaTa 4eJ0BeKa 3aBHCHUT OT YaCTOTHI: HAa BEPXHHUX
4acToTax OHO XyXe, YeM Ha HIDKHUX. BBIpaBHHBaHWE CHEKTPAIFHOIO pa3pelieHus MTOCTHTAeTCs C IOMOIIBIO
npeobpazoBanus [1-6apk [5]. B cOOTBETCTBHYM ¢ HUM 4aCcTOTHAS OCh TPAHC(HOPMHUPOBAIACH CISAYIONTIM 00pa3oM:

z = 13*arctan(0.76*f)+3.5*arctan((f/7.5)?),
rae f u z — gactora, BeIpakeHHas B K[ 11 1 6apK COOTBETCTBEHHO.

Cnyx o0namaet HEOIMHAKOBOM YyBCTBUTEIHHOCTBIO K SHEPTHH Ha pa3HbIX yacToTaX. [ paduuecku 3ToT (hakt
MOJKHO TIPEJCTABUTh B BUJE KPUBBIX PAaBHOM IpoMKOCTH [6], KOTOophle Moka3aHbl Ha puc.3. Bromp kaxaoi kpusoit
YPOBEHb TPOMKOCTH, HM3MEPSICMBIA B (POHAX, OCTACTCS IMOCTOSIHHBIM U MOJIAracTCs PaBHBIM YPOBHIO 3BYKOBOTO
nmaBneHus B ab Ha wacrore | k['m. Kak BHIHO, KpWBBIE CEMEWCTBA CXO0XKH MEKAY COOOW, M HX MOXKHO
aNMpPOKCUMUPOBATh AOCONIOTHBIM IMOPOTOM CIIBIITUMOCTH, TOJHUMAs €ro 1o aMmImumtyae. Mcxoms w3 3Toro,
KOMIICHCAIMS YaCTOTHOM 3aBUCHMOCTH YYBCTBHTEIBHOCTH K 3Heprum (mpeobOpasoBanue Ab-(hOH) BEIIONHSIOCH B
BHJIE

P=D-ATH+ATH, y,,
rae D u P — aMIDIUTYAbI CHIEKTPATbHOW KOMITOHEHTHI B b u goHax cootBetcTBeHHO; ATH i ATH |y, — 3HaYCHUSI
a0COJFOTHOTO TIOPOTa CIBIIIMMOCTH [5] Ha 9acTOTax JaHHOW CIIEKTPaIbHOW KOMITOHeHTHI 1 1 kK[ B 1b:

ATH(f): 3.64f_0'8 —6.56_0'6(f_3'3)2 +10_3f4 ’

rae f—yactoTa B K 1.
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Puc.3. Kpussie paBHO#l rpoMKOCTH Puc.4. BoccTanoBieHue criekTpa 1o orudaromei

Kpome paccMOTpeHHBIX, ClleyeT YUecThb ellle OJWH BUJ HEIMHEHHOCTH NpY BOCIPUATUH 3BYKa: MpHUpaIICHHE
B (oHax, TpeOyemoe A YIOBOCHHS CYOBEKTHBHOW T'POMKOCTH, 3aBHCHUT OT YPOBHS TPOMKOCTH. J{nsi ycTpaHEHHsS
JTAHHOW HETMHEHHOCTH UCIIOJIB30BAIOCH ITpeoOpa3oBanue GoH-coH [7]:
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P00 ecnm P> 40

(P/40)** ccnn P<40

rae S — TPOMKOCTh B COHax.

Orubarolye CrIeKTPOB TOHAJIBHOW M IIYMOBOW KOMIOHEHT CHrHaja B HAcToslIeH paboTe CTPOMIKCH C
MOMOIIPI0  KYCOYHO-JIMHEIHOW amnmpoKCHMMAallMd B KOOpAWHAaTax coH-Oapk. Ha puc. 4 mnpuBeneH mpumep
BOCCTAHOBJICHHUsI TOHAIILHOT'O CIIEKTpa MO ero orubaromieil. Vcrnonb30BaHHEe MCHX0aKYCTUUECKHX KAl CIIOCOOCTBYET
Ooyiee TOYHOW ammMpOKCHMAlMK B OOJACTH HIDKHMX 4YacTOT. McciemoBaHusl TMOKaszald, YTO JUIsi TOHAIBHOMN
COCTABIIIIONICH pedyr YMEHBIICHNE KOJIMYECTBA CIIEKTPATBbHBIX OTCYETOB B orubaromeii Ha 30% He 3aMeTHO Ha CIyX.
B ciydae mryMoBO# KOMITOHEHTHI 3TO KOJIMYECTBO MOXKET OBITh €IIIe YMEHBIIICHO.

S =

4. PacueT BecoBBIX K03()(ULIMEHTOB /i1 B3BeIINBAHUS OIIMO0K KBAHTOBAHHUS

B kauectBe BecOBBIX KOX(QUIMEHTOB IpH B3BEIIMBAHMM OMIMOOK KBAHTOBAHMS HCIHOJB30BAJIHCH ITOPOTH
YaCTOTHOTO MAacKHpOBaHUsS. B oTimume OT MIMPOKO pacHpoCcTpaHEHHOH mncuxoakycrtuueckod mozenun MPEG [8],
paszieNieHHe CHUTHajla Ha TOHAIBHYIO M IIYMOBYIO KOMIIOHEHTHI MO3BOJISIET OOOMTHCH Oe3 OmnpeseNieHHs CTEIEeHH
TOHAJIBHOCTHU. [IpM 3TOM M3BECTHBIE NPaBMIIA MAaCKUPOBAHUS IS CIydacB TOH-MacKHPYET-IIYM H IIyM-MacKHpYyeT-
TOH [5] NPUMEHSUIUCH B «9UCTOM» BHIE: TOPOT MACKUPOBAHUS, PACCUNTAHHBIA 11O CIIEKTPY TOHAIBHOM KOMIIOHEHTBI,
HCTIONB30BAJICS AJIs1 KBAHTOBAHMS LITyMOBOI M Ha000poT. [Ipyroe OTJIMYHE COCTOSANO B TOM, YTO TOHAJIBHBIE MacKephI
(rapMOHHMKH OCHOBHOTO TOHA) HE TPYNIIMPOBAINCH B MpEAENax KPUTHUECKUX MOJIOC, & YUUTHIBAINCH Pa3/eNbHO. 3a
CUET 3TOTO yJaJI0Ch MOBBICUTH TOYHOCTD AJISI CPEAHUX U BHICOKHX T'OJIOCOB.

IToporn MackupoBaHHS BBIYHCIISUTUCH CIIEIYIOIINM 00pa3oM:

N
10%10[ZSF(A/V)*P/' ]‘O%

MT = ATH, +10 7 ,
rne ATH; — 3HaueHue aOCOJIOTHOTO HOpOra CIBINIMMOCTH HAa YacTOTE i-ii KOMIIOHEHTBHI CIleKTpa B pasax; SF —
(GYHKIUS pacmpocTpaHeHus BO30YXIcHUSA NO OaswmwisipHoi memOpane [9]; Af — pa3HOCTh YACTOT i-ii KOMIIOHEHTHI
CIIEKTpa U j-ro Mackepa B 6apkax; P; — MOIIHOCTb j-T0 Mackepa B pasax; O; — cMellenue Mackuposanus [10].

OYHKIMA PacIpOCTPaHEHHS OTPEACIIIach Kak

15.81+7.5(x+0.474)—l7.5\/1+(x+0.474)2/
SF(x)=10 0

CMelieHue MacCKUPOBaHHUS:
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Puc.5. Ilpumep ncuxoakycTHUECKHX PeoOpa3oBaHUi JUIsl CIydasi TOH-MacKHPYeT-LIyM

5. 3akJ/ouenue

IIpuBeacHHBIA CMOCOO ydeTa MCHXOAKyCTHYCCKHMX 3aKOHOMEPHOCTEH IO3BOJISIET IOBBICHTH TOYHOCTH
pacmpesieNieHus] NIyMOB KBAaHTOBAHUS 11 BOKOJICPOB, MCIIOJB3YIONUX MOJENb peueoOpa3oBanus ToH+irym [2]. Ha
pHC. 5 TOKa3aH NpUMep MCUXO0AKYCTHYSCKUX MPEOOpa30BaHUM IS ClTydasl TOH-MacKupyeT-inyM. [Ipu TecTupoBaHNH
MICUX0AKYCTUYECKOM MOJENN PACCUUTAHHBIC MOPOTH KCIOJIb30BAIKMCH JUIi MACKHUPOBAHWS IMOMABIIMX IOJ HHUX
CICKTpANbHBIX OTCYETOB. [IJis MPHBEICHHOrO NpUMEpa HHU3KOYACTOTHAS YacTh CHEKTPA NIYMOBOW KOMITOHEHTHI
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rmoJlaranace paBHOW Hymo. Ilociie 3Toro peyeBOl CHTHAJ 3aHOBO CHHTE3HUPOBAJICS. DKCIIEPUMEHTHI MTOKA3alld, YTO
3aMEeTHOH Ha CITyX JeTpaJalliy KauecTBa CHHTE3NPOBAHHOM peur He BOSHHUKAET.

B nHacrosimiee Bpemst BeneTcsl pa3paboTka KBAaHTOBATEIs, CIIOCOOHOTO 3(P(GEKTUBHO YUUTHIBATH MOTydaeMbIe
BeCcOBbIe KOX((UIMEHTH TPW B3BENIMBAHUM OIMMOOK KBaHTOBaHWs. OH peanm3yeTcss B BHIC HCKYCCTBEHHOM
HEUPOHHOM CEeTH Ha OCHOBE MHOTOCJIOMHOI'0 aBTOACCOLIMATUBHOTO MEPLENTPOHA.
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1. Introduction

Spectral vocoders are normally used for low bit-rate coding (less than 4,8 kbps) [1]. Further bit-rate reducing
and improving the quality of the synthesyzed speech can be achieved by extended employing the methods of
psychoacoustics. The paper suggests new method of using the psychoacoustic laws, which creates better spectrum
envelopes and allows precise calculation of the coefficients for weighting parameter quantization errors.

2. Building spectral envelopes

The work employs the model of speech encoding based on tonal plus noise spectral representation of the
speech signal [2]. When building envelopes of the spectrum the following aims were set: reducing the number of the
spectrum samples, improving the quality of the envelope for high-pitched speech, taking into account pscychoacoustic
laws, describing the harmonic spectrum by fixed set of parameters.

It is known that human ear is not equally sensitive to the different frequencies. The Bark-Herz transform was
employed in order to level the spectral resolution the frequency axis [5]:

z = 13*arctan(0.76*f)+3.5*arctan((f/7.5)?),
where f and z — frequency in kHz and Bark respectively.

Human ear percepts energy at various frequencies differently. Along each of the equal loudness level curves
[6] the loudness level expressed in phones remains unchanged and is equal to sound pressure level in dB at 1kHz. The
curves poses the same form and can be be approximated by absolute threshold of hearing by increasing its amplitude.
Thus, the compensation of the energy sensitivity at different frequencies (dB to phon conversion) was implemented in
the following form:

P=D-ATH+ATH, \s,,
where D and P — amplitudes of the spectral component in dBs and phones respectively; ATH and ATH| 1, — absolute
threshold of hearing values [5] at component’s frequencies and at 1kHz in dB:

ATH(f)=3.64 1% —6.5¢U= 4107 4,
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where f — frequency in kHz.
Since doubling of the subjective loudnes requires different phone increase depending on the
loudness level, the following phon to sone conversion is used [7]:

2P0 e P> 40
| (P/40)** econ P< 40

where S — loudness in sones.

Spectrum envelopes of the tonal and noise components in this work are piecewise-linear approximaded in
sone-Bark coordinates. Using psychoacoustic scales enables better approximation in low frequency domain. The
research showed that 30% reducing of number of the envelope samples is not hearable. In case of the noise component
this number can be reduced even to greater extent.

3. Calculating weight coefficients for quantization errors

Weighting the quantization errors was performed through the use of frequency masking thresholds. In
contrast to widely used MPEG model [8], discriminating the signal on tonal and noise components eliminates the
necessity of determining the voicing degree. In this case the known “tone masking noise” and “noise masking tone”
were used in their “pure” form: masking threshold calculated by tonal component’s spectrum was employed for
quantization of the noise part and vise versa. There is another difference connected with tonal maskers (pitch
harmonics). They were not grouped within critical bands. It made possible the quality improvement in middle- and
high pitched voices.

The masking thresholds were calculated according to the equation:

IOgIO[iSF(Af)*Pj ]‘0%
MT, = ATH, +10 |7 :

where ATH; — absolute threshold of hearing at i-th specrum component’s frequency; SF — spreading function of
exitation along basilar membrane [9]; Af — frequency difference between i-th spectrum component and j-th masker in
Barks; P; — power of j-th masker; O; — masking offset [10].
Spreading function was calculated as:
I5.8I+7.5(x+0.474)—17.5«/I+(x+0.474)2/
SF(x)=10 10
and masking offset:
145+ z, tone masking noise case

0 = 2 ,
" 12.0+2.05 arctan(f % )— 0.75 arctan{ff ) 562 J noise masking tone case
where z; and f; — frequencies of the i-th spectrum component in Barks and kHz respectively.

4. Conclusion
The suggested method of employing the psychoacoustic laws increases the pricision of noise distribution for vocoders
that are based on tone+noise speech model [2]. When testing the psychoacoustic model, the calculated thresholds
where used for masking the spectrum samples with lower amplitudes. After that the speech signal was reconstructed.
The experiments showed that the masking does not lead to percepted degradation of speech quality.

The research aimed at creating the quantatizator able of efficient employing the coefficients received by
weighting the quantatization errors is now conducted. The quantatizator is implemented through artificial neural
network built on multilayer autoassociative perceptron.
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