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Pedepar. B gaHHon paboTe npegnaraetcsi KOMOVMHUPOBAHHbIA METOA MOAABIIEHUS 3XO
CurHana u LYMOB OKpYXaloLlel cpefbl Ha OCHOBE CMEKTParibHOro BbIMUTaHWUSI YYUTLIBAOLLMNA
NcuxoakycTuyeckme OCODEHHOCTM BOCMPUSATUS YernoBeka. [laHHass cucTtema OCyLLeCTBNSET
006paboTKy curHama TONbKO B 4acTOTHOWM o6nactv, 4YTO NO3BOMSET 3HAYUTENBHO CHU3UTb
BbIYMCIMTENbBHYIO CIOXHOCTb anropMTMOB, MO CPaBHEHWIO C peanu3aunern BO BPEMEHHON
obnactn. B paboTe onucbiBalTCA pes3yrnbTaTbl MOAENUPOBaHUA paboTbl CUCTEMBI, a TakKke
NPOBOAMTCS CPaBHEHUE C APYTMMU MOOXOLAMM K peLleHnio Npobnembl 9X0 1 WyMa NOAaBMAEHUS.

BeeneHue

NpomkoroBopsilwasi cesas3b (hands free) ¢ kaxgbiM rogoMm HaxoguT Bce Oonbliee u Gonbluee
npuMeHeHne B MoOBUNbHbIX cuctemax. OCOBEHHOCTbIO AaHHOro BMAa CBSA3WU SIBNSAETCHA MCMNOMb30BaHWe
BMECTO TpaguUMOHHOW TenedoHHOMW TPYyOKM CUCTEMbl BCTPOEHHbIX B MNaHENW  ynpaBreHus
HeHanpaBneHHbIX MUKPOOHOB U FpOMKOroBoputenen. B pesynbTate Ha BXO4 MUKpOdhoHa NpUXOAUT He
TONbKO peYb FOBOPSILLEr0 YeroBeka, HO WU MHOFOKPATHO OTPaXKEHHbI CUrHam OT FPOMKOroBOpUTENEWN
(akycTnyeckoe 9x0) 1 pasnuyHble LLYMbl OKpYKaloLen cpefbl. TO AenaeT HEBO3MOXHbIM MCMOMb30BaHUe
rPOMKOroBOpsiLLMX cucTeM 6e3 crneuuwanbHoro obopygoBaHWs AN MOOABIEHWS 9XO CUrHana M LymoB
oKpyxatoLen cpebl. AHanm3 pasnnyHbIX BapMaHTOB NOCTPOEHUS AaHHbIX cMCTeM npoBeaeH B [1].

B paHHon paboTte npegnaraeTcs BapMaHT KOMOUHMPOBAHHOW CUCTEMbI MOAABMEHNST X0 CUrHarna u
LWYMOB OKpyXKalLen cpedbl B KOTOPOW OTCYTCTBYeT OTAenbHas noAcuctemMa MOAaBMEHUS d9xa U
NnofdaBrneHne BCEX UCKaXKaloLMX COCTAaBMSIOWMUX BXOAHOMO CUrHana OCYyLLEeCTBMSETCH Ha OCHOBE meToda
CMEeKTpanbHOro BbIYMTaHUS C MCMXO0aKyCTUYECKON MOTUBaLMEN.

Cuctema nogaBneHus 3xa v LWYMOB OKpyXatowen cpeabl Ha OCHOBE MeToa CneKkTpanbHoro

BbIYMTaHUA C NCUXOAKyCTUYECKON MOTMBaLMen

Bnok cxema npegnaraemon cuctemsbl nokasaHa Ha puc. 1. [laHHaa cucTtema yaansieT LWyMOoBble
3X0 COCTaBMsAOLWME M3 BXOOHOIO CUrHama YMHOXasi BXOOHOW CUrHanm Ha B3BeLUMBAOLLYO (YHKLMIO.
BaBelwmBatoLwas yHKUna HoNP [2] B MOMEHT BpeEMEHN n HAaXOAUTBCHA HA OCHOBE CMEKTPanbHOM NOTHOCTU
MoLHocT (CIM) WyMOBOIM COCTaBMSIOWEN CUTHama M CrnekTpanbHOM MIOTHOCTU aKyCTUYeCKOro 3xa C
Yy4ETOM MCUXOaKyCTUYECKMX OCOBEHHOCTEN BOCMPUATMS YenoBeka.

2 (N, F)C0 +Se(n P, S;(n, f)
S.(n, f)+Sy(n, f) S,(n, f)+S,(n, f)’ 1)

roe {, 1 {— Tpebyemblil YpOBEHb LyMa M 9Xa COOTBETCTBEHHO, Sy(n) — CMM wyma, Sy(n) — CMNM
3Xx0 curHana, St(n) — abContoTHLIN NOPOr MackMpoBaHus, f — HOMep oTcyeTa YaCTOTHOW XapaKTEPUCTUKN.
MeToavka nonyyeHWss abCOMOTHOrO MOpora MackupoBaHust npueedeHa B [3]. [Ana HaxoxaeHus
B3BeLUMBaOLLEN (PYHKUMIO Takke HeoBXOAMMO 3HaTb CMeKTparnbHYl0 MAOTHOCTb MOLLHOCTW LymMa U 9XO
curHana.

Ons oueHkn CIM wyma obbl4HO ucnonb3yeTcs NMBo MeTod MUHMMAarbHOW CTaTUCTUKKM, NMBo
anropuMTM OLEHKN CMeKTpanbHOW NNOTHOCTM MOLLHOCTU B peyeBbixX naysax. B npeanaraemon cucreme ans
OLEHKN MOLLHOCTM LUyMa UCMNOfb3yeTcs BTOPOW METOA.

IOna oueHkn CIIM wyma cHadana paccyMTbiBAa€TCsl CpedHee 3HAYeHWe MOLLHOCTM BXOLHOrMO
CUrHana Bo BpPeMS peyeBblX nays S,, no dopmyne

s (nf) o (5,(n, f)+(1-0a)5,(n-1f), slence=1
nl = |:| . ]
& [ S, (n-1f), slence=0 2)
rae Sy(n) — cnekTpanbHas MAOTHOCTb MOLLUHOCTW BXOAHOrO curHana y, [ — KoadduumeHT B
aunanasoHe [0;1], S,(n) — HoBoe 3HayeHune cpepHero CIIM BxogHoro curHana, S,(n1) — npegblayliee
3HauyeHue S,,, silence — ynpaensoWnMii curHan OT AeTeKTopa TULIMHbLI, KOTOPLIN MpUHMMaeT 3HadveHue 1

ecnn OTCYTCTBYET peyeBas akTMBHOCTb M 0 — B npoTmBononoxHom cnyyae. CMM wyma S, HaxoguTcsa Ha
OCHOBe S,, No opmyre

S.(n, f)=min(S,(n,f), S,(n,f))

CneKTpaany}o NSOTHOCTb MOLLHOCTW 9X0 CcuUrHana Sy MOXHO npeacTaBuTb

H™°(n, f) =min

3)
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N
S,(n, f) =S W(, f)B, (n-i, f), "
=
roe N — onpegenseT MakCMManbHYl OMAWMTENbHOCTb 3X0 curHana, W; — KO3(hdULMEHT,
XapakTepusylwun ocriabneHne curHana B pesynbTaTe MHOrOKpaTHOrO OTPaXEHMS1 U MOrfoweHnss B
MOMEHT BpeMeHMU n-i. Takum obpaszom matpuua W xapakTepmsyeT akyCTUYECKyt0 0OCTaHOBKY MOMELLEHNS.
dopmyna (4) mncnonbdyetca anga pacdeta CIM axo curHana B npegnaraemom metofe. Ans
HaXOXOEHUSA aKyCTMYECKOM XapakTepuUCTMKN nomereHns W ncnonb3yetcs MeTod HauCKOpenLero cnycka,
a B 4aCTHOCTM HOPManu3oBaHHbIN MeTod HauMmeHblumx kBagpaTtoB (HMHK). Beibop gaHHoro metoaa
obycnoBneH Tem, 4YTO OH WMeeT HaMbOomMbLUYyID CKOPOCTb CXOAMMOCTU MO CPaBHEHWO C ApYrumu
MoAMdUKaLMaMmM MeToa HanckopemnLero cnycka.
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Puc.1. OLI,HOMMKpO(bOHHaﬂ KOM6I/IHI/IpOBaHHaF| cucTtemMa nogaslieHUd axXxa U peaaktTupoBaHUA WymMa Ha
OCHOBE MeTo[a cneKkTpalsibHO BblHUTAHUA C I'ICMXOﬁKyCTI/I‘-IeCKOI;I MOTMBaLMEN.

B HavanbHbIi MOMEHT BpemeHu MaTpuua W coaepXuT Hyresble 3HauveHus. [pu o6paboTke Kaxzgoro
Grioka BXOOHOrO CUrHana, €crniv roBOpMT TOMNbKO yAaneHHbl AuKTop, Matpuua W KoppekTupyeTcst no

dopmyne
HIGS, (n,i) =Sy (n,i)) BB, (n - j,i) OH
2 1 6
IS, (n=1)] a

roe 1 — KoadpuLUMEHT CXoaMMOCTHM anroputma B gnanasoHe [0;1].
Bbrnok cxema cuctembl oueHkn CINM axo curHana nokasaHa Ha puc.2.
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Puc. 2. cuctembl oueHkn CIM axo curHana.
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3aknroyeHune

Beino nposBegeHo mogenvpoBaHve paboTbl ABYX CUCTEM MOOABIIEHMS 3Xa U LUYMOB OKPYXatloLLEen
cpefbl. a TpeTbs — Ha CXxeme nokasaHHoW Ha puc.2. B nepeon cucteMme Ans NogasrfieHust 3X0 CurHana
ncnonb3oBancs aganTtuBHbI unbTp Ha ocHoBe HMHK anroputma, a BTOpasi 6bina NOCTpoeHa Mo CXxeme
nokasaHHomn Ha puc. 1. MNapameTpbl cMCTEM criegylowme: yactoTa auckpetmsauum 8 kl'y, pasmep 6noka —
32 otcueta, anuHa AMN® — 256 (BpemeHHasa 3agepxka He 6onee 0,01 c), nopsgok dwmnbtpa N=1120
(anutenebHocTb 3xa 0,14 c).

PesynbTaTel MOOENUPOBaHUSA MoOKa3anu, 4TO BCE CUCTEMbl MO3BOMSET MONyYUTb MPUMEPHO
ofMHaKoBoe ocriabneHue axa nopsaka ERLE=30-35 gb n ocnabneHue ypoBHs Wwyma Takke nopsigka 30-
35 nb. BTopbiM kpuTepmemM cpaBHEHUS OaHHbIX CUCTEM SABMANAach BblYUCNUTENbHAA CNOXHOCTL. Cuctema
Ha OCHOBE CMEeKTPanbHOro BblUMTaHUS MMeeT B 22 pas3a MEHbLUYI BbIYUCAUTENbHYI0 CNOXHOCTBIO MO
CpaBHEHMIO C anroputMom Ha 6asze HMHK.
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METHOD OF ECHO CANCELLATION AND NOISE REDUCTION ON THE BASIS OF SPECTRAL
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In the given paper the variant of the combined system of an echo and noise cancellation is
presented. In proposed system cancellation of an echo and of all noise components is carried out on the
basis of a method of spectral subtraction with psychoacoustics motivation. For suppression of noise and
echo components the input signal is multiplied on weighing function. Weighing function HoNP [1] at the
moment of time n is calculated on the basis of the power spectral density (PSD) of signal's noise
component and of the power spectral density of acoustic echo taking into account the psychoacoustics
features of the human perception.

HJND(n,f):minﬁﬁn(nif)Zn+Sd(n!f)zd +\/ ST(n!f) 11E
S, 1)+S,(n,f)  \S,(n f)+S,(n,f)

where ¢, and {, — required noise and echo levels accordingly, S,(n) — PSD of a noise signal, Sq(n)
— PSD of an echo signal, Sy(n) — absolute masking threshold, f — number of a sample of the frequency
characteristics. The technique of calculating the absolute masking threshold is given in [2].

The method of the PSD estimation during speech pauses is usually used for an estimation of the
noise PSD. For this purpose an average value of the input signal spectral power during speech pauses S,,
is calculated by the formula:

1)

S (n f)_m[Sy(nlf)-'-(l_a)[Sav(n_l’f), silence=1
v _E S,(n-1,1), silence=0' 2)

where Sy(n) — PSD of the input signal y, [1 — a coefficient from the set [0;1], silence — output signal
from the silence detector, which is set to 1 if there is no speech activity and to 0 in other case. PSD of noise
S, is calculated on a basis of S,, by the formula:

S.(n, f)=min(S,(n,f), S,(n,f))

Power spectral density of an echo signal Sy can be presented as:
N

Sq(n, f) =S W(, f)B, (n-i, ), "
1=
where N defines the maximum duration of an echo signal, W; — coefficient describing attenuation
of a signal as a result of repeated reflecting and absorbing. Initially the matrix W must contain zero values.
While processing each block of an input signal, the matrix W is corrected according to the formula below
only when the far end user speaks.

3)

LS, (n,i) =S, (n,i)) B, (n=j,i) H
NE , 0 5)
S, (=) A

where | — coefficient of algorithm convergence in the range [0;1].

The modeling results show that the system allows echo attenuation around ERLE = 30-35 dB and
noise attenuation level around 30-35 dB. System parameters are as follows: sampling frequency is 8 kHz,
the block size is 32 samples, FFT length is 256, and the filter tap is 1120.

Wi, J) =maXE{N(i,J')+
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