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Pedepat Ilpennoxen MeTo NOBBILIEHHS] IOMEXOYCTOMYMBOCTH NPHEMA PEUEBBIX CUTHAIOB B CUCTEMAX CBsA3M ¢ HenuHelHoi KM B
KaHaJIax ¢ OONBIINM yPOBHEM ITOMEX, KOT/Ia HOSBIISIOTCS HMITYJIbCHBIC TIOMEXH, BOCHIPHHUMAEMBIX Ha CIyX KaK «IeTdKkn». Metox oOHapyKeHust
IIETYKOB OCHOBAH HA CPAaBHEHHU TEKYIIErO ypPOBHsS MEPBOH MPOM3BOTHON PEUEBOro CHMTHama C aJanTHBHBIM moporoM. IIpu mccnemosanum
9} PEeKTHBHOCTH NPEIONKEHHOTO MeToa ObLIO IPOBEEHO OOUIMPHOE MOJENMpOBaHHME Ha KommbloTepe. Ilocne oOHapyKeHHs M KOPPEKIMH
AHOMANLHBIX IU(POBBIX OMHUGOK MPELIOKEHHBIM METOZIOM BEPOSTHOCTh OCTATOMHBIX OMMOOK He TpesbimaeT 107, a Ha CilyX «lemuKu» ucuesnu
MOJTHOCTBIO, YTO MO3BOMIAET HCIOB30BaTh KaHAI, HE YJOBICTBOPAIOMNKA HOpMaM, A7 H(POBOI mepesadn peyn.

BBenenne

B nacrosimee Bpems i niepenadn uGpoBOH pedeBoi WHPOPMAIIUU IMUPOKO HCIIONB3YeTCs HEeITMHEHHAS
HAMITYJILCHO-KO0BOM Momynsiust (norapudmudeckas MKM). MckaxkeHus 3HAKOBOTO W CTapIIMX Pas3psioB HOMEpa
cermenta HenmuHerHoro KM - koxa (aHOManibHBIC IM(POBBIC OIMIMOKK) BBI3BIBAIOT XapaKTCPHBIC HMITYJIbCHEIC
MMOMEXH, BOCIPUHUMAEMBIC Ha CIyX B BHIC «IICTYKOBY». JlomycTumasi BEpOATHOCTh OIMIMOKK COCTaBISCT HEe Oosee
OJIHOTO «IETUKa» B MUHYTY, Poy 100 <10 [1]. CHIKeHME OTHOIICHHS CHIHAI/IIyM B JBa pa3a (Ha 3 AB) NpMBOIMT K
yBeIHueHHIo P, mpuMepHO Ha 3 MOpsiiKa, WK BEPOSITHOCTH OIIMOKH Pom;lO'3 , IPY ATOM MPOUCXOAUT 16 MIETYKOB B
CEKYHJIy, UYTO COBEPIIICHHO HeIomycTUMO. braromapst 00HApyKCHUIO M KOPPEKIMU 3TUX HUMITYJIbCHBIX IIOMEX MOYKHO
JOCTHYL CYOBEKTHBHOTO KAYeCTBA BOCIPHSTHS PEUH, COOTBETCTBYIOIIETO BEPOSTHOCTH OMIHOKH Po,=107+10.
CrnenoBaTelbHO, KOPPEKIUS MIEITYKOB CHIMKAET TPEOOBaHUS K OTHOIIEHUIO CHUTHAJ/IIYyM Ha 2+3 nb, 4TO MO3BOJSIET
YBEIMYUTh JOIYCTUMYIO JUIMHY YYacTKa PEereHepaluu, JIM0O MOBBICHUTH OTHOCHTENBHOE KOJMYECTBO Map Kabes,
yIIoTHsIeMbIX cucteMaMu KM, nmubo ucnosnp3oBath Oolee NemEBbIN KaOeb.

IIpeamer ucciie0BaHUA

IIpemnoxxeHHpIii MeToZ OOHApPYXEHHS IIEIYKOB OCHOBAH HA CPABHEHHHM TEKYIIEro LU(PPOBOTO YPOBHSI
MEepBOIl MPOM3BOMHONW pedr C ABYMS aJalTHBHBIMH LU(POBBIMH IOpOTaMH pa3HOro 3Haka. s HaXOXICHHS
MPOM3BOJHON OepéTcs pa3HOCTh KOJIOB JBYX cocemHux oTcuéroB nuHeiHod WMKM. BenmuwmHa moporos
MPONOPIIMOHATBHA KOAY CPEOHEr0 MOy MEPBOI MPOU3BOMHOW, HAKOIUICHHOMY Ha NPEABIIYIIEM HHTEpBAJC
aHamm3a.

JIJisT KOPPEKIMU «IIETYKOBY» OBUIM KCCIICAOBAHBI J[BAa BHAA HHTEPIOJNAIMU: HYJICBOTO IMOPSIKA, T.C. KOI
O00HAPYKECHHOTO IMOPAKEHHOTO OTCYCTa 3aMEHSACTCS KOIOM MPEIBLAYIIEro, W IEPBOr0 MOPSAKa, KOTAa KOJ
MOPAXKEHHOTO OTCcueTa Oepércs Kak IMOJlyCyMMa JIBYX COCEOHHX ¢ HHM. UTOOBI OneHUTh 3()()EKTUBHOCTH BUIOB
HWHTEPIOJIALUHN, OHH CPAaBHUBAIKCH C UACATHHOW MHTEPHOJANUCH OCCKOHEYHOTO MOPSIKA, KOT/Ia KOJ MOPaKEHHOTO
0TCYETa 3aMCHSCTCS NCTHHHBIM.

AHOMaJIbHBIE TTU(GPOBBIE ONIMOKH SBISIFOTCS OJAMHOYHBIMH, MOCKOJBKY B IH(PPOBOM TPaKTEe MPOUCXOIMT
IepeMekeHHEe CHMBOJIOB TPYIIMIOBOTO CHTHAJ A W IMadyka OMMOOK B TPYMNIIOBOM TPAKTe NPHBOAWT K OIMHOYHBIM
ommnOKaM B MHAMBHIYaNbHBIX KaHamax TU. MeTton oOHapyXeHUS W KOPPEKIHH IIEITIKOB» MOXKET OBITh PeaTn30BaH
B MHOTOKaHaJIbHOM BapuaHTe Ha Bxoje rpymmoBoro ATl no naauBuayansaerx @HY.

Jnst uccrienoBanus 3PPEKTUBHOCTH MPETOKEHHOTO METOJa OBUIO MPOBENEHO OOMIMPHOE MOJIEIUPOBAHHE
Ha KoOMIbIOTepe. Ha mpuMepe msaTH MYXKCKHX W TPEX JKEHCKHX TOJOCOB AHATU3UPOBAIOCH BIMSHHE IOPSIKA
HWHTEPIIOJIALUY, BEIMYHHBI TOPOTOB OOHAPYKECHUS OIMIMOKH, JITUTECIBHOCTH MHTEpBaa aHalliN3a, BUAa CUrHaia (pedyb
WK TIay3a), a TaK )K€ BEPOSATHOCTH ONIMOOYHOTO MPHEMa CHMBOJIA B KOJJOBOM KOMOWHAIIHH.

B ortpeskn peun mmmHOH 1 MumyTy (0Komo 500 Thic. oTcuéToB, T.e. 4-10° GHT) BHOCHIHCH OIHHOYHBIC
ciyuaifHbIe OMMOKH C BEPOSTHOCTBIO Py, = 107 +10™. MHTepBan anammsa m3mensuics ot 4 mcek (32 orcuéra) 10 16
Mcek (128 orcuéroB). BemuumHbl MOporoB oOHApY)XEHHSI M3MEHSUIMCh B JauanasoHe oT 1 g0 6 cpeaHux momyien
MepBOi MPOU3BOAHON curHana. ONTUMU3UPOBATIACH BEIUYMHA IMOPOTOB B 3aBUCHMOCTH OT BHJIA CHTHaja (MYXCKOH
TOJIOC, )KEHCKHUH TOJI0C, TTay3bl PEYn).

O PeKTUBHOCTE OOHAPYXKEHHS W KOPPEKIHH <«IIETIKOB» OIEHWBAIACh 110 OTHOCHUTEIBHOMY YPOBHIO
OCTaTOYHBIX [ITyMOB .

P webIX 2 N ( )2

6:P—’ My = Z(xi) ) Myyeblx = Z Xi ~Xi([.p)) » TAC

eX i=1 i=1
X; - UCTUHHOE 3HAYEHUE -T0 OTCUETA CHTHAIA,
Xi(ucnp)- BETMYUHA OTKOPPEKTUPOBAHHOTO OTCYETA,
N - obuiee KOIMYECTBO OTCUETOB.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Puc. 1a Puc. 16

Ha puc. 1 npencraBnensl guarpamMmbl OTHOCHTEIBHOIO YPOBHSI OCTATOUHBIX IIYMOB JJIi MHTEPIOJSLMU
HYJICBOTO, TIEPBOTO W OECKOHEUHOIO Mopsiika. PedeBoil cHUrHanm MMeeT OOJNBIIYI0 M30BITOYHOCTh U Pa3HOCTh MEXKIY
COCEIHUMU OTCUéTaMu HeBemuka [2]. OTHOCHTENbHAsS Pa3sHHUILA MEXK/IY MCIIONL30BAHMEM UHTEPIOALMHA HYJIEBOIO 1
MIEPBOTO TMOPsJIKa He3HAUYWTETbHA W He mpeBbimaet (1+1,5)nb, a MeXay MHTEPHOAIMSIME NEPBOTO U OSCKOHEUHO
BBICOKOTO MOPSAKOB He mpeBbimaeT 1ab. CxemMoTexHUuecKas peaan3alusi HHTEPIOSIUN NEPBOro MOPsAKAa HAMHOTO
CJIOXKHEE, YeM HYJIEBOTO, CJIEOBATEIbHO MPEANOYTUTENbHEE HCIOJIb30BaTh HYJIEBON MOPSAOK MHTEPHOJSIHU Kak
HanboJee ONTUMATBHBIH.

0 uHTepnonsauusa, Pow 10-4 0 uHTepnonsauua Pow=10-3
0,005 0,006
g 00045 ¢ .
e s 0,004 -\ § g0,005 +
2 20,0035 o =
g 3 2 50,004
< o 0,003 < 3
£ 30,0025 2 30,003
o 3z
E I 0002 g5 3
'5 £ 0,0015 £ 50002
¢ 8 0,001 g 8 5,001
&  0,0005 & '
0 — O S 0 — e —
- n o] o] n w
RS L R - - T -
Benun4YunHa nopora BeJInYnHa nopora
4 Mcek ————— 8 MCEK ------- 16 mcek 4 MCeK —————— 8 MCEK ------- 16 Mmcek
puc. 2a Puc. 26

Ha puc. 2 mokazaHa 3aBUCHMOCTh OTHOCHTEJIHOTO YPOBHS OCTATOYHBIX IIYMOB OT JUIMHBI WHTEpBaja
aHamu3a. BUIHO, 4TO MPU KOPOTKOM HHTEpBaie B 4 MCEK HE MPOUCXOMUT OCTATOYHOTO YCPEIHEHHS, B CICACTBUHU
9TOTO CpEIHHWE MOJIYJIH TPOHM3BOIHON IBYX COCEIHHX HHTCPBAJIOB CHJIBHO OTJIMYAIOTCS M TMOPOT IOJydaeTCs
HEJIOCTOBEPHBIM, & NP UIMHHOM HHTEepBalie B 16 MCEK MpOSIBISIETCS HECTAIMOHAPHOCTh pedd M WHpopmanus o
mopore, TOJy4eHHass Ha MpeAbIAyIleM WHTepBaie, ycrapeBaeT. MHTepBan aHajiM3a AJIMHOW 8 MCEK sBIseTCS
OTNITHMAJIbHBIM.

Hammune Muanmyma rpadukoB puc.l1-3 oOBSCHSIETCS TeM, YTO NMPH HHU3KUX IOPOTax OIMHOKU XOPOIIO
OTCIISKUBAIOTCS, HO TaK K€ MPOMCXOAUT JIOKHOE HCIPABICHUE CAMOTO CHIHaNa (BHOCSTCS YaCTOTHBIE MCKAXKCHUSI -
OCITA0JISAIOTCST BEPXHHUE YACTOTHI), & TT0 MEPE POCTa BEITMYMHBI IOPOra BCE OObIIas YacTh OMTHOOK OKa3bIBAETCS HIDKE
mopora ¥ HE HCIpaBisercs. To ecTh HOMKCH OBITh ONTHUMANBHBIM MOPOT, MPU KOTOPOM KOJIUYECTBO JIOMKHBIX
HCTIPABJICHUH U HEOOHAPYKCHHBIX OIMIMOOK MUHUMAITEHO.
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Puc. 3

IMocne pasmencHus CHTHajda MO TOJIOCAM M OTICNCHHS PEYM OT Tay3 CTalo SICHO, YTO ONTHUMAaJIbHBIC
QIalITUBHBIC TIOPOTH IJIi MYXXCKHX ¥ JKCHCKUX TOJIOCOB IPAKTHYCCKH OJWHAKOBHIE U OT MapaMETPOB ToJioca HE
3aBuCAT. [ myma B may3ax pedd 1einecoo0pa3HO MPHHATH 0oJiee BHICOKUN MOPOT BEIMYMHOW 5 CPEIHUX MOIYJeH
IIymMa He 3aBUCHMO OT YPOBHS CHTHAJa, Kak 3TO BHIHO U3 PHUC. 3.

ITonaras 3akoH pacnpe/eneH!s MTHOBEHHBIX 3HAUCHHUH NIEPBOM NMPOU3BOJAHON PEYEBOTO CUTHANIA TAYCCOBBIM,
[[eJIECO00pa3HO YCTAHOBHUTH aJaNTHBHBIC TOporun Ha ypoBHe mnopsaka F3Usgpep, e Unepe - 3hdexktuBHOE
(meficTByTOIICE) 3HAUEHUE MTEPBOI MPOMU3BOJHON PEUCBOTO CHTHANA, M3MEPEHHOE HA MPEIBIAYIIeM OTPE3KEe CHUTHAIA.
[TockonbKy U3MepeHHe NeHCTBYIOMET0 3HAUCHHS CIyJaifHOTO MpoIlecca CBSI3aHO CO 3HAYMTENBHBIMU TPYTHOCTSIMH,
ropaszo NpoINE H3MEPHUTH CPeOHUM MOmynb curHana U, NPONOPUHMOHATBHBIA ACHCTBYIOIIEMY 3HA4YE€HMIO. Jlis
rayccoBa Iporecca U3BEeCTHa CBSI3b
Uy = V277" Usoo = 0.8 Usgo

OTcroia onTHMaibHAsS BEIMYHMHA aANTUBHOIO MOPOra JUIS PEYd, M 3TO MOITBEPIKIACTCS Ppe3ylbTaTaMH
obmmpHoro MonenupoBanus Ha I1K ¢ ucmonb30BaHUEM PEaIbHOTO PEYCBOIO CHTHATA M YCPEIHEHUEM TI0 OOJBIIOMY
YHCITYy MY>XCKHX U )KEHCKHX T'OJIOCOB:

UonT = 3 U3¢(1) = 375 U cp

Kak BHIHO M3 BBEIIEIPUBEIEHHBIX IHAarpaMM, peallbHbIe 3HAUYEHHS MOPOTOB COOTBETCTBYIONINE MUHIMYMY
OCTaTOYHBIX IIYMOB, OJIM3KH K TeopeTndecKoMY U,y

Ha pucynke 4a mpencraBieH (pparMeHT pedeBOro CHUTHaNa (CIIOBO «dUeThIpe» JUIHTENbHOCTHIO 0,616 cek,
npuMepro 40 KOWT), B KOTOPBIil ObIIH BHECEHBI OMIMOKH C BEPOSTHOCTBIO Py,=107, 3TO MPUMEpPHO COOTBETCTBYET
160 «memdkamM» B CEeKyHIy (4TO BOOOIIE HEIOMYCTHMO s paboThl mudpoBoro kaHama). [Tocie o6paboTku 3TOTO
CHTHAJIA TIPEIOKEHHBIM METOJOM BEPOATHOCTh OCTATOYHOM OLIMOKH COCTABHMIA mpUMepHO Po,=107, a ma ciyx
MTOJTHOCTBIO MCYE3JIM BCE «INEIYKH» IPHU JTOCTATOYHO XOPOIIEM KadecTBE 3BYYaHUs pedd. VICTpaBICHHBIA CHUTHAI
MIPEJICTABJICH Ha PUCYHKE 40.
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Fuc. 46

BriBobI

IMocne oOHapyxeHHS W KOPPEKIMUA AaHOMAIBHBIX HU(QPOBBIX OMIMOOK MPEIUIOKECHHBIM METOJOM MOXKHO
JIOCTHYh CyOBEKTUBHOI'O Ka4eCTBa BOCIPHUSTHS PEYU, COOTBETCTBYIOIICIO BEPOSTHOCTH OIIUOKH P,,=10°+10°. Ha
CIIyX «IIETYKH» UCYE3aI0T MOJTHOCTHIO, YTO MO3BOJISET UCIOJIB30BaTh KaHall, He YIOBIETBOPSIIOMUNA HOpMaM ¢ Py, =
107+107, nu1s uudpoBoii mepenaun peun.

WHaTeprionsnys HyJIeBOTO MOPSIKA SBISETCS TOCTATOYHO () (HEKTHBHOHN, IPOUTPHIII IO YPOBHIO OCTATOYHBIX
IIyMOB MO CPAaBHEHUIO C HMHTEpHOJsUel mepBoro mnopsaka He mnpesbimaer 1+1,5 nb, a cpaBHuTEensHO C
MHTEPIOJIALUCH OECKOHEYHOTo Topsiaka < 2,5 nb.

JlnmuTenpbHOCTh MHTEpBaia aHanmm3a 8 Mcek (uiau 64 orcdéra) okasajgach ONTHUMAIBLHOM, MOCKOJBKY Oosee
KOPOTKHH HWHTEpBaJl HE TIO3BOJSET JOCTHYb HAAEKHOTO YCPEIHEHUS U aJalNTHUBHBIA TOPOT TOJMydaeTcs
HeNocTOBepHBIM. [Ipu Goiiee NIMHHOM WHTEpBalie aHAIHM3a MPOSBISETCS HECTAIMOHAPHOCTH PEYEBOTO CUTHAIA M
nHpoOpMaIUA O CpeIHEM MOJyJe IEepPBOM NPOW3BOIHOMN, IOJYYCHHAs HA TPEIIICCTBYIONIEM HWHTEpBAe, YXKe
ycTapeBaer.

Jnst peun apanTuBHBIE MOPOTM COCTaBISIIOT 3,5+4 cpenHero Monyiisi MEPBOW MPOU3BOJHOM, YTO
MTOATBEPXKIIAET MPEAIOIIOKEHHE O HOPMAJIBLHOM pachpeesieHH MTHOBEHHBIX 3HAUEHWH TEpBOW TMPOM3BOIHOM
pedeBoro curaana. [Topor B may3ax pedu 1eJiecoo0pa3Ho MPHHATH PABHBIM 5 CPEIHAM MOJYJISM IITyMa.

Crucok nuTepaTypsl
1. T'ypenu B.D., Jlomymmsu IO.I'., Pabunonu I'.B. MmmynbcHo-konoBast MOIYISAIMS B MHOTOKaHAIBHOM
tenedonHol cBs3u. - M.: Csizb, 1973.
2. Porenmreitn M.B. HccnenoBaHue BOKAaIM30BaHHOM pedd U JABYX €€ MHEPBBIX IPOU3BOAHBIX Ha HUHTEpBAJe
JIOKabHOH cTarmonapHocTi. COopHUK TpymoB yueHbIX [loBomkest (Marepwanst HTK TIATH ). Bemmyck Ne 4,
Camapa, 1999.
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THE METHOD OF DIGITAL PROCESSING OF SPEECH SIGNALS WHEN DECODING IN
COMMUNICATIONS NETWORKS WITH LOGARITHMIC PCM
Kuznetsov M. V.
state academy of telecommunications and informaticses
Russia, Samara

Abstract. Offered method of raising noise-immunity a receiving the speech signals in communications networks with nonlinear PCM in
channels with the big hindrance level, when appear pulsed hindrances, perceived on the rumour as «snub». Method of finding the snubs is based on
the comparison of current first derived speech signal level with the adaptive threshold. At the efficiency study of offered method was conducted
extensive modeling on the computer. After finding and correcting the anomalous numerical mistakes probability of offered by the method
remaining mistakes does not exceed 10”, but on the rumour «snub» disappeared completely that allows to use a channel, fail the standards, for the
numerical issue of speech.

Introduction

Garbling the senior bits of segment number nonlinear PCI - a code cause distinctive pulsed hindrances,
perceived on the rumour in the manner of «snubs». Possible probability of error forms not more one «snub» at a
minute, P, <10°. Due to finding and correction of these pulsed hindrances possible to reach a subjective quality of
perception of speech, corresponding probability of error D, =107+10°. Consequently, correcting the snubs reduces
requirements to the attitude a signal/noise on 2+3 dB.

Subject of research

Offered method of finding the snubs is based on the comparison of current first derived speech level with two
adaptive thresholds of different sign. Value of thresholds proportional average modula first derived, accumulated on
the preceding interval of analysis.

For the efficiency study of offered method was conducted extensive modeling on the computer. On the
example of seven men and three women voices was analysed influence of order to interpolations, values of thresholds
of finding an error, duration of interval of analysis, type of signal (speech or pause), and the same way probability
wrong receiving a symbol in code combinations. In the length of speech by the length 1 minute (near 500 thousand
code combinations , i.e. 4-10° bit) were contributed single casual errors with probability De.= 107 +10™*. Interval of
analysis was changed from 4 ms (32 code combinations) before 16 ms (128 code combinations). Values of thresholds
of finding were changed within the range of from 1 before 6 average modulas of first derived signal. Optimized value
of thresholds depending on the type of signal (male voice, feminine voice, pauses of speech).

Efficiency of finding and correction «snubs» was valued on the relative remaining noise level J.

6_ Per.OUT P _i( )2 P _i 2
T op ’ N = X ) . OUT — X; = Xcory) » Where
IN i=1 i=1

X; - a true value i-s code combination a signal,

Xicory- @ value corrected code combination ,

N - amount code combinations.

On the Fig 1a presented fragment of speech signal (word «getbipe» duration 0,616 sek, approximately 40
kbit), in which were contributed errors with probability P.,=107 this approximately corresponds 160 «snubs» at a
second (that in general inadmissible for functioning (working) a digital channel). After processing this signal
probability of offered by the method remaining error has formed approximately D..=10", but on the rumour
completely disappeared all «snub» under sufficiently good a quality of sounding a speech. Corrected signal is
submitted for the Fig 1b.

Conclusions

After finding and correcting the anomalous numerical mistakes offered by the method possible to reach a
subjective quality of perception of speech, corresponding probability of mistake Pe.= 10°+10°. On the rumour
«snub» disappear completely that allows to use a channel, fail the standards with D, = 102+107, for the numerical
issue of speech.

Interpolation of zero order is sufficiently efficient, loss on the remaining noise level in contrast with the first-order
interpolation does not exceed 1+1,5 dB, but relatively with the interpolation of endless order < 2,5 dB.

Duration of interval of analysis 8 ind€ (or 64 counting out) is renderred optimum, as far as more short
interval does not allow to reach a reliable averaging and adaptive threshold is got unauthentic. Under the longer
interval of analysis reveals itself variability speech signal and information on the average modula first derived, tinned
on preceding interval, already grows old.

For the speech adaptive thresholds form 3,5+4 average modula first derived that confirms a suggestion on normal
sharing the instant values of first derived speech signal. Threshold in pauses of speech reasonable to take equal 5
average modulas of noise.
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Word after correcting the mdstakes (interpolation of zero order)

Fig. 41t
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