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MHorve curHanbl, B 4acTHOCTU, pedeBble curHanbl (PC), coctoat u3 keasunepuogmdeckmx (KI)
oTpeskoB. Ha puc.1 npepctaeneH rpaduk 3anvicu 3Byka «a», pas3douTeii Ha KI. Ceoncteo KI1 curHanos
MOXeT OblTb MCMONb30BaHO ANS yNyyweHus ux cpunbtpauum [1-4]. Ons sToro curHan npeobpasyeTtcsi B
n3obpaxeHne, B KOTOPOM I-9 cTpoka ecTb I-i KM curHana. B pesynbTaTe nonydaetca msoBpaxeHue,
koTopoe byaem HasbiBaTb noptpetom curHana (MC). Ha puc.2 npeacraeneHbl NopTpeThl 3Byka «a». lMpu
3TOM GONbLUMM 3HAYEHMSIM CUrHarNa cooTBeTCTBYOT GonbLlume spkocth B MNC.
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Puc. 1. Npaduk 3anuncu 3Byka «a».
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Puc 2. MopTpeTkl 3ByKa «ay.
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OnemeHTbl cTonbuoB MNMC cooTBeTCTBYOT aneMeHTam PC, oTcToswmMM Ha kBasunepuog. MNoatomy B
MC, kpome BHYTPUCTPOYHOW Koppensumu, OyaeT un MexcTpodHas. Ha un3obpaxkeHunm MexcTpoyHas
KOpPPENMPOBaHHOCTb MPOSIBMSIETCA B BMOE BEpPTMKamNbHbLIX MOMOC NPUONM3MTENbHO MOCTOSIHHOW SIPKOCTM.
Uem 3TM nonocbl npsimee, TeM Bbllle cpeaHuin KoaMULMEHT MEXCTPOYHON koppendumn. Hanunuuve
MEXCTPOYHON KOppPEensiuMnm OaeT BO3MOXHOCTb MPUMEHSITb  MeToadbl unbTpaumMnm U300pakeHun K
dunetpauumn PC. lMocne cunetpauumn MNC pasBopaumBaeTcs B NOCNeaoBaTenbHOCTb, KOTOpas U ecTb
oTunbTpoBaHHbIN PC.

Ona nonyyenusa MNC npumeHAnucb OBa MeToda: KOPPENsUMOHHbLIN (puc.2.a) u pas3bueHne Ha
OTPEe3KM OAMHAKOBOW ONUHbI (pyc.2.6—r nomnydeHbl npy pa3duenHnn PC Ha otpeskn anuHbl 98, 100 n 102
COOTBETCTBEHHO). BTOpon meTop ropasgo npoile, Ho aaet NC Hu3koro kadecTBa. XapakTepHo, 4YTo puc.2.a
MMeeT HEPOBHbIN NPaBbI KpaW, TaK Kak AfTMHA KBa3unepnogoB MOXeT OblTb HEMOCTOSHHOMN.

M3-3a Bapuaumm Kl curHanoe nonocbl Ha MC He cTporo BepTuKanbHbl, T.e. 3neMeHTbl cTonbua
OTCTOAT He To4yHOo Ha KI1, nostomy mexcTpouHasa koppenauus [1C  ymeHbllaeTcsd, 4YTO CHWXaet
abhekTNBHOCTL hunbTpaumm nsobpaxerHns. OcobeHHo 3To oTHocuTcs K MNC, nonyyYyeHHbIM pa3drueHnemM Ha
OTpe3kn 0QUHAKOBOW AnuHbI (pyc.2. 6-T).

Ons noBblweHnst acpdeKkTUBHOCTY bunbTpaumm LienecoobpasHo npeaBapuTenbHOe BblpaBHUBaHME
MC, 1.e. NnepemeLLeHNe SIEMEHTOB CTPOK, MPU KOTOPOM cocefHune anemeHTbl ctonbua MNMC otctoAT Ha K.
BusyanbHo 310 OyaeT o3HayaTb cnpsiMiieHne BepTukanbHbix nonoc Ha lMC.

MpepnaraeTca Anst Takoro BblpaBHWBAHWS MPUMEHUTb MyrnbTuananmeHt (M3), T.e. HaxoxaeHue
COOTBETCTBUSA MEXAY OTPE3KaMn COCeOHMX CTPOK.
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Mpouenypa noucka COOTBETCTBUMM MeXOYy COCEOHUMWM CTPOKamMu CBOAWUTCH K crnegyowemy. Ons
OBYX OTPE3KOB B (i—l)-ﬁ n i-n ctpoke MC HaxoguTcsa KoaddUUMeHT koppensaumn. Mpu cpaBHeHUN OTPE30oK

B (i —1)-17| CTpoke «npoberaeT» BCK CTPOKY M HaxoOouTCs 3HaYeHue j*, npyu KOTOPOM Ko3adhpUUMEHT
koppensauMn makcumaneH. Toraa nonaraem, YTO NepBblii OTPE30K B [ -1 CTPOKE COOTBETCTBYET OTPEe3ky B

(l' —1)-|7| CTpoKe C koopauHaTon j * . Takoe cOOTBETCTBUME ONPEAENAeTCs AN BCEX OTPE3KOB i - CTPOKU
(pnc.3). AHanornyHeiM 06pa3oM HaxXo4ATCA COOTBETCTBUSA MeXAY OCTallbHbIMW CTPOKAMUN M300paKeHus.
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Puc. 3. CooTBeTcTBME MEXAY OTPE3KaMu I -i CTPOKMU 1 OTpe3kamu (i—l) - CTPOKM.

Ona dunbTpaumm BbipoBHEHHOrO [1C npuMeHANcs aganTUBHBLIA annpPOKCUMUPOBAHHBIA OUNBbTP
KanmaHa. Ha puc.4 npepnctaBneHbl pesynbtathl unbTpaumm dpasbl «A rotoB pabotatb». YacTtota
kBaHTOBaHuA PC coctaenana 11025 u. OundpoBaHHasa 3anuce PC uckaxanacb agauTuBHbIM GenbiM
LWYMOM U (bunbTpoBanacbh C UCNONb30BaHWEM pa3nuyHbIX cnocobos hopmmpoBaHus NC 1 BbipaBHUBaHMS.

MpumeHeHne koppensiuMoHHOro mMeToda pas3bueHuss aaet otHoweHue wym/curHan (OLWC) nocne
dunetpauumn Ha 4—20 npoueHToB MeHbLlee (no CKO), yem pasbueHue Ha oamHakoBble oTpesku (puc.4.a).
MpumeHeHue M3 k NC 13 oamMHakoBbIX Mo AnvHe otpeskoB PC, noBbiwaeT adhdekTMBHOCTL hunbTpaLnm Ha
10-30 npoueHTOB (puc.4.6). [lpumeHeHne M3 k T1C, nonydeHHbIM KOPPENALUUOHHLBIM METOOOM,
3P PEKTUBHOCTb UNbTPALMM NPAKTUYECKN He noBbiwaeT (puc.4.8).

Takmm obpasom, pa3dbuenHne PC Ha oOTpeskum OAMHAKOBOM [fIMHbI B KOMOMHauum ¢ M3 no
3h(PEKTMBHOCTN  JanbHEenwWen QuNbTpaunMm npakTUY4ecku He YCTyrnaeT KOppensuuoHHOMY MeTony
dopmupoBaHusa MNC: B wupokom gmanasoHe OLWIC (0,5 — 3 no CKO) pasHuua coctaBnsina 1-3 npoueHTa.
Moatomy, koraa TpebyeTcss MMHUMU3MPOBATE BbIYMCIIUTENbHBIE 3aTPaThbl, MOXXHO NPUMEHATb pa3bueHune Ha
paBHble OTpe3ku B KoMbuHaumm ¢ M3.
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Puc.4. 3asncumoctb OLUC nocne counsTtpauumn ot OWC go punbTpaumm: a) cnnowuHas — pasbreHue Ha
OOVHaKOBble OTPE3KM, MYHKTUP — KOPPENSILUMOHHLIN MeToa; 6) cnnolwHasi — pasbueHne Ha oanHaKoBbIE
oTpesku ¢ M3, NyHKTUp — pa3bueHne Ha oanHakoBble oTpe3skn 6e3 MO; B) crnnoLlHasi — KOPPEnsALUVNOHHbIN
mMeTopn ¢ MO, NyHKTUP — KOPPENSLMOHHbIA MeTog 6e3 M3.
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MULTIALIGNMENT IN FILTERING OF SPEECH AND OTHER QUASI-PERIODIC SIGNALS
TRANSFORMED INTO IMAGES

Krasheninnikov V., Kalinov D.

It is possible to use methods of image processing in quasi-periodic signals filtering. For this purpose
every quasi-period of a signal is represented as a row of an image (fig. 1.a). The scan of filtered image is the
result of processing. A column of the image consists of signal elements equally located in their quasi-
periods. Thus there is high vertical correlation of the image (vertical strips in fig. 1.a). It gives the opportunity
to improve the accuracy of filtration relative to usual sequential filtering.

Because of quasi-period duration variation rows of the image have different length and right edge of
the image in fig. 1.a is not straight what disturbs the processing. Beside of this, errors in the division of the
signal into quasi-periods decrease vertical image correlation and accuracy of filtration makes worse. For
example, the division of a signal into equal intervals gives images like in fig. 1.b-d, where strips are oblique
and very wavy. But it is very easy to form such images.

To improve the filtering of images of signals (especially incorrectly formed like in fig. 1.b-d) the
method of multialignment is used. It gives the possibility to find the correspondence between the elements of
different rows equally located in their quasi-periods. The correspondence is taken into account in filtering. It
almost equivalent to image alignment — oblique strips become more straight and vertical. The procedure of
multialignment is mach simpler than precision signal division into quasi-periods.
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Fig. 1. Images of sound «ah».

The adaptive pseudo-gradient approximated Kalman filter was used for filtering of images. The
parameters of this filter are controlled using stochastic approximation according to prediction error.

The stochastic simulation shows that the efficiency of signal filtration with multialignment is only 1-
3% lower than with precise signal division into quasi-periods.




