YYEHBIE 3ATINCKI KABAHCKOT'O TOCYIAPCTBEHHOI'O YHUBEPCUTETA
Towm 150, xH. 1 DU3NKO-MaTeMaTHIECKUE HAYKH 2008

VIIK 004.93-021.64

PA3J/IMYEHUE JIBYX JNKTOPOB II0 KOPOTKIM
®PASAM METOJAMUN OBPABOTKU N30BPAKEHUU

E.JI. Cmonos

AnaHoTanus

B pa6ore npepnaraercs aJropuT™, MO3BOMIONIMIA PAa3/ddaTh JABYX IUKTOPOB IO IPO-
n3HeceHHbIM (dpazam. Vmeercs HADOP KOPOTKUX 3BYKOBBIX (DAilIOB, MPUHAIEKANIUX IBYM
nukropaMm. Cpemn stux daityioB nmeiorcs a8a F, G, 0 KOTOPBIX M3BECTHO, UYTO OHU TIPUHAI-
Jiexkar pasHbiM aukTopam. He mpermonaraercs, 9ro yka3aHHble (aiyibl COOTBETCTBYIOT OIHOMN
u TOi ke ¢paze. Tpebyercda onmpemesuTh TPUHAIIEKHOCTH OCTATBHBIX (hANTOB M3 MHOMKe-
CTBA. 3a/1a9a PENaeTcs ¢ MOMOIIBIO ATMTPOKCUMAITNN (DPArMEHTOB CIIEKTPOTPAMMBI BEHBJIETAMU
CITENMAIBLHOTO BUA C TOCIeayomeil 00paboTkoit HeHpoHHOU ceThio. IIpuBenersr pe3yabTaThi
9KCIEPUMEHTOB ¢ (aiiiaMu u3 3ByKOBOM 0a3bl.

KuroueBbie cjioBa: pas/juyeHue JUKTOPOB, KOpoTKue (dhpas3bl, rpadudecKuil MeTosI,

BBenenue

N nenrudukanus 1ukTopa Mo MPOM3HECEHHOW PEY’ OCTAETCs BEeChbMa aKTYaabHOI
sazadeii. OcuoBHas npobiema uientudukanuu (ayrenrudukanyuu) JMKTOpa 3aK/I049a-
€TCsT B TOM, YTO HEMOCPE/ICTBEHHOE CpaBHEeHMe 3ByKOBOro daiia ¢ 06pa3iom He nMeer
cMmbIcIa. BemeacTBue 3TOro HeOOXOAUM TIOACYET MO 3aJTaHHOMY (Daiily OMpeseIeHHBIX
CTATUCTHUK, & TAKYKE METOJ IPUHATHAs PEIleHns] Ha OCHOBE BHIYNCIEHHBIX 3HAYCHU ma-
pamerpos. B cBoto ouepenb, moacUeT CTAaTHCTUK BO3MOXKEH IMOCTE BBIOOPaA KAKOH-THO0
MO/IEJTH, CONJIACHO KOTOPOil mpomayrupyercs: pedb. OOBbIMHO pedeBOil CUTHAT pAacCMaT-
puBaeTcs Kak peajn3alis HEKOTOPOTO CJIyYaiHOTo TpOoTecca, W 3ajada CBOIUTCSA K
OIIEHKE MapaMeTpoB 3TOTO Tmpolecca. [IpuHaTHe pernerus OCYIECTBIsIeTCS HA OCHOBE
3HAYEHUIl HEKOTOPO# (hyHKINN OT HANJEHHBIX MapameTpoB. B kadecTBe Takoil (HpyHK-
M 9aCTO WCIOJb3yeTCs HeWpPOHHAs ceTh. Kak NmpaBmiio, OTIESbHO PACCMATPUBAIOT
3371291 UACHTH(MUKAIINN JUKTOPA [0 MPOAOIKUTENHHON pedn U Mo KOpoTKoii ¢gppaze. B
MEPBOM CJIy9ae MMEeTCss OOJIBINO HAOOp JAHHBIX JJIs AHAJIN3a, B CBA3U C €M MOXKHO
UCTIOJIB30BAThH CJIOYKHBIE MaTeMaTH4IecKue mojean. Hampumep, B 3amadax pacmno3HaBa-
HUsI PeY¥ OCHOBHON MOJIEIBIO CTAJIa MOJETh CUTHAJIA HA OCHOBE CKPBITHIX MAaPKOBCKUX
neneii. OmeHka mapaMerpoB TaKo# MOJEN B HACTOsAIIEe BpeMs pa3paboTaHa J0CTaTod-
HO XOPOIIO, MO3TOMY U JJid 33a49d WICHTU(UKAINYA JIUKTOPA OBLT UCHIOJIH30BAH TOT
ke noaxon. Peanuzanus 510it uiaen npejcrasiena B [1]. Ogaako oCHOBHOIN MOZIEBIO,
MPUMEHSIEMOI /1151 HAeHTU(DUKAIINN TUKTOPA, CTAJIA MO, COTJIACHO KOTOPOil pacipe-
JIeJIEHNEe AMILTUTYIbI UMITYJIECOB PEYEBOTO CUTHAJIA MOYKET OBITH OMUCAHO C TIOMOIIBIO
cMecH rayccoBekux pacnpesenenuii [2]. Cormacto [2] BBIOOpoYHAs IIOTHOCTH P(T) BCEro
curHasia b0 OTJETbHBIX IOJIOC, BBIAEJIEHHBIX IPEOEHKOM (DUIbTPOB, ANMPOKCHMUPY-

€TCd CMECBhIO
p(E) = brgi(®),
K

rae gip(Z) — TIOTHOCTH HOPMAJILHOTO DACTIpeseieHnst HeKOTOpoil pasmeprocTn D,
> b, = 1. Unentndukaimst [MKTOPa CBOIUTCS K BHIYUCIEHHUIO TAPAMETPOB CMECH: TIOJI-
k

cuery KO3 PUIMEHTOB U OIEHKE CPEIHEr0 W KOBAPHAIIMOHHON MATPHUIIBI /11 KazKI0TO
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u3 pacnpenenennii. B ocHoBononaraormieit pabore [2] B KauecTBe 3HAYEHWIT TapaMeTPOB
OepyTcs OMEHKH MAaKCHMAJILHOrO mpasaononodus. [locme 3Toro mogBuamnch MHOTOYHC-
JIEHHBIE CTATbH, B KOTOPBIX MPEI0KEHbI PA3INIHbIE METObI OIIEHKH TAPAMETPOB CMeCH
U PeIraroIiue MpaBuia Ijis WJIeHTH()UKAINN.

Nuas curyanusi CKJIaIbIBAETCSA B CJIydae, KOUJAa MCXOTHBIM MaTEpPUAJIOM SBJISIETCS
HEOOIBITOM (hparMeHT, COCTOSANININ U3 OTHONM MJIN HECKOJBKIX KOPOTKUX (hbpa3. OueBn -
HO, 9TO JOCTUIaeMasi JOCTOBEPHOCTb PE3YyIbTAaTa B TOM CJIy4ae 3HAYUTETHbHO HUZKE.
B sTom psiay oTaenbHO CTOMT 3aada HACHTH(PUKAIINA JUKTOPA IO MapoabHOit ¢dpa3se,
KOIJIa W3BECTEeH MPOU3HOCUMBINH TEKCT. 3/1eCh MPenoIaraercs HATUIHe ONpPeIeIeHHOM
CTATHCTHKH, TIOCKOJIBKY (Dpasza MpOM3HOCHTCS MHOTOKpaTHO. Tak, B pabore [3] BBOAUTCS
MOHATHE 0CO00M TOUYKM B 3BYKOBOM (haiijie, OTBEUAOIIEM MapOJILHOM hpase, u n3ydaer-
cs pacmpesesienne 0coObIx Touek B (paiie. g naenrudukannm IHKTOPa M0 KOPOTKUM
dpasam mpeaTaraeTcsa TakzKe HCIOb30BATh aHaMn3 (aiiia Ha YPOBHE OTIALTLHBIX (PO-
nwem. B paGore [4], nanpumep, npemjiaraercsa MoJeJib, TJe JJis OIEHKU PACIPeIeIeHus
AMILJTUTY/T B TJIACHBIX 3BYyKaX TPUMEHSETCST MHOTOMEPHOE TayCCOBCKOE pacnpeeienne. B
pabote [5] ncronb3yercst HEHPOHHAS CETh, KOTOPasi TPEHUPYETCsT JJist PA3JIENeHUs TUK-
TOPOB Ha OCHOBE aHAJIN3a MPON3HECEeHNsT OTAeIbHBIX (oHem. B pabore [6] mpeyiaraercs
OoJiee MOMHBIN HAOOP XapaKTEPUCTUK 3BYKOBOTrO (haifia, BKIIOYAIOIIAN CIIEKTPATbHBIE
u kencrpanbubie Kodddurmentsl. K 3TuM 3HaYenusM npuMeHseTCs MeTOJ [JIABHBIX
KOMIIOHEHTOB, TIOCJI€ Yero PelleHne TPUHUMAETCs HA OCHOBE AHAJIN3a BEKTOPOB MAJIOi
Pa3MEepHOCTH.

HecvoTps mHa obuame moaxo0B, 331349y WACHTH(DUKAINNA JUKTOPA MO KOPOTKUM
dpazam HeMb3s CYUTATH PEMIEHHON. DTO CBA3AHO C MPUHIIUIUATBHBIMU TPYIHOCTAMU,
BO3HUKAIOIUMU IPU U3BJICYCHUH XaPAKTEPHBIX [TAPAMETPOB U3-3a HEIOCTATOYHOCTH Te-
croBoro marepuasa. Hampumep, amanu3 Ha ocHOBe (GoHEM 007aTAET CYIECTBEHHBIM
HEJOCTATKOM: OTCYTCTBYET OOBEKTHBHBIN KpPUTEpW OnpemeneHus rpanut daiiaa, or-
BeJaloIero Aanuoit ¢poueme. Besreacreue 3100, TakMe TPAHUIBI TPU PASHBIX MOIXOIAX
K BBIJEJIEHUI0 OKA3BIBAIOTCS PA3HBIME, YTO 3ATPYIHSAET MPAKTHIECKOE MCIOIH30BAHNE
YKA3aHHOT'O MOIX0/1a. B 3TOl CBA3M MpeiCcTaBisdioT HHTEPEC METOAMKH, CBOOOIHBIE OT
YKA3aHHOT'O HEIOCTATKA.

B nmammoit pabore peraercs 6oJiee mpocras 3amada. veercs Habop KOPOTKUX 3BY-
KOBBIX (haNJIOB, TPUHAJIEKAIINX JABYM pasaudabiM auktopam. Cpenm stux daiiion
UMEIOTCs JIBA, PO KOTOPBIE W3BECTHO, UTO OHU MPUHAJIEKAT PA3HBIM JUKTOpaM. He
[IPE/INOIaraeTcs, ITO yKa3aHHbIe (ailibl COOTBETCTBYIOT OHOI U Toi# Ke ¢dppasze. Tpe-
Oyercs OIpesesIuTh MPUHAIIEZKHOCTb OCTAIbHBIX (DaitioB u3 MuOXkecTBa. Ul aes npeia-
raeMoro ajJropurMa COCTOUT B CleAyiomieM. 3ByKoBoil (aiin pazdbusaercsa na (pparven-
Tol. [1o KaxxIOMy (DparMeHTy CTPOUTCS CIIEKTPOrPAMMA, SIBJISIONIASCS MOBEPXHOCTHIO.
[Monyyernnasi MOBEPXHOCTH AMMPOKCUMUPYETCS HEKOTOPBIM CTAHIAPTHBIM 00pa30M, B
pe3yabraTe Yero 3Ta MOBEPXHOCTh OMpPeesseTcss MajblM ducjoM mapamerpos. [locie
9TOrO CTPOUTCSH HEHPOHHAs CETb, KOTOPAsi MO BHIYUCIEHHBIM BEKTOPAM PA3JIAIAET I0-
BEPXHOCTH, IOCTPOEHHBIE IO COOTBETCTBYOmuUM baitram. [Iasg 3T0oro cerb TpeHupyer-
¢ Ha U3BECTHHIX haiiylax Tak, YTOObI OHA TMPWHUMAJA 3HadeHne —1 HA (parmeHTax
daiina nepsoro ankTopa n 1 Ha dpparmenrtax ¢aiima Broporo nukropa. Hakownerr, Bce
ocrasbable (halbl 13 HAOOPA KIACCUMDUIUPYIOTCS B 3aBUCHUMOCTH OT 3HAYEHUI, HAli-
JIEHHBIX HEHPOHHOH CeThio M 3TuX (aitnos. Peanum3anusa aaropurMa B paMKax Mpes-
CTaBJIEHHOU HWJEH IPE/IIOJIAraeT BLIMOJHEHNE IOMOJHUTEIbHBIX YCIOBUIl: PE3YIbTAThI
HE JIOJIZKHBI 3aBUCETH OT KO3 uImenTa ycujienns anmnaparypbl; BausHue (GOHOBOrO
IyMa, TOJI?KHO OBITH CBEIEHO K MUHUMYMY; CYIIECTBYeT BO3MOYKHOCTH yUeTa BIIUSHUS
MOJIOCHI TPOIMYCKAHWS KAHAJIA CBSI3M, MCIOJIH30BAHHOTO st 3amucu paitra. OueBw-
HO, YTO HA MPAKTHUKE TPYIHO BBIIOJIHUTH BCE YKA3AHHBIE YCIOBHUs, a U3JlaraeMas HUXKE
MEeTOHMKA JIWIb B KAKON-TO Mepe yI0BJIETBOPSIET OTMEYEHHBIM TPEOOBAHUSIM.
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1. HOCTpoeHI/Ie CIIEKTpOrpaMMBbI U €€ c>KaToe oIlucaHue

Kak ormedasioch BbIle, KOHEYHOE PEIIEHNE O MPUHAIEKHOCTH (ailga omHOMY 13
JIMKTOPOB MPUHUMAETCS Ha OCHOBE 3HAYEHWI HEKOTOPOH HeitponwHoii cetn. Heitponnas
ceTh WMeeT CTaHIapTHYIO cTpyKTypy [8]. Ecam Ha BXOm ceTm mocTynaer HEKOTOPbIi
BEKTOD-CTOJIOEI] v, TO HA BXOJ HEHPOHA C HOMEPOM Kk IOJAeTCd CUTHAJT BUIA S =
= Wy, * v+ ay, . 3/16Ch BEKTOP-CTPOKA W), U YUCIO A MEHSIOTCA B MPOIECCe TPEHUPOBKU
ceru. Heiipon ¢ Homepom k npeoGpasyer nosydeHHblii curiasn B aucio ux = f(sy), rue
f — mekoropas dbynknus. JIuueiiHas cBepTKa 3HAYEHUI Uj , BHIDAODOTAHHBIX HEHDOHA-
MU OJHOTO CJIOsi, TIOMAETCS HA BBIXOJ CETH JUO0 HA BXOJ HEHPOHA CJIEIYIOIIErO CJIO.
IIpu sToM K03 PUIUEHTHI CBEPTKH TAKKe MEHSAIOTCSA B TIPOTIECCe TPEeHUPOBKH. Kark 1brit
3BYKOBO# (aii pa3buBaeTcsa Ha OTAeNbHBIE MEPEKPBIBAIOITHECS (PPATMEHTHI, HAXOIT-
cs COEKTPBI 3TUX (HPArMEHTOB, a HA BXOJ CETU MOJAIOTCS BEKTOPHI, XaPAKTEPU3YIONINE
CTIEKTPAJIbHBIE CBONCTBA KAaYKJIOTO U3 HalmeHHbIX (parMeHToB. ITockoabKy mporeaypa
pPACMO3HABAHUST OPUEHTUPOBAHA Ha (DAMJIBI MAJION JJIUHBI, YHUCIO YKAZAHHBIX BEKTO-
poB Takke Oymer HeOOabINM. J[7Is TOrO 4TOOBI B 9TOM CIy4Yae TPEHHPOBKA, HEHPOHHOI
cetu ObLTa KOPPEKTHOMH, CIeAyeT OrPAHUYUTH PA3MEPHOCTH ITUX BEKTOPOB TaK, 9TO-
OblI 9KMCJIO0 BEKTOPOB 3HAYUTE/IHLHO MPEBBIMAI0 UX pa3MepHOCTh. B mporuBHOM Cciiydae
UCTIOJIb30BAHNE HEHPOHHOW CETU TePSieT CMBIC, MTOCKOJIbKY, KaK CJIEIYeT U3 OMpeese-
HUA HUCMOJB3YyEeMOU CeTH, MeJI0 CBeNeTCA K MOCTPOEHUIO JUHEHHON JNUCKPUMWHAHTHON
dbyHKITA.

[Tepeiimem kK aaropuTMy IOCTPOEHUS BEKTOPOB, AMMPOKCUMUPYIONIEMY CIIeKTD (bpar-
MenTa. Bce dpparmenTsl mMeioT omHy W Ty Ke AnuHy L. Buibmpaerca OKHO IIHHDI
W, npumensiemoe it ozcuera npeobpasosanus @ypwe or curaana. OKHO JBUKETCs
BIOb (bparMeHTa, CABUTAsICh KAXKIbII pa3 Ha MOJOBUHY CBOEil MimHbI. JIJIs KayKIo0-
ro MOJIOYKEHWST OKHA TOJCYUTHIBAIOTCS KO3 dunmenTsr Pypbe OT BEKTOPA, TOMABIIETO
BHYTPH OKHA. [[OCKOJIbKY MPE/moiaraeTcs uCroab30BaTh OBICTPYIO CXEMY JIJisi BBIYHC-
Jienusi mpeobpazoBanus, dnciao W Bbibupaercs paBabiM crenenu 2. B pesyabrare omm-
CaHHO mponeaypbl pparMenT 3aMeHseTCs MOCIeJ0BATEIHHOCTHIO BEKTOPOB — HADOPOB
k03 dunmento @ypbe, OTBEUAIONINX OKHAM BHYTpU (hparMeHTa. ITO U €CTh CIIEeK-
Tporpamma dpparmenTta. [T0CKOIbKY UCXOMHBIN CUTHAJ BEIeCTBEHHbBIH U B TaJbHENIIIEM
UCTIONIB3YIOTCSA TOJBKO MOmynu Kodddurmentor Oyphe, MPUHUMAIOTCS BO BHUMAHUE
Juiib nepsbie W/2 4+ 1 u3 naiinenupix 3uadenuii. Quucanue 10y 4eHHON CleKTPOrpam-
MbI (pparmMeHTa B Buae Habopa HalmeHHbIX KodddunmentoB Pypne TpedyeT 3amanns
OOJIBINIOTO YWCJIa 3HAYEHWIH, TOITOMY OHO HE MPUTOIHO /I HEMOCPEJICTBEHHON mogavun
Ha BXOJ Helipouuoit ceru. [loHu)KeHMe pa3MepHOCTH ITOrO OMUCAHUS OCYIIECTBIIAETCS
B HECKOJBbKO 9ramoB. Ha mepsom srame mpumensiercst tabmuma BARK [7]. Cyrs sroit
Tabaunbl 3aKa04aercd B caenyomeMm. CornacHo (pu3noJI0ruIecKuM HaOIIOAEHUSAM, de-
JIOBEYECKOE YXO HE PA3JIMYAET YaCTOTHI, HAXOAAIMNECS BHYTPHU OIMPEIETIEHHBIX MOJIOC
3ByKOBOro crekrpa. Tabmuna BARK zazaer rpanuts a1ux nonoc. O9eBUIHO, 9TO Ta
TabJIuIA OMpeiesIgeT HEKOTOPbhIE YCPeIHEeHHbIe 3Hadennsi. [[oHnKenne pa3MepHOCTH J10-
CTHUTAETCS 3aMEHOM BceX KO MUINEHTOB, OTBEIAOIINX YACTOTAM W3 OTHON TOJIOCHI, UX
CyMMOIi KBaIpaToB MoyJieii (sueprueii). [TockombKy 9eoBek, Kak MpaBujio, MOKET pas3-
JINYATH TAKTOPOB, UCIOJb30BAHUE YKAZAHHON TAOUILI /I MOHUKEHUS PA3MEPHOCTU
HE JIOJIZKHO CYIIECTBEHHO MCKA3UTh KOHEYHBIH Pe3ybTar. TO 3HAYUTETHHO MOHUKA-
€T Pa3MepHOCTh PACCMATPUBAEMBIX BEKTOPOB. Kpome Toro, mpesjioKeHHas mporeLypa
MO3BOJISET MPU KEJIAHWHM OCTABUTH JIWINH HYXKHYIO TOJIOCY CIHEKTPA IS JTaJIbHEHIIEro
uccyjenoBanus. HeobXoauMoCTh TAKOTO ype3aHWsi CIIEKTPa BO3HUKAET, €CJIM MUCXOIHBIN
CUTHAJI TIOJIYYeH M0 KAHAJLY C OTPAHWYEHHON IMUPUHON MpOomycKanus. ['panuibl mosoc
npuBeieHbl HuKe B 1abi. 1. 371ech BepxHsis CTPOKA COAEPKHUT HOMEpPA MOJOC, & CTPO-
Ka TI0J] Hefl — 9acTOoTy, C KOTOPOl HAYMHAETCS MOJIOCA U 3aAKAHIMBAETCH MPE/IbLIyIIas
mmoJroca.
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Tab6m. 1
Tlonocwkt wacror Tabaunsr BARK

Howmep momocsr 1 2 3 4 5 6 7 8
Hauamno nosocer | 100 200 300 400 510 630 770 920
Howmep momocsr 9 10 11 12 13 14 15 16
Hauamo mosocer | 1080 | 1270 | 1480 | 1720 | 2000 | 2320 | 2700 3150
Howmep mosocsr 17 18 19 20 21 22 23 24
Hawamo momocer | 3700 | 4400 | 5300 | 6400 | 7700 | 9500 | 12000 | 15500

m

Puc. 1. ®parmenT crekTpa, cxkaroro ¢ ygerom tadsnisl BARK

Ucnons3yst HOMEDP MOJOCHI U3 TAOIUIBI B KAUYECTBE MApaMeTpa, MOJIydaeM TOBepX-
HOCTB, TJIe TI0 OCH X OTKJIQBIBAETCS TIOJIOXKEHUE OKHA, C TIOMOIIBI0 KOTOPOTO MOICUNUTHI-
Baerca npeoobpasosanne Pypoe, Mo ocu Y OTKIAIBIBACTCS HOMEP TOJOCHI U3 TAOIUIIBI
BARK, a o ocu Z — cymma KBagaparoB Moy ieii koagdunueatros @ypbe, MONABIINX B
onHy mojocy Tabmunbl. IIpumep Takoil moBepxHOCTH TpeacTaBieH Ha puc. 1. B mamn-
HeiftmeM O6y1eM TOBOPWTH, YTO TIOBEPXHOCThH MPeJICTABIEHA MATPUIIEH, 3JIeMeHT m; ;j KO-
TOPOIl OIpeeNsAeT TOUYKY B NPOCTPAHCTBE C KOOPJAUHATAMA %, 7, M j .

Crenyromuit STam ckaTus sBJIseTcs HanboIee TPYI0eMKIM, U JIJIsi €r0 Peaju3alun
MPUMEHUMbI MaPAJIeJbHBIE BHIYUCIEHUsI. DTOT JTAI 3aKJII0YACTCS B ANIPOKCUMAIIAN
[MOBEPXHOCTH, HANJEHHON HA TPEIbIIYIIEM I1are, C TOMOIIHI0 HEOPTOIOHAIbHBIX BEHBJIE-
TOB crierraibHoro Bua. IIporemypa annmpokcuMarys noapooHo onncana B [9], moaromy
371eCh TAINM JIUITH MUHUMAJIbHBIE CBEICHUST, HEOOXOINMBIE /151 TOHUMAaHUS 1A/ IhHeHTIIe-
ro texcra. Kaxkaprii BeitBer onpemensiercs MaTpulieii panra 1 u moIoKeHUEeM MEeHTPA.
IToBepxHOCTH, OTBEUAOIIAS MATPUIIE BEiBIeTA, HIMEET BHUJ, IPEJICTABICHHDIN HA PHC. 2.
CrekrporpamMva (pparMenTa anmpoKCUMHUPYETCst CyMMOR BUIA

R
P=> cP., (1)
s=1

31ech Kaxka0e craraeMoe 3a/1aeTCs PA3MepPaMU MATPHIIBI, OJOKEHUEM TIEHTPa TOBEPX-
HOCTH U KOI(PPHUIHUEHTOM Cg, ¢ KOTOPBIM CJIaraeMoe BXOAHWT B cymmy. pyrumum cio-
Bamu, Kaxko0e caaraemoe B (1) onpexensiercsa narbio ducaamu. [Ipumep nosepxsocry,
MOJIy9eHHOM B pe3y/abTaTe anmpOKCUMAIINN MOBEPXHOCTH HA puc. 1, MpeiCcTaBjIeH Ha
puc. 3. Ucxoanas MOBEPXHOCTh UMEET HOCHUTE Ik, cocToAmuii n3 15 x 60 Touek, a a4
ANMpPOKCUMAIINN TIOBEPXHOCTH UCTO/b30BaHbI 10 craraembrx. Criocob pacmapasiiennBa-
HUs AJITOPUTMA I OTbiCKaHus passoxkenus (1) upencrasien B [9]. Takum o6pasom,
[OJTY 9AETCsT C2KATOE OMUCAHKE CIIeKTporpaMMmbl pparmenta. Hefiporuast cerh TpeHUpPy-
ercs Tak, 9TOOBI OHA pa3iandasia (PParMeHThl, OTBEYAIOIINE PA3HBIM JHKTOPAM.
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Puc. 3. Pe3ynbrar annpokcuMariuy mOBePXHOCTH CYyMMOIl BeiBIeToB

Crenyer nath 000CHOBAHUE IPUMEHSIEMOMY METOJIY CxKaTus crekrporpamm. OCHOB-
Hag mpobJieMa, CBI3aHHAs C UCIOTb30BAHUEM CIIEKTPOTPAMM 11T HACHTH(DUKAITNHA THK-
TOPOB, 3aKJIIOYAETCSA B CIAy9YailHOM BbIOOpe Hadaja dpparmeHToB. Ecau mporeaypy o6-
pazoBanus GpparMeHToB MPUMEHNM K OJIHOMY M TOMY Ke 3ByKoBOMYy daii1y, moMeHsB
JIMIITH HAYAJI0 OTCYeTa, B pe3yabTaTe MOJydnM pas3Hble HAOOPHI ClieKTporpaMm. B aroii
CBA3U OCHOBHAad IEJib, IIpecjeyeMad B MPOLeaype CKaTud, 3aKJAI04aeTcd B TOM, YTO-
6bI CcejiaTb CzKaTble 06pa31;1 M€EHee IYBCTBHTEJIbHBIMH K IIOJJOZKEHHIO HavdaJjia OTCYEeTa.
B cay4ae crammonapHOro CUrHAJIA CABUT OKHA, HE BIUSET HA MOIYIH KO(MMOUITHEHTOB
(Dypbe. STO KOMIIEHCUPYET MaJIble OTKJIOHEHUA B HaYaJIE OTCYETA. AHHpOKCI/IMaHI/II/I, CO-
rjacuo (1), IByX OJMHAKOBBLIX MOBEPXHOCTEH, NMEIOIINX PA3HbIe HAYAIA OTCUETA, Pa3-
JINIal0TCAd CABHUTIOM IEHTPOB CJdara€MbIX II0 KOOPDJAHHATE X Ha OJHO U TO K€ YHCJIO.
DTOT CABUT JIETKO KOMIIEHCHPYETCS B MPOIECCe MOATOTOBKH JAHHBIX I HEHPOHHON
CeTH, 0 YeM Oy/eT CKa3aHO HUKe.

2. PesyabTaThl 3KCIEPUMEHTOB

U cxomabiM MAaTepUaIoM s SKCIIEPUMEHTOB TIOCTYKUIH 3BYKOBBIE (hallibl n3 Oa3b
TIMIT. ®aiiner 3anucanbt ¢ gacroroir 16 kHz no nsa 6aiita ma orcuer. lms kax-
noro aukropa mMeercss aHabop w3 10 daitmos. Huke npuBeseHbl pe3yiabTaThl OZHOTO
U3 MPOBEJEHHBIX IKCIEPUMEHTOB, KOTOPbIE TUIMYHBI [ PACCMATPUBAEMBIX HADOPOB.
Cpenn dpa3, 3anMCaHHBIX KEHCKUMU TOJOCAMHU, UMEJINCh [IBe OJNHAKOBBIE (hPa3bl, a
ocrajbHble (Gpa3bl B HAOOpaxX HEe coBmagaau. s CyKaTus CIEeKTPOTPAMM KCIIOIB30-
BaJINCh OKHA JuHON B 128 orcueros. U3 momydennbix KOI(MDPUIMEHTOB COXPAHATIUCH
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—>
Puc. 4. Heliponnas cerb
Tabn. 2
Pe3yﬂbTaTbI 9KCIIEpUMEHTAa
Daiin R I|F R FEF | |F]F | F
Ilmmma (kb) 93 | 69 | 98 | 90 | 114 | 50 | 56 | 47 | 72 | 78

Orpunaresbabe 94 63 | 105 | 102 | 234 | 50 43 48 79 86
Ilonoxwurenpusie | 95 76 | 101 | 86 15 41 59 36 64 72
Daiin GF Gy | G5 | Ga | GF | Gs | GF | GF | Go | Guo
Jnmna (kb) 104 | 81 | 115 | 81 51 91 64 81 72 88
Orpunaressase | 108 | 82 17 95 47 | 100 | 60 86 | 109 | 93
Tlonoxwurensasie | 109 | 90 | 233 | 66 48 95 69 91 7 74

MOJIYJIM JIUITh TEepBhIX 65 K03 MUIMEHTOB, KOTOPHIE MOCIE CKATHS, COIJIACHO TabJIM-
ne BARK, npespamasnuch B 15 gucen (MCHOIb30BAIUCH MOJOCHI ¢ HOMEPAMHU OT 3 10
17). Cuexrporpamma dparmenta crpousnach 10 20 MOJIOKEHUAM OKHA. 3aTeM MOBEpPX-
HOCTb amnmpokcumuposasack cornacuo (1) ana R = 10, a yucsio crpok u cToabuos B
MaTpHUIle KaxKJA0ro ciaaraemoro ue npesbimano 11. JIpyrumu cioBamu, hparMeHT KOIu-
poBaJicst BeKTopoMm myuHbl 50. OHAKO B TAKOM BHJIE 3TH BEKTOPHI HE TPUTOIHBI st
TpeHnpoBKHU cetn. IIpek e Bcero cjie10BaIo yuecThb cMerienne nadana orcaera. C 3roit
eJIbI0 HAXOAUIOCH caaraemoe B (1), mag koroporo koopaunata X uMesia HAUMEHbIIEe
3HAYEHHUE. DTOT MUHUMYM BBIYUTAJICA U3 BCeX X -KOODJIUHAT OCTATbHBIX CJIATAeMbIX.
Takum 06pa3zoM KOMIIEHCHPOBAJICA CABUAT Hadasa OTCYETa, a JIIUHA BEKTOpa (pparMen-
Ta yMeHbINasach Ha eauuuily. KoopamHaTbl 3TOr0 BEKTOPA MMEIOT PA3HYI0 TPUPOLY
(pa3MepHOCTh MATPHUIBI, MOJIOXKEHHE MeHTPa, KO3(hMUIMEHT), BCICICTBAE YETro Iha-
MA30HbI M3MEHEHUsT KAXKI0N M3 KOOPJAWHAT CUJIbHO pa3ndaioTcs. B 1o ke Bpems st
YCIIEIITHOTO TPOBE/IEHNUS TPOIECCa TPEHUPOBKY HEPOHHON CeTH KeJIaTeIbHO, YTOOBI 3TH
MAa30Hbl ObLIN Ou3Kkn. 1 JocTuKeHns yKa3aHHOro 3} eKTa KOMIOHEHTHI BEKTO-
POB HOPMHUPOBAJIACH CIEAYIONUM CTangapTHeIM obpasdoMm. Ilycts 2, , — KoMIOHeHTa
C HOMEpPOM 7. B BEKTOpE, OTBedarolem ¢parmenty ¢ Homepom m. [loacanTeiBasocs
ancno M, = maxy, |Zm.,|. Iociae 9TOro 9ncio 2, , 3aMEHANOCH HA Zn, ,/M,. B pe-
3yJbTaTe JUAMA30H W3MEHEHNsl KaykIoi KOMIOHEHTHI MpeBpaasics B orpe3ok [—1,1].
Heiiponnas cers cocrout u3 3 cimoes, comepxkaiux 3, 5 u 1 HEHPOHOB COOTBETCTBEHHO.
Heiiponb! B epBbIX ABYX CJIOAX PEATU3YIOT rUMEePOOTHYECKHil TAHT€HC, & HA OCJIETHEM
CJI0€ CTOUT OOBIYHBIN CyMMATOp. YCJIOBHAS CXEMa CETH Mpe/icTaBieHa ua puc. 4. Yciaos-
HOCTH PHUCYHKA 3aKJIIOYAETCS B TOM, 9TO HA CAMOM JeJjieé CHUTHAJ C KayKJIOr0 HeHpoHa
MEPBOTO CJIOST MOCTYMAET HA BXOJ KaXKJIOr0 HEHPOHA BTOPOro cjiosi. Beibop ykasamHoi



PA3JIMYEHUE JUKTOPOB 113

KOH(UTYpAIINU HU B KOEM CJIydae He sBJIeTCS 00s3aTeIbHbIM. B maHHONi paboTe KOH-
duryparusa OGbL1a HaliIeHA B pe3yIbTaTe MHOIOYUCTIEHHBIX IKCIIepUMEHTOB. V3 Kaxk 1010
Habopa J7isi TPEHHPOBKH CeTH ObLIO BBIOPAHO TO OAHOMY (aiily, HMEIOMEMY IPUMep-
HO OIMHAKOBYIO AyuHy. Paiiibl COOTBETCTBYIOT pa3ubiM (paszam. CeTh TpeHUPOBAJIACH
TaK, 9TOOBI HA (DparMeHTax MEepBOr0 JAWKTOpPA 3HAYEHUS HA BBIXOIE PABHAINCH —1,
a Ha (pparMeHTax BTOPOTO AUKTOPA ObLIM paBHbl 1. Permrarormee mpaBuso Jjis ¥IeH-
TuUKAIUN IUKTOPA BBINISIUT CAeayiomuM obpazom. Bee cekTporpaMMbl 3ByKOBOTO
daitna B c2kaToit (hopMe Momar0TCsI Ha BXO/T CETH, W MOJCIUTHIBACTCS 9UCTIO OTPUIIATEb-
HBIX W MOJOKUTENbHBIX 3HAYEHUN Ha BBIXOJE. FC/Iu 9uciao OTpUIaTeIbHbIX 3HAYEHUH
MPEBBIIIAET YHUCJIO TOJOKUTETHHBIX 3HAUEeHNMI, (DA TOMETAeTC s KaK MPUHAIIEKAIIA I
MEPBOMY JIMKTOPY, B TPOTUBHOM CJIy4dae CINTAETCs, YTO OH MPUHAIEKUT BTOPOMY JIUK-
Topy. Bce pe3ysibrare! cBemeHnbl B Tabm. 2. B Tabmauie 3HakoM ‘4 0TMEYeHBI MPABUIIb-
HO uAeHTH(UIAPOBAHHLIE (Daliabl, a 3HAKOM “*” orMedeHBI (Qailibl, HCIOJb30BAHHLIE
I TpeHupoBKH cetn. HeBbICOKass TOCTOBEPHOCTHL OOHAPYKEHUsT O0bICHAECTCA MAJIOH
JJIMHON (DAJIOB, MCMOJB30BAHHBIX B IKCIEPUMEHTAX. HeTpymIHO BUIAETH, UTO (DaiiIbI,
3a/IeiCTBOBAHHBIE JIJIT TPEHUPOBKU CETU, UMEIOT MPOIO0JIKUTEIHHOCTD 9yTh MeHee 4 C.
CymecTByomume CuCTeMbl HACHTU(MUKAINE TPEOYIOT, YTOOBI MPOIOIKUTETHHOCTD PN
ISl HACTPONKY U3Mepsiiach HECKOJTbKUMEI MUHYTAMHE.

3. BriBoab!

[TpoBeieHHbIE IKCTIEPUMEHTHI TOKA3BIBAIOT TPUHIUITHAIBHY 0 BO3MOXKHOCTD HCIIOJIb-
30BaHUS TPEJIOKEHHON METONWKW s UAeHTH(DUKAINN JIUKTOPOB. B Tex ciyuasx,
KOrJIa OTCYTCTBYET TECTOBBIN MAaTepWasl MOAXOISINeH IIUHBI, MOYKHO HCIOJIH30BATh
mpeIaraeMyio MeToauKy. JIocToBepHOCTh naeHTH(UKAIIH, 00eCTIeInBaeMOil pacCMOT-
PEHHBIM METO0M, TpeOyeT AaTbHEHIIero uccae10BaHus .

Summary

E.L. Stolov. Speaker Identification by Short Phrases Using Image Processing Procedure.

A new algorithm for speaker identification is suggested. A set of sound files belonging to
two speakers is given. There are two short files known to be corresponding to two different
speakers. The speakers are not supposed to have articulated the same phrase. The task is to
establish belonging of each file in the set. The problem is solved using an approximation of
spectral surface of sound file by wavelets of special kind. The compressed form of the spectral
surface is processed by a neuron net. The decision about the belonging is made basing on the
values produced by the neuron net. Some results of an experiment with files from a speech
database are presented.

Key words: speaker distinguishing, short phrases, graphical method.
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