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A.O. Kupkos, [I.H. Kopuarun, A.C. JIykun, A.C. Kpsuios, FO.M. baskoBckuit
HEMPOCETEBOW AHAJIN3 1 COMOCTABIEHNE YACTOTHO-BPEMEHHbIX
BEKTOPOB HA OCHOBE KPATKOCPO4YHOI'O CMNEKTPAJIbHOIO
MPEOCTABNEHNA N AOANTUBHOIO NMPEOBPA3OBAHNA SPMUTA

AnHHoTauusA. B nanHoi paborte paccmaTpuBaeTcsi METOJl paclio3HaBaHUS PEeUU/IUKTOPOB
Ha OCHOBE IPEJICTAaBICHUS peueBOi HH(GOPMALIUY B BUIE€ MIOTOKA ABYXMEPHBIX 4YaCTOTHO-
BPEMEHHBIX BEKTOpPOB. Kiaccudukanus BEKTOPOB OCYIIECTBISCTCS HEHPOHHOU CEThIO,
Ha BXOJl K KOTOPOW MOCTYMalT HU3KOYACTOTHBIE JABYMEpHBIE BEiBiIET-MpeoOpa3oBaHus
Y4aCTKOB CIEKTpOorpamm. McxoaHbIMU IPEACTaBICHUSMHU 3BYKa SBIJISIIOTCS COHOI'PAMMBI
KpaTKOCpO4yHOro npeoOpazoBanuss Pyppe M aJanTHBHOIO MpeoOpa3oBaHUs ODpMHUTA.
[IpoBeneHoO CpaBHEHHE JTUX MPEACTABICHUMM B 3aJadax JAUKTOP-HE3aBUCUMOTO

pacnno3dHaBaHusa pCUYr N KOHTCKCTHO-HE3aBUCHUMOI'O paClio3HaBaHUA JUKTOpA.

A.O.Zhirkov, D.N.Kortchagine, A.S. Lukin, A.S.Krylov, Y.M.Bayakovski
ANN BASED ANALYSIS AND COMPARISON OF TIME-FREQUENCY
FEATURE VECTORS BASED ON SHORT TIME SPECTRAL
REPRESENTATION AND ADAPTIVE HERMITE TRANSFORM

Abstract. The method of speech recognition based on representation of speech
information by 2D time frequency feature vectors stream is considered. These vectors are
constructed from the time-frequency information using 2D-wavelet transform of
spectrogram image. Classification of vectors is processed by ANN. Sonograms of short
time Fourier transform and adaptive Hermite transform form the input speech
information. These representations are compared for tasks of speaker-independent speech

recognition and speech-independent speaker recognition.
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BBepneHue

B GonbIIMHCTBE CYIIECTBYIOUIMX CHUCTEM DPACIIO3HABAHUS PEYM CHHTAKCUYECKUE
MOJICJIM CTPOSATCS Ha OCHOBE ckpuimulx Maprosckux moodener (CMM) [1]. Hus
VIY4YII€HUSI BEPOSITHOCTHBIX  XAPAaKTEPUCTHUK UX  HCIOJB3YIOT COBMECTHO C
uckyccmeennvimu  Hevponnvimu cemamu (MHC) [2,3]. BekTopoM CBOWCTB B 3THUX
CHUCTEMax SBIIAECTCS OJHOMEPHBIM YaCTOTHBIM BEKTOpP KEICTPyM, a TaKXke BEKTOp,
COCTaBJICHHBIN M3 ero npou3BojHbIX [4]. Kemctpym cTpouTcss M3 NOCIENOBATEIbHON
YaCTOTHOM  HOpMalW3allid, JIOTAPUPMHUPOBAHUS M OUCKPEMHO20  KOCUHYCHO2O0
npeoopazosanus (JAKII) aMmmuTyaHOW COCTaBISIONICH Ouckpemuozo npeodpazosaus
Dypve (AIID). Ilpu stom [P mnocnegoBaTenbHO NPUMEHSIETCS K HCXOIHOMY
3BYKOBOMY CHTHAJy B OKHE X3MMUHIa C NEpUOINYHOCTHIO B 20-30 Mc.

JIns moBhIIEHHWS HAAEXHOCTH PACHO3HABAHMS 4YacThb HArpy3Kd II0 aHAIN3y
BPEMEHHOW COCTABJISIIOLIEH MOXHO nepenoxkuth u3 CMM B BekTopa cBoicTB. OCHOBHAs
npobsieMa MpU 3TOM 3aKJIIOYaeTCs B HEOOXOAMMOCTH CTAallMOHAPHOW pa3MepHOCTU U
MAaKCHMaJIbHONW JEKOPPEIMPOBAHHOCTH BEKTOpAa CBOMCTB. B mocimenHue ropsl
paccMaTpUBAIUCh HECKOJIBKO BapUAHTOB pelIeHUs ATOW mpodieMbl. OJuH U3 METOA0B
3aKJIIOYAJICA B IIOJYYEHHHM KEICTpyMa HE M3 OJHOTO, a U3 HECKOJBKUX, PIAOM
PACIIOJIOKEHHBIX, YACTOTHBIX BEKTOPOB NyTéM npumMeneHus: nsymepnoro JIKII [5], uto
IPUBEJIO K 3HAUUTEILHOMY IMOBBIIIEHHIO YCTOMUMBOCTH pacno3HaBaHus. B paborax [6,7]
paccMaTpUBaeTCsl MHOXKECTBO BO3MOXKHBIX JBYMEPHBIX MPEICTABICHUI YacTOTHO-
BPEMEHHBIX BEKTOPOB, B TOM YHCJIE OCHOBAaHHBIX HAa JIByMEPHOW BEMBJIET-JIOKAIN3ALNH.
B nmanHoif paboTe MCTIONB3YIOTCS JBYMEPHBIE BEHBIET-IPeoOpa30BaHusl AJIs BbIACICHUS
HU3KOYACTOTHBIX KOMIIOHEHT B YacCTOTHO-BPEMEHHOM HHMOpMaluu, a Takke 3-X-
cnoitHass UHC-ceTh a1 UTOroBoit kiaccuukamum.

JUia  peanu3anMy  BBILICU3JIOKCHHOM  LE€IM  MCIOJB3YETCsS  CIeAyrolas
IIOCJIEI0BATEIBHOCTD AJITOPUTMOB:

KpaTkocpouHblli ClIEKTpaIbHBIN aHATU3
AJNTOpUTM ONIPEAEIICHNS TPAHUL] BEKTOPOB CBOMCTB
Merton nony4eHus: BEKTOpa CBOMCTB
HetipoceTeBoe pacnio3naBanue o0pa3on
Taxke pacCMOTPEHO NPUMEHEHHE W3JIOKEHHBIX TEXHOJIOTMH I 3ajad

paclio3HaBaHUA pCUYH U pACIIO3HABAHUA JUKTOPOB. I/ICCJIeI[OBaJII/ICB IpCACTABJICHHA PCUU
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Ha OCHOBE KpaTKOCPOYHOIo npeoOpa3zoBanus Dypbe M aJanTUBHOIO NpeoOpa3oBaHUs

OpmurTa.

1. YacToTHO-BpeMeHHbIe nNpeobpa3oBaHuA

Ha Bxon m1000# cucTeMbl aBTOMAaTHYECKOIO aHajdn3a 3BYKOBOH WH(pOpMAIUH
IOCTYIAET NUCKPETU3UPOBAHHBIN 110 BPEMEHU U KBAHTOBAHHBIN 110 aMILIUTY/IE€ 3BYKOBOU
curnan. Ha Pwuc. l.a wu3oOpaxena ocuwuiorpaMMa CUTHajga (parMeHra peuw,
COCTOSIIIETO U3 JIBYX CJOB. [IpuMeHsss KpaTKOCPOUHBIN CHEKTPalIbHBIA aHAIU3 K STOMY
CUTHAJIy Ha OCHOBE Owvicmpoeo npeoopasosanus Dypve (BIID), mnomyuaem
IIOCJIEI0OBATEIBHOCTh KOMILIEKCHBIX BEKTOpOB JII1D. da3zoBast KOMIIOHEHTa COACPIKUT, B
OCHOBHOM, HWH(pOpMAalMI0 O MNPOCTPAHCTBEHHOM OpHEHTAllMM HCTOYHMKA 3ByKa. B
OTJIMYME OT 3aJaud pACIO3HABaHMs JUKTOpa, Ui 3aJadd JIUKTOP-HE3aBUCHMOIO
pacno3HaBaHus peud (asoBas H(OpMAIMS HE CYUIECTBEHHA U €€ HE paccMaTpHUBAIOT.
AMIIIUTYIHAsE COCTABJISIOLIAs 3TOTO BEKTOpPa BO BPEMEHHU - CHEKTPOrpamMma - MOKET
paccMaTpuBaThCsi Kak  OObluHOe  m3o0pakeHue. M3BecTtHo, uTO  Haubosee
MH(OPMATUBHBIE YACTOTHI YEJIIOBEYECKOTO rojioca cocpeoToueHHbl B uHTepBasie 100 '
- 5KI', mo3TOMY B CHEKTPOTrpaMME OCTABJISAIOT TOJBKO T'APMOHHUKH, YACTOTHI KOTOPBIX
NonajaloT B ATOT HUHTepBad. llocie 3Toro, 3Ha4Y€HHUS TApMOHMK MOJBEPraroTCs

AMIUTUTYJTHOMY JIOTapU(MHUPOBAHUIO W YAaCTOTHOMY, TaK HA3bIBAEMOMY MEII-CKEWI
bunbTpy:
melscale(f) =2595*log,(1+ f/700) 1)

rae f- vacrora B I'1I.
B monydenHolt Takum o0pa3oMm crekTporpamme, uzoOpakeHHoi Ha Puc 1.b,

COJIEPXKUTCS OOJBIIOE KOJMYECTBO IIYMOBBIX 3((PEKTOB, BO3HMKAIOUIUX KaK H3-3a
IIPUCYTCTBYIOLEIO B HW3HAYAJIBHOM CHUTHAJIE IIyMa, TaK M M3-3a HEKOTOPBIX CBOWMCTB
JIID. [IyM, BO3HUKAOUMK [IPA 3TOM, MOKHO CUYUTATh HOPMAJIBHO PAaCIpEIeIEHHBIM C
HYJIEBBIM MAaT€MaTH4YECKUM OXuaaHueM. lMcnonb3ys TO, 4TO Kak 4acTOTHasA, Tak WU
BpPEMEHHAsl Pa3MEPHOCTb PacCMAaTPUBAEMBIX CIIEKTPOIPAMM SIBISIETCS M30BITOYHOU, OT
ATOr0 IIyMa MOKHO H30aBUTHCS MYyTEM YMEHBUIEHUS H300pakeHHs, C MPUMEHEHUEM
HU3KO4acTOTHOTO (uibTpa. Lllym, mpucyTCTByIOLIMI B M3HAYATBHOM CHUTHAJE, MOXHO
TaK)Ke pa3leiuTh Ha ABe cocTapisitomue. OqHa U3 HUX - CTAllMOHAPHBINA IIyM, KOTOPBIH
MOKHO TNPUOJIMKEHHO CYUTATh aJAUTHBHBIM. [Ipu 3TOM omepanus HIyMOINOJaBlIEHUS

CBOOUTCSA K BBIYMTAHUIO CIICKTPpa IIyMa U3 4aCTOTHBIX CTOJI6I_[0B CIICKTPOI'paMMEI.
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[Tomy4yennast Takium 00pa3oM crieKTporpamMma n3oopaxkena Ha Puc. 1.c.

-

Puc. 1. Ilocreoosamenvhusie npeobpazosanus cueHaia
a) Ocyunnoepamma.  b) Cnekmpoepamma (6onee HU3KUe YACMOMBbL PACNOAONCEHBL CEEPXY).
¢) Cnekmpoepamma nociie yMeHbUeHUs pa3MePHOCTIU U ULYMONOHUICEHUS.

2. MeTopa nony4YeHUsA BEKTOPOB CBOUCTB

CnekTporpaMMa Kaaoro cioBa (ImpuMep Ha puc. 2.a) MacmTadupyercs K
KBaJIpaTHOMY BUJy U MPOU3BOJIUTCS JIBYMEPHOE BEUBIIET-IPEOOPa30BaHUE CTOJIBKO pas,
CKOJIbKO HEOOXOAMMO JUIsl TOJy4YeHUs HuzkodacToTHou wMatpuubl TxF, rme T -
BPEMEHHOE pa3pelleHUe MaTpHIlbl MO0 TOPU30HTAIM, a F - yactoTHOEe paspelieHue 1o
BEPTHUKAIN. DKCIEPUMEHTAIBHO YCTAaHOBJICHHBIM ONTUMAJIbHBIM pa3pelieHueM, ¢ TOUKU
3peHUs MOCIEeNYIONIET0 HEMPOHHOTO PacliO3HaBaHMs, OBLJIO BBIOpAHO pa3pelieHue 8x§.
Jlnsi TOBBIIEHHS YCTOMYMBOCTH pAcHO3HaBaHUS BEKTOPOB CBOWCTB, KOMITOHEHTHI

BCKTOPOB HOPMAJIU3YIOTCA K HYJICBOMY MAaTCMATHYCCKOMY OXWUIAHUIO H GHHHHHHOﬁ

15

Puc. 2. Umoeosoe macuumabuposanue u Hopmanuzayus
a) Cnexmpoepamma cioaa. b) Bexmop ceoticme cnosa.

mucnepeuu (puc. 2.b).
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3. Pacno3HaBaHue o6pasoB

PaccmorpuM  mpocredmmi  ciayda, Korja pedb  IIPEACTABISAET
IIOCJIEZIOBATEIBHOCTh OTPAHUYEHHOTO KOJIMYECTBA CJIOB. B 3TOM cilydyae pacno3HaBaHHE
peun CBOAMTCA K KJIACCU(UKAIUU JIBYXMEPHBIX BEKTOPOB CBOMCTB. Kaxmpli kiacc
COOTBETCTBYET OIPEICIEHHOMY CIIOBY,
KoHkpeTHbIe IByMepHBIE BEKTOPBI CBOICTB Pa3jIMYHbIX CJIOB IMPEACTABIEHbI Ha puC. 3,

TJ€ B KaXJIOM CTOJ'I6IIC MNpeACTaBJICHEI CJIOBA OJHOI'0O AUKTOpaA, a B KaXX 01 CTPOKEC —

KJIaCChbI CJIOB.

CnoBa
(knacchbl)

Puc. 3. I’ pagpuueckue npedcmasnenuss yacmomuo-6pemeHHbIX 6eKMOPOs OJisl PA3TUYHBIX

OvkTopsbl
JETEFRIZRERE
ERRFFRBLERT RS
A MAL M UL Sl B Wk
EEYIPERERTNPER
guaviiuaEnuena
Illlltllllli!llllllllllll.

()MKWIOpO@ U pa3iudHsblx C1086.

CymiecTByeT MHOXECTBO METOJOB KiacCU(pUKAIMU OOpa3oB C YUHUTEJIEM.

PaccMoTpuM OCHOBHBIE U3 HUX:

CTaTUCTUYECKUI, METPUUECKUN U HEUPOCETEBOM.

3.1. CraTucTu4ecKuii MeTo KiIaccupuKanuu

O003Ha4YUM:

W[j,1,x,y]: BekTOp W3 oOydaromieil BBIOOPKH, TII€ j -HOMEp Kiacca, i - HOMeEp

npumepa, (X,y) - KOOpAUHATHI B BEKTOPE CBOUCTB.

X[X,y]: BEKTOp U3 TeCTOBOU BHIOOPKH.

P(C;,X): BeposaTHOCTh mNpuHamiexHocTh X K kiaccy Cj mpu pacnpeneneHuu

BEPOSITHOCTEM.

Torpa, bynkuus knaccudukanuu class(X) onpenensiercs caeayomuM 00pazom:

ny

Jo= 1 =
Mx,y n; zxy’o-xy

i
i=1

Z(Mf -w’ )0

i=1

n—1

class (X)) = arg max [ﬂ P(Cj | Xx,y’exj,y)jl
X,)

J

IMPON3HCCCHHOMY PpPa3IMYHbBIMA JHUKTOpaMH.

=M ,0;

norm
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3.2. Knaccucukauma MetoaomM HaMMEHbLUEro paccToAHUA
class(X) =arg min mjinz,O(Xx,y,Wj,x,y) @)
i X,y
3.3. HenpoceTteBas knaccudukaums

class(X) =arg min| minY_ p(EVec(Ann(X)), Ann(X)), . ) |
i J X,y ‘
5
1,i = argmax(x,); )
EVec(x) = (ylayza---yn) Yi= !

I7ie P-€BKIUIOBO paccTossHue, GyHKIUS Ann(X) - BEIXOJ HEUPOHHOW CETH.

90
80 A
70 A
60
50
40 -
30 A
20 A
10 4

MpoLueHT oWnBOK pacrnosHaBaHWs Ha AUKTopax,
HE y4acTBYIOLWMX B 0By4eHUm

1 4 5 6 7 8 9 10 11 12 13 14 15 16 17
KonnyecTBo ANKTOPOB, y4aCTBYIOLLMX B 0ByYeHUM

—— banecoBckaga knaccugukaumus
—e— MeTo[ HauMeHbLUMX KBagpaToB
—— HelpoceTeBoe pacno3HaBaHue

Puc 4. I'pagpux 3a6ucumocmu npoyeHmos ouubOK pacno3Ha8anusi Om mMemooa Kiaccuukayuu
U KOIu4ecmaa OUKmopos, y4acmeyoumux 6 00yueHuu.

N3 tabnumer 1 u rpaduka Ha puc. 4 BUAHO, UTO HAMXYAIIas Pacrio3HaBA€MOCTh
HAOIIOZaeTcss y BEpPOATHOCTHOTO IOJXOJa, OCHOBAHHOTO Ha JBYX alpHOPHBIX
MPEATOI0KECHUAX

1) HopmanbHoe pacripeesieHne BHYTPUKIACCOBBIX KOMIIOHEHT BEKTOPA

2) Craructrueckas He3aBUCUMOCTh KOMIIOHEHT BEKTOpa
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Tabnuua 1. Ilpoyenm owubok pacno3nasanus 6 3a8UcCUMOCmu Om Memooa Kiaccugurayuu

MeToa KonuyectBo npumepoB B oby4yatoLLiern BbiIbopke
2 4 16
MeTpuyeckni Cymma 33.1% 18.1% 12.3%
noaxopa KBagpaToB
Makcumym 34.8% 19.5% 13.8%
Moayns
Cymma mogyns 33.6% 19.2% 13.7%
Cratuyeckas PacnpepeneHve | 80% 35.2% 32.0%
Knaccudukaums Maycca
Pacnpegenenve | 49% 33.7% 32.2%
Kown
3x-cnoviHas HeMPOHHas ceTb 28% 13.3% 5.9%

MeTpuyeckoe pacno3HaBaHUE TMPENoJaracT JHHCHWHOCTh BKJIQJ0B KaXJaou
KOMITOHEHTHI YaCTOTHO-BPEMEHHOTO BEKTOPa B OOIIYI0 CyMMY. ENTMHCTBEHHBIM METOI0M
KJIacCU(UKAIIMK, HE JICJAIONUM JONYIICHUS O MHOXKECTBE BEKTOPOB CBOWCTB, SIBIISCTCS
HelpoceTeBOoe pacro3HaBaHue. WM3BecTHO, uTO 3X-ClIOHAs HEHUpPOHHAs CETh C
HENPEPHIBHOM CHUTMOMJAIBHON (QYHKIMEH aKTHBAIlMM MOXKET allpPOKCUMHUPOBATH
mo0yr0 HenmpephiBHYIO (QYHKIMIO ¢ JH000M Hamepén 3amaHHON TOYHOCTHIO. OTcroma
ClIelyeT CIOCOOHOCTh KilacCU(UKAITMKM JTIOOBIX HETPEPBHIBHBIX KOHEYHBIX MHOXECTB. K
HEJ0CTaTKaM HEHWPOHHOH CETH MOXHO OTHECTH TOTEHIIMAIBHO SKCIIOHEHIIUAIBHOE
BpeMsi OOy4eHHS B 3aBUCHMOCTH OT KOJIHMYECTBAa 00ydaronux mnpumepoB. OqHaKO Takas
3aBUCUMOCTh HAOJIIO/IaeTCs B CiIydae Cl1abol KOPPEIUPOBAHHOCTH BEKTOPOB, BXOISAIINX
B 0a30BBI Kjacc. ODKCHNEPUMEHTaIbHAs 3aBHCHUMOCTh KOJIMYECTBA HWTEpalluii Tpu

HCIIOJIb30BAHUHU PCAJIBHOT'O TCCTOBOI'O MHOKECTBA IMPUBCICHA HA Puc. 5.

1500

Kosmuecrso 1000

uTepanui 500.
@20 caos 0+3 o N o
H10 caos Al Al * Al -

KonunyecTBO ANKTOpPOB

Puc 5. 3asucumocmo xonuwecmea umepayutl, Heo6X00UMbIX 051 0OYYEHUsL cemu, Om
Kouuecmaa OuKmopos u Koauiecmed CJloa.

OCHOBHBIM KpHUTEpPUEM Ul CHCTEM PACIIO3HABAHMS DPEUU SABIIAETCA NPOLEHT
OIIMOKM pacro3HaBaHWsA M HAAEKHOCTh pacro3HaBaHusi. B Tabmuue 2 mnpuBeneHbl

OIINOKHU KHaCCI/I(bI/IKaLII/II/I HCﬁpOHHOfI CCTBIO B 3aBHCHUMOCTH OT THIIA 1 MHTCHCHBHOCTHU
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myma. TecroBasi 6aza cocrosuia u3 20-Tu CIIOB, KaXKJ10€ U3 KOTOPBIX ObUTO cka3aHo 20
moapMu. B kadecTBe oOyuaromiedl BBHIOOPKM HCIOIB30BAMCh ciioBa 17 YemnoBek,

OCTAJIBHBIC CJIOBA MCITIOJIB30BAJIUCH IJII TCCTUPOBAHUAA.

Ta6nnua 2. 3asucumocms npoyenma OWZ/I6OKpaCI’ZO3Ha6aHuﬂ om UHmMeHCcUeHocmu u muna uwyma

OTHOLLEHME cuUrHana K Wymy
22 dB 28 dB
McTo4vHmK nomex
Mysbika 15% 2.5%
Peub 33% 2%
CTaunoHapHbIN LWym 10% 3%

4. ApanTuBHoe npeobpasoBaHne dpMuTa

Hapsimy ¢ paccMOTpeHHBIM  KpaTKOCpOYHBIM  TipeoOpazoBanueM Dypwe
pPacCMOTPUM aJbTEPHATUBHOE NPEACTABICHUE 3BYKOBOI'O CUTHala, OPUEHTHUPOBAHHOE
HETMOCPEJACTBEHHO Ha KBa3WUIIEPUOAMYECKYIO CTPYKTYpPY peud. ITO TMpeAcTaBlIeHUE
OCHOBAHO Ha QIANITUBHOM IIpeodpazoBanuu Dpmura [7, 8].

OyHKIME DpMHUTa 00pa3yrOT MOJHYI0 OPTOHOPMHUPOBAHHYIO CHUCTEMY (DYHKIIHIA

[9, 10] u onpenensaroTCs Kak:

_ (_l)nexz/Z Eldn(e—xz)
2l A

OHU Takke MOTYT OBITh OTIPEICIICHBI CICAYIOIMMUMHI PEKYPPEHTHBIMU (DOopMynamu:

wn ()C)

1 2
wO:_@x/Z

g

Y, = \/Ex @—XZ/Z
" i

T
2 fn—l
[//n :x\/: |lyjn—l Y @n—Z’ D’E 2
n n

Kpome Toro, ¢QyHkmum Opmuta SBISIOTCS COOCTBEHHBIMU — (DYHKIUSIMU

npeobpazoanus Oypwe [13]:

Fy,)=i"y,.

rae F o6o3Havaet oneparop npeobpaszoBanus Oypee.

I'padukyn pyHKIMI DpMUTA BBINISAIAT CIEAYIOLUM 00pa3oMm:



Mumber of the Hermite function: |0 3:

Murmber of the Hermite function: |4 3:

Murnber of the Hermite function: |29 3:

Jliis mpeoOpazoBaHus DPMHUTA Mbl JIOJKHBI ONPEACIIUTh OTPE30K MHTErPUPOBAHUS

[14]. Ecnii MBI IOCMOTPUM Ha CTPYKTYpPY PE€U€BOr0 CHUTHaja, TO YBUIUM, YTO MHOTHE

YYaCTKA PpPEYd 3a4acTyl0 HMMEIOT KBAa3WUIIEPUOAMYECKYIO CTPYKTypy (ciemyer

MOAYCPKHYTH, 4YTO JJIMHA COCCAHUX KBAZUIICPUOJ0B, a TAKIKC (I)opMa BOJIHBI B COCCIHUX

KBa3UIEPHOJaX MOT'YT HEMHOTO pa3inyaThCs):

B kauectBe mcxomHoro orpeska OyaeM OpaTh MOOUYEPENHO KaKIbIH U3 TaKUX
KBa3unepuooB. ['paHunpl OyJeM MPOBOAUTH TaKUM 00pa3oM, 4YTOOBI 3KCTPEMYM

CHUTHaJIa AOOCTHUTAJICA HpI/I6HI/I3I/ITeJII>HO Ha CCPCAMHC KBA3UIICPHOZA, a 3HAUCHHA Ha

rpaHdnax ObulM OnM3KMMHM K Hymo. Jlamee Mbl pacTsSruBaeM Hall — OTPE30K
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anmpokcuManuu [-Ay, Ag] A0 oTpe3ka [-A;, A;], ompeneneHHOTro MO CIEAYIOLIEMY

KPUTEPHUIO:

f W, (x)dx =0.99,

I7ie N - YUCIIo PYHKIUH DpMHUTA, UCTIOIb3YEMbIX JIJIS alPOKCUMALIHH.

3aTeM MBI pacKIIabIBaéM UCXOAHBIN CUTHAT B psii Dypbe 1o QyHKIMsIM DpMuTa:
n-1
value(x) = ZC#/I. (x)
i=0

¢ = [ fow, (v

_A]
Tak xak ¢GyHKUMH  OpMmMuUTa  ABIAIOTCS  COOCTBEHHBIMM  (DYHKLUMSIMHU

npeoOpazoBanus Dypbe, TO MBI MoiydaeM U mnpeoOpa3zoBanue Dypbe AN TAHHOTO

CUTHAJA.

N T E T Hapsiny ¢ nuHElWHBIM KOIMpPOBaHUEM
H“- = MO>KHO UCII0JIb30BAThH HEpapXUUECKoe

Tonporcimann 2 gy ] KOAHPOBAaHHE, KOTOPOC, € OJHOW CTOPOHBI,
ﬁ" — TIOKa3bIBaeT Goyiee CTAOMIBHBIE PE3yNbTaThl, 4,

- I-.-|n|'u_'n:u_u.uua-1n-,-uannl.ln] C )Ipyroﬁ CTOPOHBI, IIO3BOJIAACT IIPOBCCTH
AHAJIOIMIO MEXIY Kod(pduiuueHtaMu DpMuTa U

‘*""P'-_rfrjwﬂﬂfﬂi‘ﬂfﬂ.l'ﬂh'*l ¢opmantamu. CyTb €ro COCTOUT B TOM, YTO
- CHauaja KBa3uIepuos NpUOIMKAeTCs OIHOMN

Hﬁff’i‘_ﬁ"“""c Copanie] Gvmkmuedl,  gamee  HaXomMTCA  pasHOCTS,
KOTOpasi pacTArMBAaeTCs J0 HYXHOIO JJId

=
—
Fazsocte Annposcnsauis 32 b pnsayanim |

npulImkaercs yxe AByMs QyHKOusMU U T.4. Ciaeayer MOJYepKHYTh, YTO XOTh TaKOe

annpokcUMaluu 2 (QYHKIUSAMU OTpe3ka H

NpeaAcCTaBJIICHUC U I/I36BITO‘-IHO, HO OHO IIO3BOJISACT IIPOBOJUTH MOJIHBIA aHAIU3 KaK B
YaCTOTHOM AUAIla30HC, TaK U BO BPECMCHHOM, 4YTO CKa3bIBACTCA HA BO3MOKHOCTHU ooiee

TOHKOI'O aHaJIn3a HHANBHUAYAJIbHBIX 0COOEHHOCTEM KaXXJ0ro 4€JI0BCKaA.
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5. CpaBHeHMe 4aCTOTHO-BpPeMeHHbIX BEKTOPOB CBOWCTB ANA 3a4ayy pacno3HaBaHus

peyn U naeHTUUKaLMUMU TIMYHOCTU B PasnUYHbIX NPeAcTaBrneHnAX

BbU10 MpOBEEHO HECKOJIBKO TECTOB € MCIOJIB30BAHHUEM PA3IMYHBIX METOJIOB
pacrio3HaBaHus U kinaccudukanuu. Llenb 3TUX HccnenoBaHui 3aKI0Yanach B CpaBHEHUH
KpaTkocpoyHoro dypre-aHanusa ¥ aganTuBHOro npeobpazoBanust dpmuta. CpaBHEHUE
MIPOBOJIUIIOCH HA OJIHOU TecToBOM 0ase ¢ 20 cioBamu u 20 nukropamu. PaccMarpuBanoch
JBa KpUTEpHsl KJIacCU(PUKALMU: JTUKTOP-HE3aBUCUMOE PpACIIO3HABaHHE CIIOB U
KOHTEKCTHO-HE3aBUCUMOE PacliO3HABaHUE JUKTOPA.

B ocHoBe MeTona pacmo3HaBaHUS JIEKUT paccMaTpUBAEMbId B TMPEABIIYIIUX
IYHKTaX METOJ paclio3HaBaHHs HA OCHOBE JIByMEPHBIX YaCTOTHO-BPEMEHHBIX BEKTOPOB
cBOMCTB. TecTbl IOKa3aay, 4YTO HAWIYYIIMW I[PU JAaHHOM IOAXOAE IPOLEHT
pacno3HaBaHUsl JIMYHOCTH, paBHbIA 26%, JocTUraeTcs NOpu  UCIOJIb30BAHUU
npeoOpa3oBaHusl DPMHUTA, UCTIOIb3YIOLIErO aJATUBHOE PA3JIOKEHUE HA KBA3UIIEPHOBI.
[Ipy »TOM TecTHpOBaHWE TMPOBOJAMIIOCH HA JMHEHHOM KOAMpOBaHMU C 32
KO3 PHUIHMEHTAaMH C MOCIHEAYIOUIMM 3HAKOBBIM CYMMHUpPOBAaHHUEM. 3aMETHM, 4YTO MpHU
WHJCKCUPOBAHUM, OCHOBAaHHOM Ha HMEpapXWYECKOM KOJUPOBAHUU OpMHUTa C
MCIIOJIb30BAHUEM JIOTIOTHUTENBHBIX (PHIBTPOB M PYYHOW HACTPOUWKH YPOBHS TOPOTa,
TOYHOCTb cocTaBmia 95%. KOHTEKCTHO-HE3aBUCUMOE pACIIO3HABAHUE JUKTOPA
CYILECTBEHHO CIJI0’KHEE PACIIO3HABAHUS C MCIIOJIb30BAaHUEM JIMOO M3BECTHBIX CIIOB, JTUOO
U3BECTHBIX (hoHEM. B 3TOM ciydae mpoIeHT pacrmo3HaBaHUs MOBbIaeTcs A0 99.5%.
Hamnyuymmii mnpomeHT AMKTOp-HE3aBUCHMOIO pacno3HaBaHus clioB  (96%) Obui
JOCTUTHYT TIPH HCHOJB30BaHUM (pUKCHpoBaHHBIX OKOH ¢ Dypbe 0azucom

Jorapu(GMUUIECKUM CyMMHUPOBAHUEM.

Ta6m/1ua 3. CpaeHeHue npasujibHO20 pacno3HaeaHusl npu UCNojab306aAHUU paA31UYHbIX Memooos
npedcmaeﬂeHuﬂ 6EKMOPO6 ceoticmes

[NpencraBneHne BeKTopa CBONCTB
OpMUTOBLIN Basnc Pypbe 6asnc
KBasunepuogbl KBasunepunogbl KpaTKocpoUHbIil
®Dypbe aHanu3 ¢
3HakoBoe C 3 C 6
CYMMUPOBAH yMMUpOBaH HakoBoe YMMUPOBaHN | aOCOIIOTHBIM
Ve ne mogynen | CymMMUpOBaHWE e moaynen J0rapu(pMUIECKUM
CYMMHPOBAaHHUEM
Pacno-
3HaBaHue 38% 14% 16% 29% 96%
cnos
Pacno-
3HaBaHue 26% 25% 22% 24% 12%
AVKTopa
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bubnuoTeka BEKTOPOB CBOICTB HAa OCHOBE bubimoreka BEeKTOPOB CBOMCTB Ha OCHOBE
npeoOpa3oBaHusl DpMUTA U KBa3UIIEPUOIOB. KpaTkocpo4Horo dypwe aHauza ¢
(UKCUPOBAHHBIMU JUIMHAMH OKOH.

Hcnone3yercs a1 uACHTH(PUKAIIN JTHIHOCTH.
Ucnons3yeTcs 11t pacrio3HaBaHUs CIIOB

Puc. 6. Jlyuwue (u3 paccmompennvix) npedcmasienus 6eKmopoa C8OUCMS.

[TonHble pe3ynbTaThl UCCIENOBAHUN MpuBeNeHb B Tabmuie 3. DTu pe3ynbTaThl
0a3upyIOTCA HA CIEAYIONIUX OCOOECHHOCTSX METO/IOB PACIIO3HABAHUS.

MeTon, OCHOBAaHHBI Ha aJaNTUBHBIX KBAa3UIEPUOAAX, COJEPKHUT OoJbIIee
KOJIMYECTBO HMH(OpPMAIIMA O JHUYHOCTH JWKTOpPA, YeM B MPeoO0pa3oBaHUAX C
dbukcupoBaHHBIMH OKHaMU. CBSI3aHO ATO € coOXpaHeHHeM (a3 U COXpaHEHUEM YaCTOTHBIX
OMeHMii, BOSHUKAIONIUX HA YPOBHE OCHOBHOTO TOHa. MIMEHHO B 3TON mHMOpMauu U
XPaHATCS WHIUBUIYaJbHBIC OCOOCHHOCTH JUKTOpa. AJIANTUBHBIN MOA00p JJIWUHBI U
MECTOTIOJIOKEHUSI ~ KBA3WUIIEPOWJIOB  JenalT ¢GyHKuMM Opmura Ooiee  TOYHO
OJIHOBPEMEHHO JIOKAJTU3UPOBAaHHBIMA KaK B YAaCTOTHOW, TaK M B IPOCTPAHCTBECHHOU

O6J'IaCTI/I, MO0 CPpaBHCHUIO C KOCHUHYCONAAJIbHBIMHA (1)YHKI_II/UIMI/I.
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3aknyeHue

PaccmoTpennble MeTOABI PacniO3HAaBaHUS PEYM U JUKTOPOB, HE YCTYIAIOT, a IO
HEKOTOPBIM II0KA3aTeJIAM IPEBOCXOJAT CYHIECTBYHOHIME MNOAXoAbl. K OCHOBHBIM
JIOCTOMHCTBAM METO/Ia PaCIIO3HABAHUs CJIOB, HA OCHOBE IByMEPHBIX BEKTOPOB CBOMCTB U
HeilpoceTeBOM  Kiaccu(UKalMM, MOXHO OTHECTH  COCPEJOTOYEHHE Hauboee
CYILIECTBEHHOM, IIyMOYCTOWYMBON YacCTOTHO-BPEMEHHOW WH(GOPMAIMU B KOMITAKTHOM
4aCTOTHO-BPEMEHHOM BeKTOpe. B orinmume oT 3TOro moaxona, METOJ Ha OCHOBE
aJIalITUBHOTO TMpeoOpa3oBaHusi ODpmuTa paboraeT ¢ Haubonee TOHKOM YaCTOTHO-
BPEMEHHOM JIOKanu3anuen. ITo MpeCcTaBlIeHNe 3BYKOBOW HH(OPMALIUHU SBISETCS MEHEE
YCTOWYMBBIM K IIyMYy, HO B HEW COXpaHSIOTCA 3HAYUTENBHO OOJbIIEe KOJIMYECTBO
XapaKTEPHbIX OCOOEHHOCTEN rojoca, YeM B MOAXOJAE, OCHOBAHHOM Ha HMCHOJb30BaHUU
npeoOpaszoBanusi Oypee. brnaronaps 3Toit 0COOEHHOCTH, 3Ta TEXHOJOTHS OYEHb XOPOIIIO

3apC€KOMCHI0BAJIA ce0s1 UMEHHO B 3aJ1a4u€ pacCrio3HaBaHUA Iojioca IUKTOpa.

ABTOpBI CYHMTAIOT, YTO TEPCICKTHBHBIM HAINPABICHUEM B Pa3BUTHHU JUKTOP-
HE3aBHCHMOT'0 U JUKTOP-aJaNTHPYEMOTO PACIIO3HABAHUS SBIISICTCS PACIIO3HABAHUE PEUH,
UCIIOJIb3YIOIIEeE YaCTOTHO-BPEMEHHBIC BEKTOpa B KadecTBe 0Oa3zoBoro snementa, MHC
dbopMupyromme Ha 0a3e 3TUX BEKTOPOB BEPOSTHOCTHBIE XapaKTEPUCTUKHU, KOTOPHIC B
pe3yJibTaTe NocTynarT Ha Bxoa k CMM.

Cucrema pacro3HaBaHUs PEYU U JUKTOpPA MOTYT OBITh OOBEIUHEHBI, HCIIONB3YS
OaifecoBckre ceTH. B cBow ouepeab 23Ta OOBEIWHEHHAs CHCTEMa MOXKET
B3aMMOJICHCTBOBATh C JPYTUMH CEHCOpPaMH, ayAHO-BU3YaJIbHBIMH HCTOYHUKAMU
uH(popManuKM, TaKMMH, HAIpHMEpP, KaK BHACOKaAMEphl W JadbHOMEphl. Takol oOMeH
JMAHHBIMH MEXIY pa3IMYHbIMA HCTOYHUKAMH WHGOPMAIMH MOXKET 3HAYUTEIBHO
YBEJIMUUTH KaK MPOIEHT PacliO3HaBAEMOCTH, TaK U HaJAEKHOCTh PACIIO3HABAHUS ayUO-

BU3yaJIbHOU UH(POPMAIIIH.

PaGora Beimonnena npu nompnepxkke PODU (rpant 01-01-00981) u Unren-

TEKHOJIOKIC.
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