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UHTEI'PALIUA BU3YAJIBHOT'O 1 PEHEBOI'O CIIOCOBOB
YIIPABJIEHUSA TEKCTOBBIM PEJAKTOPOM

®enses O.1., 'nanynos C.A., bonnapenko N.IO.
JloHeuKuii HAIMOHAJIBHBIA TEXHUYECKUN YHUBEPCUTET

Poszensioaemvcs  eéxnouenna  moenennesoco  inmepgpeiica y
mexcmosuil npoyeccop Microsoft Word 3 memor niosuujenus
egpexmuenocmi  pobomu  Kopucmyeaua ni0 uac 6600y ma
peoazy8anHs O0OKyMeHmI8. IIpononyemocsa cmpyKkmypa
MOBIIEHHEBO20 KAHALY inmepgetica Ha OCHOBI 83aEMOOII cecMeHmHO
ma YinicHOl cucmem pO3NI3HABAHHA, Nepuia 3 AKUX peanizosana y
HelpomepeicesoMmy, a Opy2a — y HeuyimKomy 6asuci.

PaccmatpuBaercs mnpoOiiema co3iaHUsl  CPEACTB  pedyeBOU
KOMMYHUKAIIUA MEXIY YEJIOBEKOM M KOMIBIOTEPHBIMH CUCTEMaMU.
JloGaBieHue peyeBOro KaHajda B KOHTYp YIPaBJICHUS CIOXHBIMU
YEeJIOBEKO-MAIIMHHBIMU CHUCTEMaMHU TMO3BOJIUT 3HAYUTEIbHO MOBBICUTH
3pdexTuBHOCT, UX paboThl. Takoi CIOXKHOW C TOYKH 3PECHUS
VHTEPAKTUBHOIO B3aUMOJECUCTBUS CUCTEMOM SIBIISIETCS COBPEMEHHBIN
TEKCTOBBIM pENaKTOp, MPEAOCTABISIONINNA MOJb30BATEII0 OOJBIIOE
KOJIMYECTBO (DYHKIITMOHATBHBIX BO3MOXKHOCTEH M CBSI3aHHBIX C HUMH
KOMaH] M0 BBOJAY U PEIAKTUPOBAHUIO PA3JIMIHOTO TUIA HH(POpMAIUH.
PanuonanpHOE coYeTaHME PEUYEBOrO M CTAHJAPTHOTO BHU3YaJbHOTO
CIoco0OB  ympaBJICHUsS MPOIECCOM BBOJAa M PEIaKTHPOBAHHS
TEKCTOBOW WH(POPMAIMU TTO3BOJIUT CHU3UTHh HArpy3Ky Ha TaKTUJIbHO-
3pUTENIbHBIC  KaHalbl 4YEJIOBEKAa M TEM  CaMbiM  IOBBICHTH
apdexTuBHOCTL ero paboTel. O BOCTPEOOBAHHOCTH PEUYEBOTO
uHtepdeiica CBUIAETEIBCTBYET M BO3POCIIEE YHUCIO KOMMEPYECKHX
pa3paboToOK CcHCTEM, HCHOJB3YIOUMX peueBord uHTepdeiic. Tak,
NaturallySpeaking ¢upmbr Dragon System mo3BosisieT peakTUPOBaTh
u (opmatupoBaTh TEKCT C TOMOIIBIO COOCTBEHHOTO TEKCTOBOTO
nporeccopa 0e€3 HCHONIb30BaHUSA KIaBHATypbl U MbImu. KommaHus
IBM  pa3paboTtana aHaJOTHYHYIO MPOTPAMMYy, IO3BOJISIONIYIO
OCYIIECTBJISTh PEUYCBOU BBOJ M (DOpMATHPOBAHHUE TEKCTAa B TEKCTOBOM
nporeccope MS Word. Ha npakTtuke 3TH mporpaMmbl MOKa3bIBalOT
HEJIOCTATOYHO BBICOKHE PE3yJbTaThl (IPH TECTUPOBAHUU TOYHOCTH HE
nocturia gaxe 90% [1]).

442



JlanHasi cTaThsl TMOCBsIIEHa pa3pabOTKe CHUCTEMBI PEYEBOTO
YOpPaBJICHHS, KOTOpash OCHOBaHAa HA CErMEHTHO-LEIOCTHOM MOJIeNu
BOCIIPUSTHUSl PEUEBOr0 CUTHANIA. JDTa OMOHWYECKas MOJelb Oazupyercs Ha
MPEACTaBICHUHN O MO3T€ KaK O JIBYXKaHaJbHON CUCTEME MPUMEHUTEIBHO K
o0paboTke 3BykoBOHMl peun [2]. KaHampl CErMEHTHOTO U IIEJIOCTHOIO
BOCIIPUSTHSI, COOTBETCTBYIOLIME JIEBOMY M TMPaBOMY MOJyLIApPHUIM
rOJIOBHOTO MO3ra, JEWCTBYIOT NapajjIeNibHO, OO0ecrnedynBas BBICOKYIO
CKOPOCTh UM HaJE&XHOCThb paclio3HaBaHus. B crarbe mnpennaraercs
peanuzaiys TEpPBOr0 KaHajla B BHUIE HEUPOCETEBOro MO(YOHEMHOTO
pacmo3HaBarensi, a BTOPOTO — B BHJE HEUETKOro KiaccudukaTopa
LEJTOCTHBIX TAaTTepHOB (cJioB). B3auMojelcTBUE STUX KaHAIOB IS
pelieHns 3aJayd PeueBOTO YIpPaBICHUS TEKCTOBBIM MpoleccopoM MS
Word noka3zano Ha puc.1.

% TeKCTORBIA CHCTeMA pacmo3HARAHHA
M pPeaaKETOop PEYEERIX KOMAH
Knapmarypa MS Word
DopMupoEaTENE KOMAHT
Hutepnperarop i i
EOMaH
A Heuéteni Hedipoceresoi
Eﬁ) PACTOSHABATENL| |pacmosHaBaTels
B il il
MEmIm Ilepenunan obpaboTra
SEVEOEOID CHTHANA

HpaE e
Winidowrs

Tulimecy o thom Sound Blaster

Pucynok 1 — CTpykTypa pedeBOro KaHaja yrpaBJIeHHs TEKCTOBBIM
penakropom MS Word

[lenocTHRII TOAXOA K PAaclO3HABAHUIO pPEYM OCHOBAH Ha
COIIOCTABJIEHUU MATTEPHOB BXOJHOIO CHUTHANA C XPAaHSAIIMMUCS B MaMSITH
LEJIOCTHBIMU 3TaJOHaMH. B kauecTBe MaTTEpHOB pacCMAaTPUBAKOTCS CIIOBA,
Ha0Op KOTOPBIX ONpPENENSeT CIOBAapHBIA COCTaB PEUYEBOrO0 KOMAHIHOIO
uHTepdeiica ¢ penakropom MS Word.

PeueBoe ciioBO npeacTaBisieTcss B BUAE IBYMEPHOTO CIEKTPAIBHOIO
BpeMeHHOoro obpa3za (CBO), mnomydaemMoro ¢ HOMOUIBIO OKOHHOTO
npeobpazoBanuss  Dypee (puc.2a). CBO mno3BoiseT  BBIJICIUTH
MECTOMOJIOKEHHE PE30HAHCHBIX YaCTOT, T.€. JIOKAJIBHBIX BBHIOPOCOB, UTO
ABJISIETCS ONpEEIIsIoniell 0COOEHHOCThIO peueBoro curHaia [3]. Ha stom
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ocHoBanu CBO MoxHO mpeoOpa3oBaTh K JBOMYHOMY BUAY C MOMOIIBIO
3aMeHbl: | — Ha MecTe JIOKaJbHOro BbIOpoca, 0 — B Jpyrux Mecrax.
[TomyuenHslii 00pa3 sBISAETCS JTBOMYHBIM CIIEKTPaIbHBIM BpPEMEHHBIM
o6pazom (JICBO) u ucnonb3yercs Kak OTpaxxeHne 0COOEHHOCTEH peyeBOro
curHana (puc.20).

Me EfendeEHOTO
HHTEPE AT

100 ¢

128 MsgacToTer

Pucynok 2 — [Ipumep crieKTpajabHO-BPEMEHHOTO IPEACTABICHHUS CIIOBA
“aBrodopmar”: a— CBO; 6 — ICBO

JUJis KOPPEKTHOTO COIOCTABJIEHUSI PEUEBBIX 00pa30B HEOOXOIUMO
IIPOBECTH HMX BBIPABHUBAHME 110 JUIMHE. JTa NIPOLEAYypa BBIINOJHEHA C
IIOMOLBIO HEJIMHEWHOTO BBIPDAaBHUBAHUSI, YUYUTBIBAIOILIETO
HEPABHOMEPHOCTh MPOTEKAaHUS CUTHAJIa BO BpeMeHU [4], s 4ero
VICIIOJIB30BAJICST QJITOPUTM, OCHOBAHHBIM Ha OIPEHACICHUM HaUIy4IIETro
COOTBETCTBHSI BXOJIHBIX M ATaJOHHBIX PEUYEBBIX 00OpPa30B, U3BECTHHIN Kak
merog DTW [5]. B orninune oT asiropuTma JIMHEHHOTO MPUBENCHUS JJIVH,
IIPUMEHSIEMBII aJTOPUTM OCYIIECTBISAET BbIpaBHUBaHUE BXojaHoro JICBO
Y 3TAJOHHOTO 00pa3a TOJIbKO Ha CHEKTPaIbHO MOJTOOHBIX (pparMeHTax.

s pacno3HaBaHUs M30JIUMPOBAHHBIX CIIOB, HOPMAJIM30BAHHBIX I10
BPEMEHH, NIPUMEHSIICS METOJ HEYETKOIO CONOCTAaBJIEHUS C 3TAIOHOM [3].
OranoHHble 00pa3bl Ui KaXJO0ro CjoBa ciaoBaps (OPMHUPOBAIHMCH Kak
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cpennee apupmernyeckoe JICBO pa3nuuHbIX BapHAHTOB MPOU3HOLICHUS
aToro cioBa. B pesynbrare popmupyercss OMHapHOE HEYETKOE OTHOILICHHE
MEXIY MHOXXECTBOM F' (HOMEpPOB 4YacTOT f) U MHOXECTBOM 1 (HOMEpOB
BPEMEHHBIX UHTEPBAJIOB ) B BUJIE:

feF,teT : FRT,

rie R — HE4€TKoe OTHOIIEHHWE, KOTOpPOE CTAaBUT KaXKIOW mape
anemMeHToB  (f,t) € FxT  BeauuuHy  (QyHKIMM  OPUHALICKHOCTU

Lgr(x,y)€[0,1]. Habop Hewu€Tkux oOTHOWEHUHN R={r,r,. .1,

ONpPEIENSET CIIOBAPh ATAIIOHOB PA3MEPOM 71.

PacnioznaBaemblii 00pa3 y paccMaTpuBaeTcs Kak 0ObIYHOE (YETKOE)
OTHOILICHUE MEXKJy MHOXKECTBOM YacTOT W MHOYKECTBOM BpPEMEHHBIX
MHTEPBANOB. J[JI1 HEro BBIYMCIAIOTCA CTENEHU CXOJCTBA S; C KaXKIbIM
HEYETKMM OTHOHIEHWEM 7; , M PE3yJbTaTOM DPACHO3HABAaHMA SBIACTCS
HOMED j CJIOBA B CJIOBApE, TAKOU, 4TO

j= max {S},
Jell,n]
rae
g - [ri(f ) A y(f t)dfdt
/ ,[_'rj(fat)/\y(fat)dfdt

beun MIPOBE/ICHBI AKCTIIEPUMEHTAIbHbIE UCCJIEeI0BAHMS,
HaIlpaBJI€HHbIE HA OINpEICICHHE KAayecTBAa pACIO3HABAHMS PEUYEBBIX
KOMaHJ 10 METOAY HEYETKOrO0 COIOCTABICHUS MNPU JIMHEMHOM U
HEJIMHEIHOM BhIpaBHUBaHUU 00pa3oB. [[i1s1 sxcriepuMeHTa UCIoib30Baiach
pedeBasi OIHOJUKTOPHAs 06a3a JaHHBIX, BKItOUaBIas B ce0s 3ByKo3anucu 6
pEYEBBIX KOMaH/]I yIpaBJeHUsS TEKCTOBBIM IpolieccopoM: “ABTodopmart’”,
“AKupubiii”, “Kypcup”, “Mapkeps”, “Haittn”, “Hymepaums™. Kaxnas
peueBasi koMaHia Obuia npeacrabieHa 30 peanuzanusmu, 15 U3 KOTOPBIX
UCIIOIB30BAINCH JUIsi OOYYEHHUsI CUCTEMbl, a 15 — i TeCTUpOBaHUA.
Pe3ynbTaThl pacno3HaBaHus CJIOB TECTOBOI'O MHOXECTBA MPEACTABICHHI B
Tabum. 1.

Tabmuua 1. Pe3ynbrarsl TECTUPOBAHMS CUCTEMBI

Astodpopmar | Kupusiii | Kypcus | Mapkepst | Haiitu | Hymepanus | Mroro,
%

ABtodopmar 15 0 0 0 0 0 100,00
Kupnsii 0 15 0 0 0 0 100,00
Kypcus 0 0 15 0 0 0 100,00
Mapxkepsl 0 0 0 15 0 0 100,00
Haiitn 0 0 0 0 15 0 100,00
Hywmepanus 0 0 0 0 0 15 100,00
KauectBo pacnioznaBanus cocrasmio 100,00%
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CerMeHTHBI TOAXOJ K pAclO3HaBaHWIO pPEYd OCHOBAaH Ha
(GOHETHMYECKOM  aHajauW3e pedeBoro curHama. IlpemmokeH  MeTof,
OCHOBAaHHBI Ha ONPEICICHUU MEphl CXOJCTBa (parMeHTa PEUYECBOTO
CUTHaJa C KaxJIod u3 ¢GoHEM C TMOCIEAYIOIUM BBIOOPOM HauboJsee
JIOCTOBEPHOM (hOHETUUYECKOM IETOUKH [6].

ITyctb A,,(2) — akycTHYECKOE MPEICTaBICHUE BhICKAa3bIBAaHUS W; Fi(t)
— aKyCTMYeCKOoe TpeJCTaBlieHne HekoTopoil ¢onembl. TpeOyercs
OTIpeNIeNNTh, sBIseTCs au ¢doHema, omuchiBaemas Fi(t), (pparmeHTOM
BBICKa3bIBaHUS A ().

IIpencraBum Fj(?) Ha OTpe3Ke [#), ¢;] B BUIE MHOXKECTBA Tap

(X0, Y1)}, (1)

re X (1) =(Fi(t-m), Fu(t-m+1),...Fy(t=1)), m=const; Y ()=F(t); ty<
t < t;. AHajoru4Ho npeacTaBuM A,,(t) B Bujae MHOXecTBa nap {X(z), Y(1)}.

[IpencraBnenne Fi(t) B Buae (1) mno3Bomser chopMUpOBATH
HeripoceteByto ¢yukuuio NET: NET (X'(1) = Y(t). Torma Mepa OTIUYUS
Err, yuactka A,,(t) nipu teft, , t.] ot Fy(t) onpenensercs: Err(t) =| Yi) -
NET(X(®)|.

Takum oOpa3om, mModydaeM HOBOE NapaMETPHUECKOE OIMHMCaHWe
MCXOJHOTO CUTHAJA!

Aw(t) = (Erri(t), Erry(t) ... Erry(t)),

rae Erry(t) — mepa otnuuus ydactka curHana A,(t) ot k-t hoHembl
Ha ()parMeHTe CUTHAJIA ATUTEILHOCTH 1.

HoBoe mnapameTpuueckoe ONHCAHME HCXOJHOTO CHUrHajga HWMEET
IPEUMYIIECTBA, CBA3aHHBIE C OOJiee BBHICOKOW CTAOMIIBHOCTHIO OMHCAHUs
HAa CTalMOHAPHBIX YYacTKax, a TaKkKe C HUHTEPIPETUPYEMOCTHIO
NOJIy4eHHBIX BenuuuH. OpHako cioxHas @opMa U 3HAYUTENbHAS
HECTAOMJIBHOCTh PEUYEBOI0 CUTHAJA HE TMO3BOJISIIOT CHAENaTh BBIBOJA O
(doHemMe MO OTAENbHBIM MIHOBEHHBIM 3HaueHUsIM Mep oTinuusi Errk(t).
[ToaToMy pe3ynbTaThl paclo3HABaHUS YCPEOHSIOTCS Ha JIOCTATOYHO
OonpIIOM ydacTke BpemeHH. [lomydeHHOe mapaMeTpuyecKkoe OIHMCaHHUe
CUTHAJIa UCTIOJIB3YETCS MPHU JalbHEHIIe KOHTEKCTHONH 00paboTKe, KaK 3TO
MOKa3aHO Ha CXeMe pacro3HaBaHus (puc. 3).

[lepBbIii ypOBEHb CXEMBI COCTOMT W3 HabOoOpa HEUPOHHBIX CETEH,
KaKJash W3 KOTOPBIX OOydYeHa paclo3HABAHUIO OTACIbHONW (DOHEMEI.
BbIxonpl cerell MHTEPNPETUPYIOTCS Kak MPOTHO3 CIEAYIOIIMX 3HAYEHUI
CUTHaja MpH yCIOBUH, YTO MMEET MECTO COOTBEeTCTBYIomas (gonema. Ha
BTOPOM  YpOBHE OIIMOKAa TPOrHO3a  HaKaluIMBaeTcs Ha  Bceld
NPOTSKEHHOCTH OKHAa cerMeHTa peud. MHTerpajibHas ommoOka MmocTynaeT

446



Ha TpPETHl YpOBEHb, Il€ M3 BceX (OHEM BBIOMPAIOTCS HaWUITyUlIHUE.
[TomyuyenHslit HaOOp y4acTByeT B (pOpMUPOBAHUH (POHETUUECKUX LIETIOYUEK,
OPEICTaBIAIOMMUX  cO00M  ruUmoTresbl O  MPOM3HOCUMOM  CJIOBE.
[IpousHecéHHoe CJIOBO OmNpeAeNsieTCss IO IENOoYKe C HauOOJIbIICH
CTETEHBIO IOCTOBEPHOCTH.

- . H
HefipoceTeroit i
TOTPELIEOCTE,
— T e e LT IEDT
dhozensr 1 i
CTEIEER Cmoraps
T BELATTITS WHO O TH
CI¥HO cermeRTa petE CETMEHTA Dt
— I Joneme
\ | | d Cemeyrap Tpad & .
IIII I |I| h | - 5 doment ECIMOWEEDL CEHTARCHEECYEH | Chynpn
[ [ o ypormm || Memowey [ AHATCATOD
MO TOEEDHOT TH domem e
domem
L
C¥Eo IpOTHOZA | Hemerparop
mrpenl::-mcnf: T AKC e C T
- - O T e TLAEO TACHEED
HefipoceTeroit TR TISEE TP AETT
ATHIPO¥CHMATOD . o
dozersr N CETMEHTA Dt
doxeme

Pucynok 3 — Cxema pacno3HaBaHUs pE€YU HA OCHOBE
HEHpPOCeTeBOH anmpokcuManuu (ponem

PaboTta Merona mpoMIUIIOCTpUpPOBAaHA Ha MPUMEpPE PACIO3HABAHUS
cnoBa “ommu” (puc.4). B mpumepe 3anmeiictBoBaHO deTbipe (poHeMbl. [
anIpOKCUMAIIMU UCIIOJIb30BaHbl TPEXCIONHBIE CETU TUIA “MHOTOCIOWHBIN
nepcentpon”’ ¢ 20 BXOAaMHU M KOJIMYECTBOM HEWPOHOB B ciosix 20-10-1.
KonnyecTBO BXOJOB ONPEAEISUIOCh B COOTBETCTBUHM C OLEHKOW MEPHOJA
OCHOBHOT'O TOHa JUIsl JaHHOTO AMKTOpa. B 00ydyenunn ucnomnbs3zoBano mo 10
peanu3anuii Kaxxaou GoHeMbl OJTHOTO TUKTOPA.

Ha puc.4 BuIHO, YTO MHHMMYMBI OIUMOKH IIOCJIEAOBATEIBHO
JNOCTUTarOTCsl Ha YydacTKaX CHrHajga, COOTBETCTBYIOIIMX —3a/laHHBIM
dbonemam.

Ha ocHoBe wmeroma OblT pa3paboTaH MOAYJIb pacliO3HaBATEls,

cioBapb  KoToporo BkIwoudanm 60 pedeBbix KomaHA. To4yHOCTH
pacro3HaBaHusl 3TUX KomaH peBbicuia 90%.
[IpenyioxkeHHbIE  CIMOCOOBI  PEYEBOTO  YMPABICHUS TEKCTOBBIM

pEeIaKTOpoM OBLIM pEaM30BaHbl B BHJE MPOTPAMMHOTO KOMITOHEHTA

ActiveX, wunrerpupyemoro c¢ cucremod MS Word. B pesynbrare
TECTUPOBAHUS  HAWJIEH  ONTHUMAJbHBIA  OalaHC MO  KPUTEPHIO
SPrOHOMHUYHOCTHU MEXIy  peyeBOU u TaKTUJIbHO-3PUTEIBbHOMN
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COCTaBJIsItOLIel MHTEpdeiica ¢ TEKCTOBBIM peaakTopoM. Uepes peueBoit
KaHall uHTepdeica 1eaecoo0pa3Ho OpraHU30BBIBaTH Nepenavy Haubosee
yHOTPEOUTENBHBIX KOMaHI, a TAKKe MaKpOKOMaH/ (TIOCIeI0BaTEIbHOCTEH
NPOCTBIX  JCHCTBWIA), CBS3aHHBIX CO CIOXHBIM PEIaKTHUPOBAHHEM
JNOKyMeHTa. TaKTHIbHO-3pUTEIbHBIA KaHAJ 1€JIeCO00Pa3HO HUCII0JIb30BATh
JUIA Tepejaud KOMaHJ, CBA3aHHBIX C MO3MIIMOHUPOBAHUEM (PparMEHTOB
JIOKYMEHTa B IIPOCTPAHCTBE.
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Pucynok 4 — I'paduxu Mepbl OTIMYHUS BXOAHOTO CUTHAJIA OT
pa3nu4HbIX (POHEM JJIs IBYX BAPUAHTOB IIPOU3HECEHUS CI0Ba “OJUH:
(- - -) — TMHUSA HAMMEHBIINX OLIMOOK, ONPEAEIIAIONIas HAMTYYIIYIO

LENnoYKy GoHeM

Jlureparypa:

1.

2.

[IporpaMMbl  cHMHTE3a W pacmo3HaBaHMs  pedd. TecroBas
naboparopus. — http://art.bdk.com.ru/govor/11istr62t.htm.
Bocnpusitre peun: Bonpocs! GyHKIIMOHAIEHOW aCHMMETPHH Mo3ra /
Mopo3zos B.II., Bapransu N.A., I'anyno B.1. u ap. — JI.: Hayxka,
1988. - 135 c.

Kuensu Acau, J[3toua30 Barana, Cokyke MBau u np. Pacno3naBanue
peun // Ilpuknanneie Heuétkue cucreMsl. [lon penakmnueii T.Tapano,
K. Acan, M. Cyreno. — M.: “Mup”, — 1993. — 157-170 c.

Bunmrok T.K. Ananus, pacno3HaBaHMe M MHTEPIpPETALUs PEUYEBBIX
curHanoB. — KueB: HaykoBa nmymka. — 1987. — 264 c.

448



5. Stuart N. Wrigley. Speech Recognition by Dynamic Time Warping. —
http://www.dcs.shef.ac.uk/~stu/com326/index.html.

6. ®enses O.U., I'manynos C.A. HelipoceTeBoii HHTEpIIpETATOP
peueBbIX KOMaH/ ISl YIIPaBJIEHHsI IPOrPaMMHBIMH CUCTEMaMH. —
Tpynet 7-ii Bcepoccuiickoii KoHpepeHmH “HelpokoMIbIOTepBI U
ux npumenenue”’, HKII-2001, Mocksa, 14-16 despans 2001 r./ [Toxg
penakuueit A.W. INanymkuna. M.: UHCTHTYT Tpo0OieM yrnpaBieHus,
2001 —c. 298-301.

449



