IIporpaMMHoOE CPeACTBO JJISI PACIIO3HABAHUS PeYH

CMU Sphinx

BBenenue

CMU Sphinx — mnpoekt yHuBepcuteta KapHeru-Memiona mo pacrno3HaBaHUIO
yenoBeyecko peun. IIpoekt pasBuBaercss mnoj Juuensued BSD, wmoxer
UCTIOJIb30BATHCS B KOMMEPUYECKUX U HEKOMMEPYECKHX MpoeKkTax. VIcXoaHble KOJIbI
HaxoAsaTcss Ha github M MOCTYMHBI IS CKAYMBAHUS M JIOTOJHEHHS JIO0OMY

YCJIIOBCKY. OCHOBHBIMH HHCTPYMCHTAMMU IIPOCKTA ABJISIOTCA:

® Pocketsphinx — HeGomnbias ObicTpasi mporpaMmma, oOpadaThiBaroIas 3BYK,
aKyCTHUYECKHE MOJICTIH, TPAMMATHUKH M clioBapu. PaboTaeT moj MHOKECTBOM
mwatdopmM, k npumepy Android, 10S, Windows Phone,

® oOubmmoteka Sphinxbase, Heooxoaumas 11t padboTsl Pocketsphinx ,

® Sphinx4 — rubkas 6ubIMOTEKA JJIs1 pacrO3HABaAHUS,

® Sphinxtrain — nporpaMma st 00y4eHHs aKyCTHYECKHUM MOJIEIISIM.

Jns  nanpHEHIIero MNOHMMaHWS MaTepuaia HYXKHO pPacCMOTPETh HEKOTOPhIE

TEPMUHBL:

g AKYCTI/I‘IGCKa}I MOJCJIb — OTBCYACT 3a COIIOCTABJICHHUC 3BYKY HpOHSHeCGHHOﬁ
(I)OHGMBI. [To3BomseT OLOCHUTH PACIIO3HABAHHWC PCUYCBOI'0O CCIMCHTA C TOYKH
3pC€HUA CXOXKECTH Ha 3BYKOBOM YPOBHC. I[JI}I KaXXJI0Ir0 3BYKa HM3Ha4YaJlbHO
CTPOUTCA CJIOKHAasA CTaTUCTHUYCCKasA MOACIIb, KoTOpas OIMIUCBhIBACT

IIPOU3HECEHUE ITOrO 3BYKa B PEUH.

AKyCTHYECKasi MOJIeJIb OMKCHIBAET IMIOTHOCTh PacHpeeieHus BEpOSATHOCTEH
aKyCTHYECKUX KIJIAcCOB (CJIOB, 3BYKOB) Ha 33JaHHOM Y4YacTKE pEYEBOTO

CHUTHaJa,



® (CnoBapp — 3TO (aiisl, B KOTOPOM COTIOCTaBJICHBI JIEKCEMBI i (JOHEMBI (CIIOBO
u ero TpaHckpummus). HeoOxomum ans  npeoOpazoBaHus  ¢GoHEM,

PaCIIO3HAHHBIX aKYCTquCKOﬁ MOACIIBIO, B JICKCCMBI ,

® [pammaruka — (QopMalbHbIE IpaBuia, KOTOPHIE OMHUCHIBAIOT MPOCTHIE
npaBuja IOCTPOCHUA  NpemIoKeHuil. Jlekcembl, IOJIy4YeHHbIE  Ha

nNpeaAbLAYIIEM are, NbITar0TCA COIMOCTAaBUTLCS C FpaMMaTHKOﬁ,

® SI3pikoBasi MOJEIb — 3TO CTATUCTHYECKas MOJieJb si3bika. OHA OMUCHIBAET
BEPOSITHOCTA CJOB W UX KoMmOuHauuid. Takum o00pa3oM pacro3HaBaHUE

JIEKCEM — 3TO MaKCHUMM3AIUs MTPaBIONOoJ00HOCTH PaCcTIO3HAHHOU (Ppasbl.

U3 OonpcAcICHHUA TCPMUHOB, MOKHO 3aMCTUTD HpOCTGI‘/’IHIYIO CBA3b:

user _ text

talks Speech Recognizer sentto

to l interpreter
Sound to Patterns to Phonemes
patterns — ] phonemes to words
converter
Signal Acoustic Language
Processor Model Model

Cnaiig 7 NpocTeitwan cxema pa6oTbl pacno3HaBaTens peuu



Kak sT0 pabortaet

Paccmotpum oO1uit cityvail mporpaMMHOTO paciio3HaBaHUs 3BYKOB.

| 1

3BYKOBOW CUrHan PeayneTaT pacno3HaeaHua

|

ObpaboTka curHana
Hexonep
W M3BNeYeHue NpUaHaKkos

| 1

ArycTudeckue
MpuaHakw A3blKoBbIE BEDOATHOCTH
J, BEPOATHOCTH I
AxycTuyeckasa mogens AsbikoBaa Moaens
A A

I— =3 Cnoeapk TPaHCKpUNUWK }4— —I

Cnaiip 8 TeopeTnueckas cxema pacno3HaBaHUA peun

3BYKOBOM CHTHaJ MOMNaAaeT B MOJYJb IpeaBapUTeNbHOM 00paboTku curnana. Ha
3TOM 3Tale CUTHal JIEIUTCS Ha MEJKUe 4acTH ((peiimMbl), OUUILAETCS OT IIyMOB,
npu HEOOXOJMMOCTH CHUTHAJ MEPEBOAMUTCS U3 BPEMEHHON OO0JACTH B YaCTOTHYIO

(ciextp). Ha BbIXOz€ MOSBISAIOTCS BEKTOPHI HHPOPMAIIMOHHBIX TPU3HAKOB.

«HucThli» 3ByKOBOM CHUTHAJ M €ro NMPU3HAKU NONAAaroT B MOAYJb aKyCTHYECKOU
MOJIEIH, TIE ONPENENeTcs, Kakoil MMEHHO 3BYK OblUl Npou3HeceH. Brpixox —

(hOHEMBI U BEPOSITHOCTH.

C IMOMOLIBIO CJIOBApsA YCTAaHABJIMBACTCA CBA3b MCXKAY ITOCICAOBATCIBbHOCTAMUA
(I)OHeM, OIINChIBACMBIX B aKYCTH‘{eCKOﬁ MOACIN, U CJIOBaMH, OIIMCbhIBACMBIMH B

SI3LIKOBOM MOJEJIH.



Monyne nexomepa aHaIU3UPYET BEPOSATHOCTH, IIONYYEHHBIE OT MOIYJIEH
aKyCTUYECKOM MOJeNM U  A3bIKOBOM MOJENH, U TMpeoOpa3dyeT Hux B

oCJICA0BATCIbHOCTD CJIIOB — PaCllIO3HAHHYIO PCYb.

Apxurexktypa CMU Sphinx B 001X yepTrax ycTpOeHa TaK XKe:

Bpeech

Application
[
_____ [ epue T T T T T Tswech | |Swaren . T T T TT T
c=nkrol somirzl raxulls
L3 w F
Frontend Decoder Knowledge basa
- Soarch Dictionary
Endpointer
.?l -
I 2 I . w
aah Zials Language
patura -+
: + probability Graph ) model
computation ; construction
compuiation

-

Sinbislical Strociurel
paramulnrs inFormakion

Acoustic
model

Cnaiig, 9 Apxutektypa Sphinx

bnokx Frontend oOpaOaTeiBaeT BXOAHBIE [aHHBIE, TOTOBUT ISl JAajbHEHIIEH

paboThI.

baza 3HaHuMii conxepKUT HMHPOpPMALUI0 HEOOXOAMMYIO Ul JieKojaepa. OTa
uHboOpMaIusl BKIIOYAeT B CeOsl aKyCTHUECKYI0 MOJElb W MOJENb s3blKa. baza
3HAaHUH TaK)Ke MOXKET IMOJYYUTh OTBET OT JEKOZEpa, YTO MO3BOJsAET 0aze 3HAHUIA
JUHAMHYECKH HM3MEHSAThCS ce0s Ha OCHOBE pE3YyJbTaTOB IOHUCKA. OTHU
Moau(UKAIMK MOTYT BKIIIOYaTh B Ce€0sl MEPEKIIOYCHHE aKyCTHUYECKHX MOJelen
W/WIN  S3bIKa MOJEJH, a Takke OOHOBJIATH IapaMeTpbl, TaKue Kak CpeaHee

N JUCIICPCUA Hp606pa3OBaHI/I$I M aKyCTHYCCKHUX MOI[CJ'I@I‘/JI.

Jlexonep BBINOJHSET OOJBIIYIO YacTh paboThl. OH cuuThIBaeT naHHble ¢ Frontend,

COIIOCTAaBIIACT HX C JaHHBIMH U3 0a3pl 3HAHWU 1 JaHHBIMHU OT IIPHUIOXKCHUA



Y BBITIOJIHAET IOMCK HauOoJiee BCPOATHBIX HOCJIeI[OBaTeHBHOCTCﬁ CJIOB, KOTOPbIC

MOTJIM ObI OBITh MPEJICTABICHBI PSJIOM OCOOCHHOCTEH.

Jlexonep CONEpKUT MOAYJb MOCTPOCHHUS rpada KOHCTPYKIUH, MOIYJb IMOUCKA U

MOAYJIb BBIYUCJICHUA BEPOATHOCTH COCTOSHUA.

Mogynbs moctpoeHust rpada KOHCTPYKUMH 1o uH(OpManmuu u3 0a3bl 3HAHMIMA
cTpouTt rpad si3bika. MoyIb BEIYMCIIEHUS! BEPOSTHOCTH COCTOSIHUS HA OCHOBAaHHUH
«YUCTBIX» JAaHHBIX OT O5oka Frontend u mHbOpMaIuu OT aKyCTUYECKON CUCTEMBI
CUMTAET BEPOSITHOCTU BBIXOJHBIX COCTOSIHUN. MOYNb MOMCKA CTPOUT BBIXOIHOE
npeyIoKeHHe, UAs Mo rpady, BHIOMpas COCTOSHUS HA OCHOBE BEPOSTHOCTEH

BBIXOJHBIX COCTOSIHU.



Jpyrue npoeKThl AJIsl paCO3HABAHUS PEUYU

Jns BersiBnenust ocooeHnocteit CMU SPHINX Hy)XHO CpaBHUTBH €r0 C JPYTUMH

HN3BCCTHBIMU IMPOCKTAMMU 110 PACIIO3HABAHHIO PCUU.

4 ™

[lpyrne npoekxTsbl

®

HTK

®

@

Julius

[SIP

®

=3

Google Speech Recognition API

[ ]

Yandex Speech Kit

Cnaiig, 10 Aipyrue npoeKTbl

[lepBble yeThIpe MpPOEKTa BBIMYCKAalOTCA MoJ JinneHsued BSD, HO pemeHus ot
Google u Yandex — nponpuerapHblie, 0€3 OTKPBITOrO UCXOAHOTO KOJa U X HENb3s
UCIIONIb30BaTh B KOMMEpPYECKUX MpoAyKTax. B manbHeliem Oyaem CpaBHHUBATH

ICPBLIC YCTHIPEC IIPOCKTA.

CpaBHeHne OyAeT TMPOBOJUTHCS IO YETBIPEM  KPUTEPHUSM:  JOCTYIHBIE
pa3paboTUMKy S3bIKM MPOTPAMMUPOBAHUS, HAJIMYKE JIOACH, HCIONb3YIOUIUX
IPOrpaMMHOE CPEJICTBO, HAIMYME IPUMEPOB U 00YJarOMIMX CTAaTel JUIsi HOBUUKOB

Y COCTOSIHHAE Pa3paOO0TKH Ha TaHHBIH MOMEHT (aKTUBHOE WJIA HET).



; Programming Development Tutorials and < Trained
U languages activity examples CARTIESNLY models
CMU Java, C, Python, - voilim
Sphinx others
languages
: Subset of
Kaldi C++, Python English
HTK C, Python None
Julius C, Python ++ ++ + Japanese
ISIP C++ ++ S + Digits only

Cnaiig 11 CpaBHeHue

MoHo 3amMeTHTh, 4TO U3 Beex npoektoB CMU Sphinx mo3BossieT ucmosib30BaTh
JUIsE  pa3paOOTKH  OOJIBIIMHCTBO  MOMYJISIPHBIX  A3BIKOB, HMMEET aKTUBHOE
coOO0IIIeCTBO pa3pabOTUYMKOB, a TaKXKe YK€ HMEETCS OOJIbIIOe KOJIUYECTBO

IPUMEPOB U 00YJAIOIINX CTaTEH.

[To akTuBHOCTHU Ha github MpoeKkTHI pacnpeesneHbl CIeayoIUM 00pa3oM:

Comparison of Github Interest for
Speech Recognition Toolkits

Julius F
CMU Sphinx (Java) r
CMU Sphinx (C) F

0 200 400 600 800 1000 1200 1400 1600 1800

W Star M Fork

Cnaiig 12 CpaBHeHue
Kaldi, kax Oonee HOBBIM TmpoekT, pa3BuBaercsa aktuBHee. CMU  Sphinx

Pa3BUBACTCA 9yTb MCHCC aKTHBHO.



[IpumeHenue

[Ipeanonaraemsie cpepbl NPUMEHEHHUS:

ABTOOTBGT‘II/IK-CerCTapB JJIA AO0Ma U1K B KOMITAHHUH,

e Couornpocsli,

[Tpuém 3aka30B U aBTOMATH3AIMS CIY>KO JOCTaBKH,

Nudopmanmonnas noaaepkka, CpaBoyHas ciykoa,

[lepBas nunus Texnoanep:xku/call mentp,

¢ OOecnieueHne 6€30MACHOCTH, aBTOMATH3AIMs aHAIN3a TEIEPOHHBIX Pa3rOBOPOB

U TIPOCIYIIKH,

e YMHBII 1I0M, HaOJIIOICHKE 32 TIpecTapesibIMU (HE BCETa XBaTaeT CHJI JOIOJI3TH
10 TpyOKu TenedoHna, HO MOXKET XBaTUTh Ha Kpuk «[lomorure!» - pacrnosznas
KOTOPBIN MPOrpaMMa CMOKET BbI3BATh MIOMOIIIb U CBSA3AThCA C OJIM3KUMHU).

HaunbGoniee uHTEpeCHO MpPUMEHEHHWE B YMHOM JOME, BEIb YMHBIM JIOM — 3TO
Oyayliee, KOTOPOE MOXKET MOJYYUTh MAacCOBOE pacHpoCTpaHEHUE B Omkaiiiee

BpEMSL.

-

[NpMmeHeHne B KYMHOM AOME»

® YMHEBII JOM — CHCTEMA JTOMAIIHUX VCTPOUCTB,
CIIOCOOHBIX BEHITIOTHATH JACHCTBUS U peliaTh
OLIpe/ICIICHHbIE TIOBCEIHEBHBIE 3a1a4M 110 KOMAaH[aM
yernoBeka 0e3 ero yuacTusd

Cnaiig 13 BBegeHue B yMHbIN J0M



[Ipunoxxenus ¢ WCMOAB30BaHMEM SphinX MOTYT pEaln30BBIBATH CHCTEMY

yIpaBICHUS YMHBIM IOMOM C TOJIOCOBBIM HHTEpPeiicoM.

4 ~

[lpMmeHeHne B KYyMHOM JOME»

e [IpumokeHHNs ¢ UCIIOIL30BaHHeM Sphinx MOryT
peann30BBIBATH CUCTEMY VIIPABIEHUS] YMHBIM JIOMOM C
TOIIOCOBBIM HMHTep(pericoM

Cnaiig 14 Ponb CHUHKC B yMHOM Aome

[Tono6no Tomy, kak Tonm Crapk ob6maercs ¢ JARVIS, mogu cmoryt otaaBath
KOMaHJIbI CHUCTEME CBOETO JIOMa C TIOMOIILI0 TPHWIOKECHHM, pa3pabOTaHHBIX C

ucnoaszoBanueM CMU Sphinx.

Y CMU Sphinx ectp aBa moaxoma I pacliO3HABAaHUS PEUU: HCIIOIH30BaHUE
M0JIb30BATEIbCKOM T'PaMMAaTHKU W HCIOJIb30BAaHUE SI3BIKOBOM Mojenu (0OBIYHO
CO3JJaHHOM CHEeNHAIMCTaMU U ONMHUCHIBAIOUIEH OOJBIIYI0 YacTh E€CTECTBEHHOI'O

SI3BIKA).

Crout paccMoTpeTh 06a criocoba:



1) Ilpumenenne rpaMMaTUKH

/

[TpyMmeHeHne B «YyMHOM AOME» C
NCMO/Ib30BaHMEeM COOCTBEHHOM
rPamMmmaTmKun

¢ Kauyaem akycTHUECKYIO MOZENb ¢ PEHO3HTOPUS IIPOeKTa
CMU Sphinx

* B ¢aiin croBapa noGapisgeM cloBa, KOTOpPbIE BXOAAT B
KOMAaH,TbI

* B aiine rpaMMaTUKH OTTUCHIBACM IPEIIOKEHHUS, KOTOPBIE
OyIVT pacno3HaBaThes
o 777

e PROFIT!

Cnaipg 15 NMpumeHeHUe rpaMmmaTUKn

OcobeHHOCTM MCNONb30BaHUA
COOCTBEHHOM rPAMMATUKM

[IroChI:
b Bbl,[[aeT XopolnHe pe3yabTaTbl HA MaJIOM KOJIMYECTEBEC
KOMaH/[,
® PaBDaGOT‘IHK MOXKET CO34aBaTb y,[[OGHbIe eMy
KOHCTPYKITUH
MUHYCHI:
hd FOBOpI/ITb HY}KHO 94JIeHOpPasAe/JIbHO

® Hpeﬂ,JIO}KeHHH JOJIZKHBI CTPOI'o COOTBETCTBOBATD
rpaMMaTHuKe

Cnaiig, 16 Oco6eHHOCTM UCNOAb30BaHUA FPAaMMaTUKKU




I'pammatuka gt CMU Sphinx cosmaercs B dopmare JSGF (Java Speech

Grammar Format):

-~ ~

Mpumep rpammaTtrkn B popmate JSGF

grammar exampleGrammar:
public <gxampleGrammar> = (<object><action>);
<object> = (KomummnooTep | CBeT | YaMHHMK) ;

<action> = (BKJIOUMTEL | BHKJIOUMTL) ;

Cnanpg 17 JSFG

2) IlpuMeHeHuE S3BIKOBON MOJICIIH

- ™
[TpmeHeHne B <YyMHOM JOMEY» C
MCNONb30BaHNEM A3bIKOBON MOAE/U

e KadaeM aKyCTUUECKYIO U SI3BIKOBYH) MOJIEIH C
penozuTopmst mpoekta CMU Sphinx

* B (aitn coBapd m1o0apmIgeM claoBa, KOTophle BXOJAT B
KOMAH]TBI

° 777

e PROFIT!

Cnaipg 18 Ucnonb3zoBaHue AM



4 o )
OcobeHHOCTM MCNOb30BaHUA A3bIKOBOM

MOZEeNun

[Tirochr:
¢ [Ipe110XKeHUSA MOTYT CTPOUTHCA € OMUOKAMHU
e [lonb30BaTeb He OrpaHUYeH MaJibIM HAaGopoM
npeaaoKeHui
MHUHYCEI:

e Ha 3aJadax, rjge He TpEﬁyeTCH DoJibllee KOJTUYECTBO
KOMaH/, paclno3HaeT (1)[)3351 Xy¥e, HeM NpruaoxKeHne
C UCNTOJB30BAHHEM TPAMMATHKH

Cnaipg 19 OcobeHHocTM M

BriBoa: WCIONB30BaHUE SA3BIKOBOM MOJEIM TO3BOJISIET PAaClO3HATH OOJIbILIE
IPEUIOKEHUM, HO B CUCTEMAaX C OIPAaHMYEHHBIM UYUCIOM KOMaHJ, Kak B YMHOM
JIOME, pPa3yMHEE HCIOIb30BaTh IOJb30BATEIBCKYIO I'paMMaTHKy. CKOpOCTh H

Ka4€CTBO paCIiO3HaBaHUA 6yaeT OTJIMYATbHCA B JTyUIIYIO CTOPOHY.



3aKIII0UCHHUE

3aK/1royYeHune

e Sphinx — Morroe cpegcTBO AT 3a1a4
pacrio3HaBaHUSA peud B o diraiiie

e Open-source, MOCTOSHHO Pa3BUBACTCS. AKTUBHO
UCIIONIb3YETCS B KOMMEPUECKUX M HEKOMMeEpUe CKUX
rpoekrax (Chatter, Misterhouse, Nightingale)

* MOKHO HCTIONB30BaTh HA Pa3HBIX IDIaT(hopMax
(Pocketsphinx) v ncarb IPUIOKEHUS HA pa3HBIX
SI3BIKAX 1IPOI PaMMUPOBAHUS

e He BBI3BIBAaeT 0COOBIX CIOKHOCTEN B HCITONbL30BAHUHI
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