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OB30P U TECTUPOBAHUE CUCTEM PACIIO3HABAHUS PEUA

AHHOTanuA. B 1aHHOM cTaTbe ONUCBHIBAIOTCA U CPABHUBAIOTCS XapaKTEPUCTUKH, TaKHUX
HauboJlee pacpoCTpaHEHHBIX CHCTEM IO pacro3HaBaHuio peun, kak CMU Sphinx, Google Speech,
HTK, Julius, iAtros, RWTH ASR. CpaBHeHHE TPOHCXOIUT IO CIEIYIONIUM XapaKTePHCTHKAM:
MOJICP)KUBAEMbIE SI3bIKM PACIIO3HABAHMS, MOJIEP)KUBAEMbIE OIEPALMOHHBIE CHUCTEMBI, HAJMYHE
JTOKYMEHTAIIUH, OTKPBITOCTh KOJa, HAJM4YMe WM OTCyTCTBUE oduiaiiH pekuma, nokazarenn WER,
WRR, SF. Taxxke omucaH mpomecc W pe3yJbTaThl TECTHPOBAHMUS HAWIYYIIUX IO Pa3IMYHBIM
MOKa3aTesIsIM CUCTEM.
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POLYANICHKO K. S.
OVERVIEW AND TESTING OF SPEECH RECOGNITION SYSTEMS

Abstract. This article describes and compares the characteristics of such most common speech
recognition systems as CMU Sphinx, Google Speech, HTK, Julius, iAtros, RWTH ASR. The
comparison is based on the following important characteristics: supported recognition languages,
supported operating systems, availability of documentation, open source code, presence or absence of
offline mode, WER, WRR, SF indicators. It also describes the process and results of testing the best
systems for various indicators.

Keywords: speech recognition, CMU Sphinx, Google Speech, HTK, Julius, iAtros, RWTH
ASR, recognition accuracy, speech processing speed.

CucreMbl pacrio3HaBaHUSI PEUM Yallle BCETO MPUMEHSIOTCS U1 BOCCO3/aHusl Ooliee y100HOTO
B3aUMOJICHCTBUSI YEJIOBEKA C TEXHUKOW, HampuMmep, AJig rojIocoBOro ympanieHus. Ha ceroansmiHuit
JIEHb PACIIO3HABAaHWE PEUYEBBIX CUTHAJIOB O0OJIAaeT OYEHBh OOIIMPHBIM CIIEKTPOM MPUMEHEHHUs, Kak
MpUMEpP, TOJOCOBBIE TOMOIIHHUKH, KOTOPHIE MOTYT HCIIOIh30BAaThCS B COBPEMEHHBIX TeledoHax,
aBTOMOOWIAX W T.J. [1]. B CBsI3M ¢ aKkTyaJlbHOCTBIO M IIMPOKHM PACIPOCTPAHCHUEM CHUCTEM
pacmo3HaBaHusl, ObUIa IMOCTaBlIEHA 3aja4a OMpeneiuTh Hawnbosee 3(P(HEKTHBHYIO MpoTrpamMmy IO
pacro3HaBaHUIO PEYM W3 BBHIOPAHHBIX C IIEJIBIO JABHEUINEr0o MPUMEHEHHUS] B POOOTOTEXHUYECKOM
nabopaTopHod  TuIaThopMe C TEXHHMUECKHUM  3pEHUEM, TpEIHAa3HAYeHHOW I OOyYeHHS

pOGOTOTeXHI/IKe, a TaKKC y4aCTusd B pOGOTOTGXHI/I‘-ICCKI/IX COPCBHOBAHMUIAX.



OcCHOBBIBasICh Ha HEKOTOpHIC naHHble W3 paboTel bemenko M. B. m banakmmua II. B.
«CpaBHHUTENBHBIA aHAIU3 CHUCTEM PACIO3HABAHUS PEYH C OTKPBHITBIM KOJAOM» OBUIM PAacCMOTPEHBI
CYIIECTBYIOIIIME CHCTEMBI pacrio3HaBanus peun, Takue kak CMU Sphinx, HTK, iAtros, Julius, Kaldi u
RWTH ASR, Google. Bbibop ¥MEHHO 3THX CHCTEM OOYCIIOBJIEH YaCTOTOW YITOMHHAHHS B HAy4HO-
UCCIICIOBATENILCKUX  JKYpPHaIaX H  TOMYJSIPHOCTH CpPeAM WHIWBUAYAIBHBIX  pa3padOTYMKOB
mporpaMMHOTO oOecniedeHus [2]. B ormnwumu oT BBIIE YKa3aHHOW pabOThIl pacCcMaTpPUBAIUCH
MPOrPaMMBI HE TOJILKO C OTKPBITBIM KOJIOM, a TaKXe MOAPOOHO ObUIM OMHMCAHBI 3TANbl TECTUPOBAHUS
MIPOTPaMM U Pe3yJIbTaThl HCIIBITAHUH.

[Tpu ananu3e cuctem OBUTH PACCMOTPEHBI CIEAYIOIIME MOKA3aTeNU: MOJICPKUBACMBIE S3bIKU
pacro3HaBaHus, MOICPKUBAEMBIC OIEPAIIMOHHBIC CHUCTEMbl, HAJTUYHE JOKYMEHTAIMH, OTKPHITOCTH
KOJla, HAJIMYMe WIN OTCYTCTBHE oduiaitH pexkuma, mokasarerm WER, WRR, SF.

WER - »53T0 TOYHOCTh pacno3HaBaHHUs, KOTOpas SBIISCTCS IIOKa3aTeleM KadyecTBa U
OIpeIeNIIeTCs KaK MPOIEHT HenpaBUiIbHO pacno3Hanubix cioB (Word Error Rate), a mokasarens WRR
(Word Recognition Rate) Hao00OpoT oTpa)kaeT MPOIECHT MPAaBWIBHO PACIO3HAHHBIX CJIOB. BTopoit
Ba)XHBII KPUTEPUH PACIIO3HABAHUS PEUH, KOTOPBIH OBLI PAaCCMOTPEH — CKOPOCTh O0OpabOTKH peuw,
BhIpa)KEHHBIN B moka3arenu ckopoctu SF (Speed Factor) [3].

B Tabmume 1 CHUCTEM TIO

MNPpEACTABJICHbI OIIMCAHHBIC XAPAKTCPUCTHUKU  PA3JIMIHBIX

pacrno3HaBaHuIO peun [2].

Tabmnma 1
O030p cucTeM MO PacO3HABAHMIO PevH
Cucrema | Ilognep:xusae | Ilopnep:xxuBae Hanu4yue Otkp | Odaaiin | Ilokasare
Mble SI3bIKH mbie OC JAOKYMEHTAIIMU | BITOC | PeKUM JIM:
pacno3HaBaH Th WER(%),
us K012 WRR(%0),
SF
CMU MHOX€eCTBO Linux, Mac [MonpoOHas + + 21.4/22.7,
Sphinx sa3p1k0B, B ToM | OS, Windows, | onnaiin 78.6/77.3,
(pocketsph | uucne Android JOKYMEHTaIsI 0.5/1
inx) AK30TUYECKUE
HTK Aurmuiickuii Linux, Solaris, | HTK Book - + - 19,8, 80,2,
HPUX, IRIX, HCUEPIIbIBAOIIAS 1.4
Mac OS, nHpOpMAIHS
FreeBSD,
Windows




[Iponomxkenne TadmuIs! 1

Cucrema | Ilognep:xxusae | Ilogaep:kuBae Haanuue Otkpsl | Oduaiin | [lokaszare
MBbI€e A3BIKHU Mmbie OC JOKYMEHTAIlMU | TOCTh pexum JH:
pacno3HaBaH Koaa WER(%),
us WRR(%0),
SF
Julius SInoHCKUI, Linux, Julius Book - + - 16.1, 83.9,
AHTIUHACKAN Windows, AHAJIOTUYHO 2.1
FreeBSD, Mac | HTK Book
oS
iAtros AHTIHHCKHA, Linux OtcyrcTBUE + - 16.1, 83.9,
Hcnanckuit JOKYMEHTalUU 2.1
RWTH AHrmmiicknii Linux, Mac HenonpoOuas + - 15.5, 84.5,
ASR (ON) JOKYMEHTaIus 38
Google MHOXeCTBO Linux, Mac Owtaiin - - 49, 95.1,
SI3BIKOB OS, JIOKyMEHTaIUS 0.5
Windows,
Android

W3 mepedncieHHBIX BAapHAHTOB JUIsI TECTHPOBaHUS ObLIO pemieHo BbIOpaTh cuctembl SMU
Sphinx u Google. /Tantoe pemierre ObLIO caenano B cBsa3u ¢ TeM, uto CMU Sphinx exuHcTBeHHAs U3
NEPEeUYMCICHHBIX MOXET paboTaTh B oduiaifH peXxume, a TakkKe, He CMOTPS Ha HE OYEHb BBICOKYIO
TOYHOCTh PacloO3HaBaHUs, 001a1aeT OHOM U3 JYUIIUX CKOPOCTEH paclio3HaBaHUS U3 BCEX YKa3aHHBIX,
OOJIBIINM KOJIMYECTBOM TIOJIEP’KUBAEMBIX SI3BIKOB, pacrpocTpaHseTcs no nurensueid BSD, kotopas
paspenraer BCTpanBaHWE B KOMMEPUYECKHE MPOEKTHI, @ TAKKE BO3MOKHOCTHIO BHECEHHUSI H3MEHEHUH B
OTKpPBITBIN KA. Bb160p BTOpO# cucTeMsl ObLT 00ycioBiIeH HawtyumuMu nokaszarensimu WER u WRR.
U oxpHuM n3 BakHeWMX Kputepues Obita nognepxkusaemas OC, ato OC Windows.

Jlanee ObUIO MPOBEACHO TECTUPOBAHME CUCTEM, KOTOPOE OCYILIECTBIISIIOCH C MPUMEHEHUEM
s3pika Python u BeIOpaHHBIX paHee B 0030pe cuctem: PocketSphinx APl u Google Speech API u
oubnmotek SpeechRecognition u Pyaudio.

[TepBbIif TecT MO pacro3HABaHUIO TEKCTa U3 aynuo Qaiina ObUl caenaH ¢ UCHOJIb30BAHUEM
Google Speech API u 6ubmmorexk SpeechRecognition.

Cam ayauo (aiin comepskan ciaenyromuii Teket: « Who’s the low to the left shoulder take the

winding path reach the lake no closely the size of the gas tank wipe degrees off is dirty face men to call

3



before you go out the Redwood valley strain and hung limp the stray cat gave birth to Kittens the young
girl gave no clear response the meal was cooked before the bell rang what Joy there is a livingy.
JlanHbIid ayno ¢aiin B3ST ¢ MHTEPHET-pecypca U TeKCT, 3alIUCAHHBIA B HEM IPOU3HOCUTCS JUKTOPOM,
JUIS KOTOPOTO AHTJIMACKUNA SI3bIK SIBJSIETCS POJIHBIM, 3allUCh ClieJlaHa B XOpOIIEM KadecTBe 0Oe3
MTOCTOPOHHUX IITyMOB.

HacTtpoiika u TecTupoBaHue EPBON CUCTEMBI OCYIIECTBIISIIACH 110 CIAEAYIOLIEMY aITOPUTMY:

1. YcranoBka 6ubimorexn SpeechRecognition B koMaH/IHOW CTPOKE KOMIIBIOTEPA.

2. Bei3oB python B koMaHIHOM CTPOKE KOMIIBIOTEPA.

3. IMnopT TOJIBKO, YTO 3arpyKEHHON OMOIHOTEKH.

4. Co3nanue 3k3eMIuIsipa kiacca Recognizer.

5. Coznanue oobekra kiacca AudioFile moayns speech_recognition.

6. IIpeobpasoBanue ayaunodaiina B oobexkt AudioData meromom record() kimacca Recognizer.
[Tepenaua oowexTa AudioFile metomy record().

7. IlpoBepka TuIa NePeMEHHOM.

8.Ilepenaya oobekTa audio_content metoay recognize_google() oobekra kimacca Recognizer(),

u aynuoddaiin Oyaet npeoOpa3oBaH B TeKCT. [1omHBINM TEKCT MpOrpaMMBbl MPEACTABIEH Ha PUCYHKE 1.

2 main.py

speech_recognition speech_recog
recog = speech_recog.Recognizer()

sample_audio = speech_recog.AudioFile(

sample_audio audio_file:
audio_content = recog.record(audio_file)

(audio_content)

recog.recognize_google(auvdio_content)

Puc. 1. Ilporpamma 1o HacTpoliKke U 3aIlyCKy paclio3HaBaHHs pedyd u3 ayauo Qaiina

¢ nmomouipto Google Speech API.

[Ipumep KOppeKTHOM pabOTHI MPOrpaMMBbI € paclio3HaBaHUEM U3 ayAuo ¢ailia ¢ mpuMeHEeHHEeM

Google Speech API ¢ mosy4eHHBIM TEKCTOM MPEICTABICH HA PUCYHKE 2.



[£+] Command Prompt - Python

Users\Server PC - Leonid>pip install SpeechRecognition
uirement a1reagy sat;sf1ed SpeechRecognition in c sers\server pc - leonid\appdata\local\programs\python\python38\1
es (3.8.1
e using pip Vv
1d sider upglhd1ng
p1p install --upgrade pip

C:\Users\Server PC - Leonid>Python
Python 3.8.6rcl (tags/v3.8.6rcl:08bd63d, Sep 7 2020, 23:10:23) [MSC v.1927 64 bit (AMD64)] on win3
Type "help", "copyright", "credits" or "license" for more information.

import speech_recognition as speech_recog

recog = speech_recog.Recognizer()

sample_audio speech_recog.AudioFile('D:/1.wav"')

with sample_audio as audio_file:

audio_content = recog.record(audio_file)

>>> type(audio_content)
<class "speech_recognition.AudioData'>
>>> recog.recognize_goog?e(audio_content)

"what's the Tow to the left shoulder take the winding path reach to make no closely the size of the gas tank wipe degree
s off is dirty face men to call before you go out the Redwood valley strain and hung 1imp the stray cat gave b1rth to ki
ttens the young girl gave no clear response the meal was cooked before the bell rang what Joy there 1is a 1iving"
>>>

Puc. 2. TIpumep KOppeKTHOI pabOTHI MPOrPaMMEBI ¢ PACIIO3HABAaHUEM M3 ayuo daiina

¢ npumenenuem Google Speech API.

BTOpOﬁ TCCT IIO pacCliO3HaBaAHHWIO TCKCTa U3 ayJuO @aﬁna ObLI CACIaH C HCIIOJIB30BaHUEM
PocketSphinx APl u 6ubnmnorexk SpeechRecognition. Hacrtpoiika ¥ TecTHpOBaHUE MEPBOI CHUCTEMBI
OCYIIECTBJIISIIACH TI0 MPEKHEMY AITOPUTMY U3 MPUJIOKEHUS b, TOTEKO HEOOXO0AMMO 3aMEHUTh METO/I

recognize_google() ma merox recognize_sphinx(). PocketSphinx APl moxer pabGorath 6e3
MMOAKIIFOYCHHUA K CETU UHTCPHCT.

[Tpumep KOppPEeKTHOH pabOTHI MPOTPAMMBI C ITOJTyY€HHBIM TEKCTOM IPEJICTABIICH Ha PUCYHKE 3.

[&.] Administrator: Command Prompt - python

Microsoft windows [Version 10.0.18363,1082]
(c) 2019 Microsoft Corporation. All rights reserved.

C:\Windows\system32>pip install SpeechRecognition
Requirement already satisfied: SpeechRecognition in c:\users\server pc - leonid\appdata\local\programs\python\python38\1
ib\site-packages (3.8.1)

C:\Windows\system32>python

Python 3.8.6rcl (tags/v3.8.6rcl:08bd63d, Sep 7 2020, 23:10:23) [MSC v.1927 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more information.

>>> import speech_recognition as speech_recog

>>> recog = speech_recog.Recognizer()

>>> sample_audio = speech_recog.AudioFile('D:/1.wav"')

>>> with sample_audio as audio_file:

. audio_content = recog.record(audio_file)

>>> type(audio_content)
<class "speech_recognition.AudioData'>
>>> recog.recognize_sphin»
Traceback (most recent call last):
"<stdin>", Tine 1, in <module>
[TypeError: recogn1ze sph1nx() missing 1 required positional argument: "audio_data“
>>> recog.recognize_sphinx(audio_content)
‘'wait out here left shoulder take the winding path leads to lake not closely at the back of the campaign 1ike a great of
fice during the man that car before you go out there bit of bad trade and homeland to stray cat gave birth to get the yo
ung girl gave no clearly on the meal with coach before the bell ringing regulator in the methane’
>>>

Puc. 3. [Ipumep KoppekTHOH paboThI MPOTPaMMBI C paclio3HaBaHUEM U3 ayauo Qaiina

¢ npumenenuem PocketSphinx API.
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Pe3ynbTaThl MPOBEPKH MPOTPaMM MMOKA3aIH CICAYIONINE PE3YIbTAThI:

1.Cuctrema mo pacno3HaBanuto Google u3 3anucanHbIX B ayauo ¢aitie 71 ciioBa HMpaBUIBHO
pacrno3Hana 68 cioB.

2. Cucrema mo pacro3HaBanuio PocketSphinx w3 3amucanHbix B ayamo aitme 71 ciosa
MPaBUJIBHO pacrio3Haia 28 CIoB.

Jlyis TpeThero TecTa, TO €CTh PACIO3HABAHUS PEUU C )KMBOI'O MUKPO(OHA C HCIOJIb30BAHHEM
Google Speech APl u PocketSphinx API, a Taxxe Oubnuoreku Pyaudio Obuta ycTaHOBIICHA
VisualStudio — sto nuHelika npoaykToB kommanuu Microsoft, BKirroyaromux HHTETPHPOBAHHYIO CPETy
pa3pabOTKH MPOrpaMMHOIO OOECICUeHHUsT W Ps  APYTHMX HHCTPYMEHTAJIbHBIX cpeacts  [4].
Pacrio3HaBanue pedn ¢ KMBOrO MUKPO(OHA M MEPEBOJ €€ B TEKCT OCYIICCTBISUICS MOCICIYIOUIEMY

JIITOPUTMY IIPOrPAMMBI, IOKa3aHHOM Ha PUCYHKE 4.

@ main.py

Puc. 4. IIporpamma 110 HaCTPOMKeE U 3aMyCKy pacro3HaBaHUsA pedr ¢ MUKPO(OHA

¢ momoribio Google u PocketSphinx.

[Mporpamma 3aneiicTByeT cpasy ase oubamoTekn Google Speech API u PocketSphinx API u
BBIBOJHMT pe3yJbTaThl B JBYX pa3HbIX CTpoOKax. [Ipumep KOPPEKTHON pabOThI MPOrpaMMbl C
MOJIYYCHHBIM TEKCTOM, PACIIO3HAHHBIM ¢ MUKPO(QOHA MPECTABICH Ha PUCYHKE 5, T/Ie POU3HOCHIIOCH:
«What’s going on». HeoOXoquMO OTMETHUTBH, YTO TEKCT IMPOU3HOCHIICS B YCJOBUSAX OTCYTCTBHUS

IMOCTOPOHHUX IITYMOB U C UCITIOJIB30BAHUEM JOBOJBHO KAYECTBECHHOI'O KOHACHCATOPHOI'O MI/IKpO(i)OHa.



main

Puc. 5. [Ipumep paGoTHI IPOrpaMMBI C paclio3HaBaHHEM KOPOTKOH (pa3sl ¢ MUKpOdOHAa.

Cnenyromuii npuMep KOPPEKTHOM paboThl MPOrpaMMbl C  TOJYYEHHBIM  TEKCTOM,
pacno3HaHHBIM ¢ MUKpOGOHa MPEICTABICH Ha pUCYHKe 6, rie npousHocuiock: «Who’s the low to the
left shoulder take the winding path reach the lake no closely the size of the gas». Taxxke cienyer
OTMCTUTDH, YTO TCKCT NPOU3HOCUJICA B YCIOBUAX OTCYTCTBHA IMOCTOPOHHUX IITYMOB, C UCIIOJIb30BAHUEM
AOBOJIBHO Ka4YC€CTBCHHOI'0O KOHACHCATOPHOI'O MI/IKpoq)OHa U CO CKOPOCTBIO IIPUMCPHO 45 cnoB B

MHHYTY U HEC HOCUTCIICM aHTJIMMCKOIO SA3BIKA.

Puc. 6. Ilpumep paboThl MporpaMMBbI ¢ pacrio3HaBaHUuEeM JITUHHON (pa3bl ¢ MUKpOQOHA.

ITo pe3ynbTaty TpeThero Tecta ObUIO BBISIBICHO, uTo GOOQle nmpakThuecku Bceraa MpaBHIBLHO
pacrio3Haet Kopotkue (pasbl, B TO Bpems, kak PocketSphinx gemaer 3To ¢ mepeMeHHBIM YCIIEXOM, IS
TOro, 4roObl OH KOPPEKTHO pacmo3Han ¢(pasy TpeOyercs oOdYeHb YETKOr0 W IPaBHIBHOTO
npousHomenus. B ciyuae ¢ mmHHBIME (pasamu Google u3 mpousHeceHHBIX 23 CIOB KOPPEKTHO
pacrosnan 16 cmos, a PocketSphinx Bcero 6 cioB. Takxke ciaeayeT OTMETHTh, YTO Ha KadeCTBO
pacno3HaBaHHs BIHUSIET MHOXECTBO (PAKTOPOB M B CBSA3M C ITHM JIOCTATOYHO CJIOXHO BBISBUTH
OIPEICTCHHYIO 3aBUCHMOCTb.

Henas BeBozabl, Google Speech API mo xauecTBy pacrmo3HaBaHUS MOKa3al HAMHOTO JIy4IINAE
pE3yJbTaThl, YTO M MOATBEPIKIACTCS MTapaMeTpaMHu, yKa3aHHBIMH B Ta0JUIIe, HO B HEKOTOPBIX CIyYasx

M IPOCKTaAX, rA€ MOXKCT OBITH Ba)KHA aBTOHOMHOCTH H BO3MOXKHOCTH IMPUMCHCHHUA B KOMMCPUYCCKUX



MPOCKTAaX, TaKXKe MOXET ObITh wHcmoib3oBan PocketSphinx API, xoTopbeiii kK TOMy e HMEeET

BO3MOXHOCTb YCOBCPIICHCTBOBAHU 3a cuéT OTKPBITOCTU KOJA.
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