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A SURVEY OF OPEN-SOURCE SPEECH RECOGNITION SOFTWARE FOR
VOICE ACTUATED CONTROL

Nowadays, speech recognition technologies are actively developing and find application in various fields,
such as controlling a computer using voice, dictating texts, and human-computer interaction or
communicating with a computer on an intellectual level. Non-contact and natural for human ways of
interacting with a computer, based on automatic recognition and synthesis of speech, text, gesture and tactile
information, as well as paralinguistic information, including non-verbal aspects of speech and text
information, are especially relevant. Much attention is paid to creating an accessible environment for people
with disabilities and disabilities. An important means of ensuring accessibility and improving the quality of
life, social interaction, and integration into society for people with disabilities are computer facilities and
specialized information systems. In this paper we presented a series of experiments and analyzed the open-
source software for voice actuated control. Simon is a software for Internet surfing, mailing, managing
multimedia applications that can be adapted to the needs of older people. To work with the acoustic model,
we need to either have our own model or load it from the library. The speech recognition was evaluated using
two criteria, they are WER and Latency. The analysis of the software for recognition of continuous speech
showed that at present there is no universal system for recognizing continuous speech that would be capable
of self-learning, would be speaker-independent, resistant to noise, and have a low error rate. The considered
software solutions at the moment are not universal and accurate, the speech recognition error greatly
depends on the presence of extraneous medium and high-frequency noise, as well as on the microphone
quality.
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Introduction. According to a PwC report [1], only 10% of the 1000 respondents surveyed were not familiar with
voice-enabled products and devices, and most used a voice assistant. According to forecasts, already in 2020, about
50% of search queries will be performed by voice, and by 2022 55% of American families will have smart columns. At
present, it is planned to introduce chatbots capable of recognizing human speech and searching for information by voice
commands. Telephony will be robotic based on chat bots: companies will be able to automatically receive and make
calls when interacting with customers or partners, while the robot will be able to conduct complex dialogs, moving from
topic to topic. In general, speech recognition comes down to three types:

- Recognition of separately pronounced words, so-called commands - used for verbal control of various objects,
applications, site navigation, etc;

- Recognition of continuous speech in a large dictionary - aims at converting a person’s natural speech into a
text (automatic decoding of records, creation of transcripts);

- Speech-based identification — used for security purposes (protecting an object from unauthorized access,
using the individual characteristics of each person’s voice).

The task of automatic speech recognition in real conditions is relevant, given the variability of the source of the
speech signal and acoustic noise, which hides the original sequence of audio segments. In recent years, significant
progress has been made in this area, and there are commercial voice-independent applications that quite successfully
recognize speech when processing voice commands (Google maps, Yandex maps), in interactive systems (Siri), in
shorthand systems. The recognition accuracy of speech units in these systems has reached the required threshold. For
example, the recognition accuracy of Google’s updated voice assistant is comparable to human. To process the request
and give a relevant response, the system takes no more than a second. However, to use the recognition system from
Google, you must purchase a license, and it is quite expensive.

In this work we provide an analysis of open source speech recognition software for recognition of continuous
speech.

Experiment design.

There are 2 types of licenses in most common speech recognition systems:

- BSD (Berkeley Software Distribution) license [2] includes audio speech recognition products: CMU Sphinx,
PocketSphinx, Julius, etc.

- GPL (General Public License) [3] includes: Simon software, iIATROS, RWTH ASR, etc.

Simon [4] is a software for Internet surfing, mailing, managing multimedia applications that can be adapted to
the needs of older people. To manage the scripts, we need only a few terms and numbers from 0 to 9. Unlike existing
commercial offerings, Simon offers a unique way of self-recognition of speech. Instead of predefined, pre-trained
speech models, Simon does not come with any model at all. Instead, it provides an easy-to-use end-user interface for
creating language and acoustic models from scratch. To work with the acoustic model, we need to either have our own
model or load it from the library (export the active model). At this point, we were just looking for any speech patterns



for Simon. For testing, the acoustic model from [5] was used.

Experiment#1. Using Simon software to control mouse and Internet surfing using standard libraries and new
phrases. To do this we worked with two scenarios:

(1) controlling mouse to click on the youtube icon via voice;

(2) controlling browser and testing the following commands: "page up", "page down", and searching keywords
on the page by the command "48".

In a result, almost all voice commands were performed successfully except "48". Adaptation to the user's voice
for key phrases/words of this script is successful - it does not return any errors Sometimes when recording words, it
reacts to the voice loudness and the intelligibility of pronunciation. We had to repeat some words for several times. In
case the word was said louder than usual, the program did not work and asked to overwrite. But this happened rarely,
and mostly it successfully fixes the phrases/words.

As alternative speech recognition software, Deepspeech [6] and PocketSphinx [7] were reviewed and tested.
DeepSpeech is an open source software product for converting speech to text. For training, a model trained in machine
learning methods is used, based on Baidu's in-depth speech research. PocketSphinx also needs language model files,
acoustic model files, and a pronunciation dictionary (phonetic dictionary). These applications were tested with data
from Kaggle [8] and with their own recorded files.

Experiment #2. Recognition of continuous speech on existing sets. Table 1 presents information about the types
of texts used in experiments.

Table 1
The overview and some examples of input data
. Sampling
ID Country/ Source text Bitrate, frequency,
accent Kbps H7
1 | Newzeland | the boy tried to read what was written in the sand 1536 48000
2 | Ireland but the boy knew that he was referring to fatima 1536 48000
3 | scotland \é\;(hp){ atitr:e shots stopped after the tenth no one on earth has tried to 1536 48000
4 | Australia the teacher thought that he'd taught himself all he could 1536 48000
5 | canada the s_hop fo!ks were takmg down their shutters and people were 1536 48000
opening their bedroom windows
6 | USA but everything had changed 1536 48000
7 | England he moved about invisible but everyone could hear him 1536 48000

The speech recognition was evaluated using two criteria, they are WER and Latency.

1) Word Error Rate (WER) - A word error rate measures word level mismatch: it compares the words issued by
the recognizer with those that the user actually uttered. Each error (replacement, insertion or deletion) is counted in the
recognizer. WER can be calculated as follows:

_ Number of Substitution + Insertions + Deletions
Total number of words

WER -100%

2) Delay (en. Latency)

Delay is defined as the total time (in seconds) required to perform speech recognition. More precisely, we set the
delay as the time from the moment when the recording ends, until the recognition results appear on the screen.

WER for data from Table 1 are presented in Table 2 and in Fig. 1.
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Fig. 1. WER for DeepSpeech (blue line) and PocketSphinx (orange line)



Table 2
WER for DeepSpeech and PocketSphinx

ID Software WER (%) WERCcp (%)
1 DeepSpeech 0

2 DeepSpeech 30

3 DeepSpeech 0

4 DeepSpeech 70 14,28
5 DeepSpeech 0

6 DeepSpeech 0

7 DeepSpeech 0

1 PocketSphinx 27

2 PocketSphinx 80

3 PocketSphinx 60

4 PocketSphinx 100 51,71
5 PocketSphinx 40

6 PocketSphinx 0

7 PocketSphinx 55

The results of Latency calculation for data from Table 1 are presented in Table 3 and in Fig. 2.

Table 3
Latency for DeepSpeech and PocketSphinx
ID Software Latency, seconds Average Latency,
seconds
1 DeepSpeech 1.364
2 DeepSpeech 1.318
3 DeepSpeech 3.051
4 DeepSpeech 2.074 1,85
5 DeepSpeech 2.360
6 DeepSpeech 0.891
7 DeepSpeech 1.894
1 PocketSphinx 1.202
2 PocketSphinx 1.747
3 PocketSphinx 3.069
4 PocketSphinx 2.534 2,115
5 PocketSphinx 2.320
6 PocketSphinx 1.650
7 PocketSphinx 2.285
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Fig. 2. Latency for DeepSpeech (blue line) and PocketSphinx (orange line)

Experiment #3. Recognition of continuous speech on new sets. Source data were recorded and tested using
customized voice data [9]. The following two phrases were used:



1) Number ten scalpel for the initial incision.

2) Get the ring forceps, counterclockwise, 12, 9, 6, 3.

As it can be seen from the Table 3, the recognized results are far from the previous experiment and are not so
optimistic yet.

Table 3
The results of audio recognition
ID File name Recognized text
1 fursal.wav nomebut tense cal po funisionaancesion
2 fursa2.wav thate gerin force seps contuco quiss dwelve nine six wree
1 khotkinl.wav nomber tents goupl fr anishian in cetiong
2 khotkin2.wav he consering for sucs counter corquises to welfe nin six suy
1 koverhal.wav nome bttense calpo for ine shoins sion
2 koverha2.wav get a inhorseb sconte clock wice well min se ree
1 pokryshkal.wav nomber tands cop of for in i shalin cesion
2 pokryshka2.wav gevs ar ink for subscounted glock wice twellph line seex three

Conclusions. The analysis of the software for recognition of continuous speech showed that at present there is
no universal system for recognizing continuous speech that would be capable of self-learning, would be speaker-
independent, resistant to noise, and have a low error rate. The considered software solutions at the moment are not
universal and accurate, the speech recognition error greatly depends on the presence of extraneous medium and high-
frequency noise, as well as on the microphone quality.

In this regard, it should be noted that the tasks of the development of the PCP, the development and
implementation of software and information solutions in this area are relevant and relevant.
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Texnonoeii po3ni3HA6AHHA MOSU AKMUGHO PO36UBAIOMbCS | 3HAXOOAMb 3ACMOCYBAHHS 8 PI3HUX 00IACMAX, MAKUX 1K
VAPABTIHH KOMN'TOMEpoM 3a 00ONOMO2010 20A0CYy, OUKMYBAHNS MEeKCMie ma peanizayis 63aEMo0ii 1oouHa-komn'romep
abo CninKy8amHs 3 KOMN'IOMepoM Ha IHMENeKMyanbHoMy pieHi. I[lpupooui Ons niodunu cnocodu 63aemooii 3
KOMN 10mepoM, 3ACHOBAHI HA A8MOMAMUYHOMY PO3NI3HABAHHI MA CUHME3] MOBU, MEeKCMY, JHCecmie ma makmuabHOL
ingopmayii, a maxooxc napaninesicmuynoi iHgopmayii, 6KAIOUAIOYU HEGePOANbHI ACNeKMU MOBHOI mMa MeKCmogoi
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iH(hopmayii, € ocobaueo akmyanvhumu. Benuxa yeaea npudinsiemscsi cmeopeHHo 00CMYNHO20 cepedosuula 0 ooell 3
obmedceHuUMY ModCIUBOCmAMY. Basciusum 3acobom sabesneuenusi 00CMynHOCmi ma NOKPAWEHHs SIKOCMI JHCUmms,
coyianvHoi 63aemo0ii ma inmezpayii 1100eii 3 0OMeACeHUMU MOACTUBOCTNAMU 6 CYCNINLCIMBO € KOMN lomepHi 3acobu ma
cneyianizogati iHgpopmayiuni cucmemu. Y yitl pobomi mu npeocmaguiu cepilo eKCnepumeHmis ma npoanaiizyeaiu
npozpamue 3abes3neduentss 3 GIOKPUMUM KOOOM OISl YRPAGNIHHSA 2010CoM. SIMON — ye npoepamue 3abe3nedyenns Ons
iHmepuem-cepghiney, po3CunKu, YNpaeiiHHA MYTbMUMEeOIiHUMU 000AMKAMU, AKe MOX}CHA aoanmyeamu 00 nompeod
qimuix arode. [na pobomu 3 akycmuuHoi MOOeLo Ham NOmpiobHo abo mamu 61acHy Modenb, abo 3asanmasxicumu ii 3
obioniomexu. Posnisnasanna mosenenns oyinrosanocs 3a oeoma xpumepismu: WER i Latency. Ananiz npoepammozo
3abe3nedens 015 PO3NIZHAGAHHA MOGIEHHS NOKA3A8, WO 6 OGHUI YdC He ICHYE YHIGepCANbHOI cucmemu po3nizHaGAHHs
MOo8leHHs, AKa Oyna 6 30amHa 00 CAMOHABYAHHS, OY1a 6 HE3ANeHCHOI 8i0 MOBYs, CIILIKOI 00 Wymy i Mana 6 HU3LKUL
pisenb nomunok. Pozenawymi npoepammui piuieHHs HA OAHUL MOMEHM He € YHIBepCaibHUMu i MOYHUMU, NOMUIKA
DO3NI3HABAHHS MOBNEHHA 6A2AMO 8 YOMY 3ANeAHCUMNb IO HAAGHOCHI CTNOPOHHIX CepedosUw | BUCOKOUACTHOMHUX ULYMIB,
a maxodxc 8i0 AKOCMi MIKPOPOHA.

Kniouogi cnosa: 2onoc, po3niznasanis MogienHs, npoepamue 3a0e3nedens, 83aemoois n00uHY ma KoMn'iomepa

Texnonozuu pacnosnasanus peuy aKkmueHo passusaiomcs U Haxo0am npuUMeHeHue 8 pasiuyHblx 00Iacmax, MaKux Kax
Ynpaenenue KOMNbIOMEpOM C NOMOWbIO 2010ca, OUKMOBKA MEKCMOG U peanu3ayus 63aumMooeliCmeus 4elo6ex-
KoMnvlomep uau 0O0ujeHus ¢ KOMNbIOMepoM HA UHMENIeKmYaibHoM yposHe. Ecmecmeennvle 0ns yenogexa cnocodwl
83AUMOOCUCBUS C KOMNbIOMEPOM, OCHOBAHHbIE HA ABMOMAMUYECKOM DACNO3HAGAHUU U CUMMe3e peuu, mekcma,
JHCECMO8 U MAKMUNLHOU UHGOpMAYUU, a MaKdice NAPATUHBUCIUYECKO20 UHDOPMaYuU, GKIIOUAS HesepOanbHbie
acnekmol A3bIKOGOU U MeEKCMOoBoU ungopmayuy, ocobenno axmyanvHul. Bonvuwioe enHumanue yoensemcs co30aHUI0
0oCcmynHoU cpeodvl 071 H00ell ¢ 02PAHUYEHHIMU 803MONCHOCMAMU. Bascuvim cpedcmeom obecneuenuss 00CmynHoCmu
U YIyuuwlenue Kavyecmeda JHCU3HU, COYUATLHO20 3AUMOOEUCTUs U UHmMespayuy Jai00eti ¢  02PpaHuyeHHbIMU
B03MOJCHOCTNAMU 8 0OUECBO KOMNbIOMepHble CPedcmea U CReyuarusuposantvie UHGopmayuonusvie cucmemvl. B
amoul  pabome Mbl NPEOCMABUNU CEPUIO IKCNEPUMEHMO8 U NPOAHATUIUPOBANU NPOSPAMMHOe obecneyenue ¢
OMKpLIMbIM  KOOOM OJsl YAPAGNeHUst 2010com. SIMON - npozpammuoe obecneyenue O UHMepHem-ceppuned,
DACCHUIKY, YNPAGNEHUs MYTbMUMEOUNHLIMU NPUTONCEHUAMU, KOMOPOe MONCHO a0Anmuposams K NOmpeOHOCmaM
noxcunvlx niodei. [nsa pabomsl ¢ aKycmuyeckol MOOenblo HaM HYHCHO Aubo umemv COOCMEEHHYIO MOoOelb, AU6O
3azpysumsv ee uz oubauomexu. Pacnosnasanue peuu oyenusanoco no osym xpumepusm: WER u Latency. Ananus
npocpamMmuoz20 obecneuenus Oisl PACNO3HABAHUS HENPEepblGHOU pedu NOKA3al, 4Ymo 6 Hacmosaujee 6pems He
cywecmeyem YHUBEPCANbHOU CUCMEMbl PACNO3HABAHUS HENPEPbIBHOU peyu, Komopas Ovlia 6bl CHOCOOHA K
camoodyyenuio, ovLia Obl HE3A8UCUMOL OM 2080PAWE20, YCMOUYUBOU K WYMY U UMend 0bl HU3KUU YpoGeHb OUUOOK.
Paccmampusaemvie npoepammusie peuwienuss Ha OQHHBI MOMEHM He AGIAIOMCS YHUBEPCAIbHBIMU U MOYHBIMU, OUUOKA
PACNO3HABAHUS PeYU 60 MHOZOM 3ABUCUIN O HAUYUS HOCIMOPOHHUX CPEO U 8bICOKOUACTOMHBIX WYMOS, a MAKHCe Om
Kavecmea MUKpogoua.

Kniouegvie cnoea: czonoc, pacnosnagamus peuu, npozpamMmHoe obecneuenue, 63auMoOelicmeue 4eioeeka U
KoMnvlomepa
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