
The experiments has shown that this system's performance of translation from Chinese to 
Kazakh language in satisfactory level. In future, it is planned to improve the translation of verb 
tenses as well as use of the plural nouns, since compared with English language their rules are 
much more and complicated depending on the vowels and consonants. 

Defining the tenses is also considered as а complex process , because it is necessary to 
perform analysis. Afterwards using taken analysis the program synthesizer has to Ье created. 

Creating the synthesizer include several difficulties since the results needs to Ье matched 
with the tense used in original text. Otherwise the sentence meaning сап Ье modified and making 
the translator confused. All of this abovementioned cases is fully linked to the distinct features of 
Kazakh language compared with other languages. 
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The paper presents а spoken term detection system for Kazakh language in which significant 
improvements are obtained through modifying speech-to-text process used for generating word­
based lattices. These lattices are indexed and used for the keyword search later. Spoken Term 
Detection systems quickly discover the occurrence of а term, which might Ье just а word or 
sequence of words, in а large audio set of heterogeneous speech records. The paper provides an 
overview of а speech-to-text and keyword search system architecture built primarily on the top of 
the Kaldi toolkit and expands on а few highlights. Our aim was to develop а general system pipeline 
which could Ье advanced regarding phonological and linguistic features of Kazakh language in 
order to detect OOV keywords. 

Keywords: Speech Retrieval, Lattice Indexing, Spoken Term Detection, Speech 
Recognition, Keyword Search 
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В статье представлена система для обнаружения разговорного термина на казахском 

языке, в котором получены значительные улучшения путем модификации процесса речи в 

текстовый формат, используемый для создания слов на структурной (lattice) основе. Эта 
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структура индексируется и позже используется для поиска ключевого слова. Система 

обнаружения разговорного термина быстро обнаруживает возникновение термина, которым 

может быть просто слово или последовательность слов в большом аудио наборе 

разнородных речевых записей. В статье дается обзор речи в текстовый формат и архитектура 

системы поиска ключевых слов, построенной на основе платформы Kaldi и расширяемой на 
несколько основных моментов. Наша цель состояла в том, чтобы разработать общую 

систему, которая может продвинуться вперед в отношении фонологических и 

лингвистических особенностей казахского языка с целью выявления OOV ключевых слов. 

Ключевые слова: Поиск речи, Индексация структур, Поиск разговорного термина, 

Распознавание Речи, Поиск по ключевым словам 

1. Introduction 
Data processiпg is пowadays ап esseпtial activity of 1Т iпdustry апd recorded materials is 

coпsidered as core source of that data. Непсе, together with iпcreasiпg volume of audio 
iпformatioп, а possibility grew for developiпg ап efficieпt iпformatioп retrieval system for audio 
data storage. Spokeп term detectioп (STD) attempts to set up а specific term (coпsidered as а 
sequeпce of siпgle or multiple words) speedily апd thoroughly iп major heterogeпeous audio 
storages, iп order to Ье utilized solely as iпput to better compouпded iпformatioп retrieval 
techпiques. 

The STD task is based оп the detectioп process, demaпdiпg every арреаrапсе to Ье clarified 
Ьу its begiппiпg апd eпdiпg times iп coпtradictioп to spokeп documeпt retrieval. Moreover, systems 
have to maiпtaiп а score for every арреаrапсе апd а tough decisioп showiпg its accuracy. 
Uпprocessed audio materials апd а list of search key words together make ап iпput for the task. 
Despite the fact that the evaluatioп practically utilizes опlу small пumber of data, it is desigпed to 
iпitiate the biggest data coпditioп. Thus, the systems are oЬliged to Ье deployed iп two stages: 
iпdexiпg as well as searchiпg. Processiпg of audio data is held meaпwhile iпdexiпg stage goiпg оп, 
without kпowiпg about search terms. Iп order to retrieve the terms the output iпdex is kept апd 
admitted iп the course of the searchiпg stage. The searchiпg stage might Ье replicated several times 
for various terms so the effectiveпess of its deploymeпt is very sigпificaпt 

The remaiпder of this paper is orgaпized as follows. Sectioп 2 describes related works. The 
system architecture will Ье discussed iп details iп Sectioп 3. Sectioп 4 demoпstrates the experimeпts 
апd the obtaiпed results. Fiпally, the last sectioп coпcludes the paper апd suggests further research 
iп this area. 

2. Related works 
Laпguages with morphologically features like Kazakh experieпce challeпges iп large 

vocabulary coпtiпuous speech recogпitioп (L VCSR) process Ьу virtue of vocabulary iпcrease. 
Eпormous vocabularies, great frequeпcy of OOV words as well as scattered data for LM are the 
promiпeпt iпdicatioпs of word-based lexical techпiques. А lot of researches have Ьееп coпducted to 
solve these challeпges regardiпg OOV issue. 

First method to limit the OOV issue is to preveпtively eпlarge the LVCSR dictioпary. То Ье 
precise, а persoп augmeпts automatically created proпuпciatioпs of а huge amouпt of words iп the 
LVCSR dictioпary prior to lattice creatioп [1]. 

Secoпd method to deal with OOV words is though sub-word Ьlocks similar to phoпes, 
syllaЬles or morphemes. А subword iпdex is built Ьу produciпg а sub-word lattice which were 
preseпted Ьу [2], or Ьу modifyiпg а word lattice to а sub-word lattice with or without the utilizatioп 
of а proper рhопе coпfusioп matrix described iп [3]. 

The OOV challeпge also сап Ье solved Ьу iпtroduciпg the сопсерt of query ехрапsiоп iп 
text retrieval. Optioпal words or syllaЬles for OOV сап Ье produced Ьу а coпfusioп matrix utilized 
iп [4]. Coпsequeпtly, rather thaп searchiпg primary keywords, the system searches withiп word or 
syllaЬle iпdex. Iп coпtradistiпctioп to сопсерt of query ехрапsiоп, iп which а persoп adds 

48 



potentially lacking woгd with otheг tегтs which аге corresponding seтantic features, speech seaгch 
involves diffeгent woгds which sound identically. 

Job perfoгтed in this рарег is based on [5], in which рюху keywoгds аге geneгated utilizing 
а confusion таtгiх. Ratheг than looking fог the ргоху keywoгds in list produced Ьу the L VCSR 
systeт, weighted finite state tгansduceг (WFST) is applied on the basis of fгатеwогk fог diгectly 
linking seveгal proxies veгsus the whole LVCSR lattices. 

3. Кaldi-based STD system 
The Kaldi-based STD systeт includes two diffeгent subsysteтs, as illustгated in Figuгe 1: 

the ASR subsysteт and the STD subsysteт. This section pгesents each subsysteт in тоге detail 
гegaгding inteгpгocesses and tuning рагатеtегs. 

,-------------------------------------
ASR SubsysteПl 

i ~ 
j ASR 

l _________ - ------ _, 

t 
PUtaЪ'\:·e ] 
dcc&Sjons _ 

Figure 1: Spoken Тегт Detection Systeт Aгchitecture 

3.1 ASR subsystem 
The ASR subsysteт utilizes the Kaldi toolkit [6] to gatheг woгd lattices fгот the гаw audio 

data. It applies 13-diтensional Mel-fгequency cepstгal coefficients, Lineaг Discriтinant Analysis 
tгansform as well as Махiтuт Likelihood Lineaг Тгаnsfогт гating. А flat-start initialization of 
context-independent phonetic НММs begins the tгaining, while speakeг adaptive tгaining of state­
clusteгed triphone НММs along with GMM output densities finishes it. Могеоvег, the ML-based 
acoustic тodel tгaining step is run, which followed Ьу а univeгsal background тodel. It is cгeated 
froт speakeг-tгansformed tгaining data that is utilized to tгain an SGММ applied in the decoding 
step to pгoduce the woгd lattices [7, 8]. 

Kazakh speech data froт the KazSpeechDB and KazMedia сагрога is eтployed to tгain the 
above тentioned acoustic тodel. The KazSpeechDB coгpus as part of Kazakh Language Coгpus 
[9] is а body of utteгances consisting of 12675 Kazakh sentences гесогdеd in а sound гecoгding 
studio, utteгed Ьу speakeгs of diffeгent age and gendeг, fгот diffeгent гegions ofKazakhstan. Every 
audio file is supplied with а text file that contains tгanscription text of the utteгance. The coгpus 
contains 22 hours of speech. 

The KazMedia coгpus is а body of text and audio data collected fгот official websites of 
broadcast news channels "КhаЬаг", "Astana TV" and "Channel 31". The audio data is 600 wav­
files, which аге actually audio tгacks extгacted froт а nuтЬег ofvideo news in Kazakh. Every wav­
file is supplied with а txt-file that contains detailed tгanscription text ofthe news and а tiтe-aligned 
annotation file with labels about speakeг gendeг, language and noise. The total duration of these 
audio files is 13 hours of speech. The total tгaining data aтount is about 30 hours of speech. 

The dictionary and the language тodel (LM) of the ASR subsysteт wеге fогтеd on the 
basis of cuтulative text data of both KazSpeechDB and KazMedia sub-corpoгa. The dictionary 
contains оvег 160000 woгds. The LM was tгained using а text database ofabout 3.5 тillion woгds. 

А соттоn теtгiс of the performance of experiтental speech гecognition тodels is WER 
(woгd erroг гаtе), which is coтputed as the гatio of erroneously гecognized woгds to the total 
nuтЬег of woгds. It is соттоnlу believed that а loweг WER shows supeгioг accuracy in 
гecognition of speech, сотрагеd with а higheг WER. The experiтental гesults аге given in ТаЬlе 1. 
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ТаЬlе 1: Minimum va1ue of the WER on the train, va1idation and test sets 

Experiment \ Set train dev test1 (Кhabar) test2 (Astana ТV) test3 ( Channe1 31) 
Triphones 6.19% 6.42% 6.62% 14.87% 19.52% 
SGMM 5.16% 5.39% 5.56% 13.18% 16.95% 

3.2 STD subsystem 
The STD subsystem combines Kaldi term detector [ 1] that searches for the keyword terms 

among the lattices generated Ьу the ASR subsystem. Firstly, word lattices of all the utterances in the 
speech data from individual WFSTs are converted to а single generalized factor transducer pattern 
that aggregates the start and end times, as well as the lattice posterior probability of each word 
token as а three-tuple cost in the lattice indexing approach presented Ьу [10]. This factor transducer 
indicates an inverted index of all the word sequences comprised in the lattices. Hence, with the 
search term, an ordinary finite state machine which receives the term is built and structured with the 
factor transducer with an еуе to gather all the appearances of the term in the audio data. The 
posterior probabilities of the lattice relatively to all the words of the search term are piled up, 
appointing а confidence score to every detection. The decision maker process merely gets rid of 
those detections with а confidence score which is less than а predetermined threshold. 

The Kaldi STD system [1] treats OOV term search Ьу virtue of а technique named proxy 
words [6]. This approach based on replacement every OOV word of the keyword term to 
acoustically corresponding IV рюху words, demolishing the necessity of а subword-based system 
for handling OOV term search. 

4. System evaluation and results 
An assessment ofthe STD systems performance on the basis ofthe term length (IV words) 

has been conducted (ТаЬlе 2, 3). Test search queries are divided into three classes: unigrams, 
bigrams and trigrams. Generally, longer queries should produce greater results than shorter ones as 
long as these are originally more liaЬle to Ье confused with speech data. 

ТаЬlе 2: Search term categories (IV test set) 

Terms 

Туре Unigrams Bigrams 
Amount 1000 1000 

Tota1 3000 

unigrams Ьigrams trigrams 

Trigrams 
1000 

• percen 
-tage 

of hits 
bySTD 

Figure 2: The percentage ofhits Ьу STD 

50 

ТаЬlе 3: Search terms statistics (IV test set) 

Terms Осеигеnсе of IV 
quesires in test set 

uшgrams 82874 
bigrams 12383 
trigrams 3937 
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Figure 3: Hits out of 1000 queries for each 
category 



The above figures show that STD system performs in searching IV keywords well. It сап Ье 
seen that trigrams and bigrams are detected more accurately rather than unigrams as expected 
(Figure 2). Figure 3 presents the results of exact, false positive and true negative hits out of 1000 
queries for each category. As the decision maker process depends on the posterior probability ofthe 
occurred term, there might Ье а false alarm or accurate decision for query terms. Therefore, the 
exact hits mean that the frequency of query matches with frequency obtained Ьу the STD system, 
the false positive and true negative hits show that original frequencies are more and less 
respectively than the gathered ones. 

The test set with 295 OOV words was created in order to evaluate the STD system for OOV 
queries. More precisely, the words are not in the main lexicon but are in the manual transcripts of 
the test audio set. In order to do fuzzy search, the phone confusions are gathered firstly and а G2P 
model is trained using G2P Sequitur [11]. Afterwards, this model was applied to the OOV 
keywords and KWS data directory was built. The system searches the words from the main lexicon 
with the minimum edit distance score. For example: "8ЖЕМДI" ~ "8ЖIМДI", 

"АДЫМДАРЫН" ~ "АДАМДАРЫН", "Д8ПТЕРIМ" ~ "Д8ПТЕРIН". The results of the 
experiment are shown in ТаЬlе 4. 

ТаЬlе 4: OOV test set results 
OOV queries Hits Ьу STD # Yes decisions # No decisions 
295 112 259 114 

5. Conclusion and future works 
In this paper we present an STD system that benefit significantly from tuning the speech-to­

text process and applying lattice indexing. Making applied models more diverse, indexing and 
searching methods produce more advanced results for our system. Even though the рюху keywords 
approach applied for detecting the OOV terms and it does not show the expected results, there are 
other approaches for handling the keywords which are not in lexicon. In future, phone, syllaЬle, 
morph bases techniques and even feature based method will Ье utilized to enhance this research for 
Kazakh language. 
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УДК 681.5 

ТАБИГЫЙ ТИЛДЕГИ ТЕКСТТЕРДИ ОРУС ТИЛИПЕН КЫРГЫЗ ТИЛИНЕ 
МАШИНАЛЫК КОТОРУУДА С8ЗД8РДУ АПАЛИЗД88НУП АЛГОРИТМИН 

ТУЗУУ 

Кочконбаева Буажар Осмоншzиевна, старший преподаватель, ОшТУ им. академика 

ММ Адышева, 714018, г. Ош, ул. Исанова 81, e-тail: bиajar@тail.rи 

Морфологиялык талдоо жана сез тузуу процесстери бири бирине жакын болуп 

эсептелет. Машиналык которуу процессинде бир эле учурда сездерду морфологиялык 

жактаи талдап аны жан;ы тилге которуу учун сез жасоого туура келет. Бул процесстер 

бугунку кунде актуалдуу проблемалардан болуп эсептелет. Анткени бардык эле улут ез 

тилинин унутулбай автоматташтырылышын жана интернет сайттарына кошулуусу учун 

аракет кылышууда. Ошондуктан мен бул макалада табигый тилдеги тексттерди орус тилинен 

кыргыз тилине которуучу программаны тузуунун алгоритмин карап чыктым. 

Ачкыч создор: машиналык которуу, морфологиялык анализатор, аффикстер, 

синтаксистик анализатор,семантикалык анализатор, программа, маалыматтар базасы 

DEVELOPMENT OF ALGORITHM ANALYSIS OF WORDS IN NATURAL ТЕХТ 
МACHINE TRANSLATION FROM RUSSIAN INTO КYRGYZ 

Kochkonbaeva Buazhar Osmonalievna, seпior lectиrer, OshTU ajter патеd acad ММ Adishev, 
714018,с. Osh, Isaпov st. 81, e-тail: bиajar@тail.rи 

Morphological analysis ofwords and word-formation are very similar in how to conduct and 
are closely related to each other. Today these processes are very actual. Because all the nations seek 
to automate their language and add to the online translators. ln this article 1 will consider the 
algorithm of а program algorithm machine translation of texts from Russian to К yrgyz language. 

Keywords: machine translation, Morphological analyzer, affixes, syntactical analyzer, 
semantic analyzer, program, database. 

Киришуу 

Жасалма интеллект багытындагы адам баласынын изилдоолору кун санап есуп барат. 

Азыркы кунде компьютер бир гана эсептее техникасы эмес, ар кандай багыттагы суроолорго 

жооп беруучу эксперттик система, бир тилден экинчи тилге тексттерди которуучу каражат 

же балбосо интеллектуалдык оюндарды ойноодо экинчи тарап катары жасалма интеллекттин 

ролун жаратып келууде. Бул макалада жогоруда айтылган багыттардын ичинен табигый 
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