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Over the past decades automatic speech recognition has made remarkable
advances, in both theoretical and practical aspects. Evolution of research in this
field has been proceeding from the recognition of individual sounds and pho-
nemes to the recognition of continuous and mixed speech, including tasks of
automatic transcription of broadcast news and telephone conversations. Despite
the high performance of continuous speech recognition systems, which makes
up to 95%, the performance of phoneme recognition systems remains below
85%. However, phoneme recognition is widely used in a number of applications,
such as spoken term detection, language identification, speaker identification
and others.

The paper presents the results of the experiments on continuous Kazakh
speech recognition using different phoneme sets and alternative phonetic tran-
scriptions. This study was instigated by the fact that in modern Kazakh linguis-
tics there is no common agreement about the phonetic system of the Kazakh lan-
guage, while the list of phonemes and their number noticeably vary in different
textbooks. Therefore, we aimed our experiments to study the impact of the pho-
netic system of the language, its orthoepic rules and the corresponding phonetic
transcriptions on the performance of the phoneme recognition systems, which
are the initial stage in the general systems of continuous speech recognition.
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The following 6 systems of phonetic transcription have been considered and
tested in our study. The first one is a project of the new Kazakh alphabet and a
set of spelling rules proposed by Prof. A. Sharipbay. The second system is a set
of orthoepic rules for the actual Kazakh Ciyrillic alphabet, introduced by Kazakh
linguists — the authors of the Kazakh “Orthoepical Dictionary”. The third one of the
systems considered is a phonetic system and a set of empirical transcription rules
used by the authors of this work in their studies. The fourth variant is based on the
actual Kazakh Cyrillic alphabet without taking into account any orthoepic rules, i.e.
a transcription system in which one letter corresponds to one phoneme. The remain-
ing two systems are variations or combinations of these systems mentioned above.

In total, three series of experiments were conducted: word-based recogni-
tion and two series of phone-based recognition. The latter two differ in test sets.
Word-based experiments did not reveal any special differences in the recogni-
tion performance among the systems studied, which is due to the strong impact
of the language model on the decoding process. On the contrary, phone-based
experiments showed that: 1) the existing orthoepic rules are not fully adequate
to the actual sounding of Kazakh speech; 2) the existing phonetic system of the
Kazakh language can be optimized by removing some phonemes. The speech
recognition system is implemented using the Kaldi platform.

Despite the fact that the present work is a preliminary study, on the whole,
the presented experimental results make it possible to evaluate the adequacy of
considered phonetic transcriptions to the actual sounding of Kazakh speech, and
can be of particular interest in view of the forthcoming transformation of the
Kazakh writing system.

Keywords: automatic speech recognition; phoneme recognition; phonetic
transcription; Kazakh speech.
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CraTbsl ONMUCBIBAET PE3YJIbTATBHl HKCIIEPUMEHTOB M0 MALIMHHOMY pacrio-
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TPAHCKPUILIMU Ka3aXCKOro f3blKa. DKCIIEPUMEHThI MPOBEAEHbI Ha HEOObIIOM
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peveBOM KOpITyce Ka3aXCKUX MPeIoKeHN i, 03By YeHHBIX TUKTOPaMH B CTYAWI-
HBIX YCJIOBUSX.

Llenbto 3KCEpUMEHTOB ABNIACTCS CPABHUTENBHBIM aHAIN3 HECKONbKUX CH-
cTeM (hOHETHUECKOi TPAHCKPUITLIMK Ka3axCKOro A3bIKa, OCHOBAHHBIX HA pas3iny-
HOM KoJn4ecTBe (JOHEM M MCTIONB3YIOIIUX Pa3InIHbIe HAOOPHI OPPOIMUISCKUX
npaBuJI. Pe3ysbTaThl OMMCAHHBIX SKCIIEPUMEHTOB MO3BOJISIOT CAENATh BBIBOIBI
00 ameKBaTHOCTH 3aUKCHPOBAHHBIX OPPOIMUIECKUX TPABHUI PeabHOMY 3BY-
YaHUIO Ka3aXCKOM peyu.

[NonyuyeHHble pe3ynbTaThl NPENCTABIAIOT OCOObI MHTEPEC B CBA3U C aKTy-
aNpHOW 3amaueil peopMUpOBaHUs Ka3axCKOH MMCbMEHHOCTH, KOTOPOE HeW3-
6exHO 3aTpoHeT U PoHeTHKY, M Op(HOIMHUI0 Ka3aXCKOro A3bIKa.

KaioueBble ciioBa: aBTOMaTHYeckoe pacro3HaBaHHe pedH; NopOoHEeMHOe
pacrno3HaBaHue; (POHETUUECKas TPAHCKPUIILINS; Ka3aXxcKas peyb.

Over the past decades automatic speech recognition has made re-
markable advances, in both theoretical and practical aspects. Evolution
of research in this field has been proceeding from the recognition of
individual sounds and phonemes to the recognition of continuous and
mixed speech, including tasks of automatic transcription of broadcast
news and telephone conversations. Despite the high performance of
continuous speech recognition systems, which makes up to 95%, the
performance of phoneme recognition systems remains below 85% (Lo-
pes, Perdigdo, 2011; Graves, Mohamed, Hinton, 2013). This is due to
the fact that modern speech recognition systems are based on language
models that are able to overcome the errors of the first stage of recog-
nition, which is phonetic transcription. However, such systems have
certain limitations imposed on the system’s lexicon. Therefore, with
no detraction from the merits of such systems, let us note that the task
of recognizing phonemes by itself still remains relevant. This task has
an important application value for speech recognition systems, which
are constructed solely for the solution of this problem and which do
not have those vocabulary restrictions mentioned above. Besides these
continuous speech recognition systems, phoneme recognition is also
widely used in a number of applications, such as spoken term detec-
tion (Schwarz, 2008), language identification (Matejka, 2009), speaker
identification and others (Furui, 2005).

The present work is aimed to perform a comparative analysis of
a few phoneme recognition systems for continuous Kazakh speech,
which are based on different phoneme sets and different orthoepic
rules, which, in their turn, generate alternative phonetic transcriptions
necessary for constructing speech recognition systems.
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This study was instigated by the fact that in modern Kazakh lin-
guistics there is no common agreement about the phonetic system of
the Kazakh language, while the list of phonemes and their number
noticeably vary in different textbooks (Sharipbay, 2017, p. 20-22).
Therefore, within the framework of our study, we considered several
phonetic transcription systems proposed by different authors.

One of these is a project of the new Kazakh alphabet and a set of
spelling rules proposed by Prof. A. Sharipbay in an attempt to intro-
duce an optimal phonetic system as part of the transformation of the
Kazakh writing system (Sharipbay, 2017). Another system is a set of
orthoepic rules for the actual Kazakh Cyrillic alphabet, introduced by
Kazakh linguists — the authors of the Kazakh “Orthoepical Dictionary”
(Aitbaiuly et al., 2007). Yet another one of the systems considered is a
phonetic system and a set of empirical transcription rules used by the
authors of this work in their studies. There also was tested a variant
on the basis of the actual Kazakh Cyrillic alphabet without taking into
account any orthoepic rules, i.e. a transcription system in which one
letter corresponds to one phoneme. The remaining two systems are
variations or combinations of these systems mentioned above.

The experiments were conducted using high-quality speech sig-
nals recorded in unified studio conditions. This allowed us to avoid
system errors, which could arise due to the diversity of acoustic condi-
tions and the dissimilar quality of the sound recording equipment. The
speech recognition system is deployed on the Kaldi platform (Povey
et al., 2011), using a cluster for distributed computing managed by the
batch-queuing system Univa Grid Engine, formerly the Sun Grid En-
gine (Univa Grid Engine, 2017).

The results of the described experiments make it possible to draw
conclusions about the adequacy of the considered orthoepic rules to
the actual sounding of Kazakh speech. The obtained results are of par-
ticular interest in view of the actual problem of the transformation of
the Kazakh writing system, which will inevitably affect both phonetics
and orthoepy of the Kazakh language.

1. Description of the speech corpus

The experiments have been conducted on two compact-sized
speech corpora of the Kazakh sentences kazspeech (Makhambetov et
al., 2013) and enuspeech (Tech. Report, 2014), recorded from native
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speakers in a sound recording studio. The total duration of these audio
files in the two corpora makes up 1832 minutes of speech (more than
30 hours). The whole set was divided into a training set, a develop-
ment set, and a test set in a ratio of 81% / 10% / 9%, regarding the
duration of audio files. At the same time, the ratio of male and female
voices in each of the three sets has been kept approximately equal. The
characteristics of the speech corpus are shown in Table 1. The last col-
umn contains the values of the OOV (out-of-vocabulary) rate, which
is computed as the ratio of the number of unknown words in a set (i.e.
words not found in the system’s lexicon) to the total number of words
in the set.

Table 1. Characteristics of the speech corpus

Set Number of | Duration | Number of| Male Female oov

sentences (hr) speakers | speakers | speakers Rate

Trainset | 15937 24.8 179 76 103 0%
Dev set 1875 2.92 21 9 12 19.67 %
Test set 1875 2.82 21 9 12 18.75 %

Each uttered sentence in the corpus has its corresponding ortho-
graphic transcription, which is the text of the sentence written in the
actual Kazakh Cyrillic alphabet.

2. Description of the phonetic transcription systems

Each transcription rule is a single text line representing a rule of
substitution. A rule of substitution consists of three parts: the substi-
tuted text, the equal sign, and the new text. For example:

h=X

bE=VIE

b=

Here it is possible to use regular expressions (Regular expression
operations, 2017) and syntax of ‘sed’ scripts (‘sed’ manual, 2017). For
example:

THS=I'T

\ (. \+\)B$=\1II

If several transcription alternatives are available for the text being
substituted, then the rule of substitution contains two or more equal
signs. For example:
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CB=CII=3B

TE=TII=0E

A set of transcription rules is applied line by line to the input text,
which is an orthographic transcription of the uttered sentences — a se-
quence of letters, while the output is its phonetic transcription — the se-
quence of phonemes. In this procedure, the order of the rules in the list
matters, since earlier rules are applied earlier. And if you change the
order of the rules in the list, the output transcription may also change.

The following 6 systems of phonetic transcription have been con-
sidered and tested in our study.

1.1. Grapheme = phoneme

This system of phonetic transcription is the most primitive, and it
implies that the spelling of Kazakh words exactly matches their pro-
nounce.

The phoneme list contains 42 phonemes: 2, 85, B, B, T', T, II, E, F,
X, 3, M, U, K, K, JI, M, H, H,0, 6,1, P,C, T, ¥, ¥, Y, 9, X, b, I1, U, IIL, I1]
B, H, I, b, 3,10, 4. This list coincides with the 42 letters of the actual
Kazakh Cyrillic alphabet. Let us note that although T (the hard sign)
and b (the soft sign) are not formally phonemes, in our experiments
they were modeled as separate phonetic units.

There are no transcription rules in this system.

1.2. Grapheme = phoneme, without E, b, b

This system is similar to the previous one, but excludes three sym-
bols: £, b and b.

The letter £ in the Kazakh language is found only in words adopted
from Russian. In Russian, the usage of this letter in written texts is not
mandatory. In the overwhelming majority of cases, E is substituted by
E in written texts, and this is exactly what happened to the orthograph-
ic transcriptions in our speech corpus. As a result, in the texts of the
training set, the letter £ occurs only three times (in words waxmépaep,
axmépaepoiy and I'éme), whereas in all other cases it is most likely
written as E.

The symbols & and & are excluded from the system, since they do
not denote any separate phoneme.

The phoneme list contains 39 phonemes: A, 5, B, B, T, T, I, E,
3, UMK, K, J,MH H0,6I,P,CT,VY,¥%Y,OoX,h,I,U,II

e

X
M o4 H‘l’
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H, I, 3,10, 4. This list coincides with the letters of the actual Kazakh
Cyrillic alphabet, excluding symbols E, b, b.

The transcription rules are:

E=E

b=

b=

This list contains only three transcription rules, meaning that the
letter ¥ should everywhere be replaced by E, and the letters & and
b should be removed from the phonetic transcription: waxmépnep
[uwaxmepnep], Envyun [eayun], cveso [ce30].

Here is a few sample transcribed words:

CYBBEKTIJIEPI — CYBEKTIJIEPT

AHCAMBJIBATH — AHCAMBIJIIOTH

OEJIbIOEBEJIE — OEJINOEBE]I

Sample source sentence:

OCHHIAN KYOIKTI ONIEPAIVAJIAPIOH KAPXH
MOHUTOPVHI'I CYEBEKTIJIEPI OJIAP AHHKTAJIFAH COTTEH
BACTAIl KOMUTETKE TAIICHPAIH

Sample transcribed sentence:

OCHHIIAM KYOIKTI ONNEPAIVMAIJIAPIOH KAPXH
MOHUTOPVMHIT'I CYBEKTIJIEPI OJIAP AHHKTAJITAH COTTEH
BACTAIl KOMUTETKE TAIICHPAIH

1.3. Basic transcription

We gave the name of “basic transcription” to our own simple pho-
netic transcription system, which, firstly, takes into account the nas-
cence of diphthongs, and, secondly, reduces the number of phonemes
by joining rare phonemes into one class with other more frequent pho-
nemes.

As used herein, the term “basic transcription” implies that this tran-
scription system includes, in our opinion, the minimum necessary list
of common transcription rules, applicable to the vast majority of words
of the Kazakh language, both native and loan. And, conversely, this
basic transcription does not include rules that describe nuances and
complicated orthoepic cases. Also, the basic transcription does not
consider cases when one word might have several alternative phonetic
transcriptions.
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For instance, if the letter E is found at the beginning of the word,
then it is always pronounced as the diphthong VE (ex [uzen], emec
[ttemec]). In the same way, it is pronounced as the diphthong 1E when
found after a vowel, the hard sign or the soft sign (nuem [nuiiem],
nveca [niecal).

Likewise, the letter 10, when found at the beginning of the word,
after a vowel, the hard sign or the soft sign, is pronounced as 11y or 1Y
(FOpmana [typmanal, keber [kobety]). When found after consonants,
it gets close to the sound Y (arcropu [ocypu), 260m0yus [3601yyusl)).

In the similar way, the letter 5 at the beginning of the word, after
vowels or the soft sign can be transcribed by the diphthong 1A or 718
(xusip [xoriiap), nasnes [nasnia]). After consonants, it gets close to the
sound O (1amb0a [1amO0a]).

Thus, we can remove the symbols [0 and 5 from the phoneme list.
Rarely used phoneme h can be joined into one class with the phoneme
X. Also, we can join the phoneme 11 into one class with the phoneme 111,
because 11 is the soft allophone of 11

In the basic transcription we introduced an additional symbol w
to denote the short consonant ¥, which does not make a syllable and
which can be considered as part of some diphthongs. For instance, it
can be found between two vowels (ayva [awal]), at the beginning of
words (yaxeim [wakweim], yaoe [waoe]), and also it often occurs at the
beginning of words when the first letter is © or © (on [won), etimkeni
[wetimxenil).

The phoneme list contains 36 phonemes: A, 9, B, B, T, T, II, E, X, 3,
MW K K J,MH,H0,6I,PCT,VY,WYY,oX,II,4I,H, I, 3.

The transcription rule list contains 139 rules. If necessary, the com-
plete list of all transcription rules mentioned in the present paper can
be provided upon request.

Sample transcribed words:

CYBBEKTIJIEPI — CYBUEKTIJIEPI

OMHAYTA — WOMHAWFA

OKTABPBECK — WOKTOSEPCK

Sample transcribed sentence:

WOCHHIAM KYOIKTI WONEPALMMAJAPIOH  KAPXH
MOHUTOPVHI'I CYBVEKTIJIEPI WOJIAP AHHKTAJIFAH COSTTEH
BACTAIl KOMUTETKE TAIICHPAIH
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1.4. Transcription based on the orthoepic dictionary

This system of phonetic transcription was based on the rules de-
scribed in Chapter “Orthoepic rules or word sounding principals™ of
the Kazakh “Orthoepical dictionary” (Aitbaiuly et al., 2007, p. 770).

Unfortunately, it was not possible to formalize and apply in our
system a complete list of all the rules described in the dictionary, since
some of these rules take into account the origin of words. That is,
orthoepic rules may differ depending on whether they are applied to
original Kazakh words or words adopted from other languages (Rus-
sian, Arabic, Persian, etc.).

However, we tried to formalize and apply all the other rules de-
scribed in the dictionary, those being the same (or having a priority use
case) for all words, both native Kazakh and loanwords.

The phoneme list contains 39 phonemes: A, ©, B, B, I, T, I, E, X,
3, UMK, K, J,MH, H,0,6,I,P,CT,VY,¥Y,o X, h, I 4, I I,
H, I, 3,10, 4. This list coincides with the letters of the actual Kazakh
Cyrillic alphabet, excluding symbols E, b, b.

The transcription rule list contains 252 rules.

Sample transcribed words:

OKIHYTE — YOKYHYTE

OKTABPBECK — YOKTABIPCK

WAVBAHN — WISVBAHHN

Sample transcribed sentence:

YOCYHIOAM KYIYKTI VYOIIEPAIHMAJIAPOH KAPXH
MOHHMTOPIMHI'I CYBUEKTIJIEPI YOJAP AHHKTAJIFAH
COTTEH BACTAIl KOMIUTETKE TAIICHPAIH

1.5. Combined transcription rules

This system of phonetic transcription combines the two previous
ones: at first we apply the rules according to the orthoepical dictionary
(system 4), then we apply the rules of the basic transcription (system
3). This allows us, in addition to the Kazakh orthoepic rules, to take
into consideration diphthongs (in those cases not considered in the or-
thoepical dictionary) and to reduce the number of phonemes to 36.

The phoneme list contains 36 phonemes: A, 8, B, B, T, T, II, E, X, 3,
m K K J,MH,H0,6I,PCT,VY,WYY,oX1II,4IIH, I, 3.

The transcription rule list contains 380 rules.
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Sample transcribed words:

OKTABPLCK — WOKTOBIPCK

AHKMHII — AHFHHII

KATIBHPAK — XAIIHPAK, XAIIPAK

Sample transcribed sentence:

WOCYHIOAM KYIYKTI WOIIEPAIHMAJIAPOH  KAPXH
MOHHUTOPIMHI'I CYBUEKTIJIEPI WOJIAP AHHKTAJIFAH
COTTEH BACTAIl KOMIMTETKE TAIICEHPAIE

1.6. Transcription proposed by Prof. A. Sharipbay

This system of phonetic transcription was based on the rules pro-
posed and described in the monograph of Professor Altynbek Sharip-
bay (Sharipbay, 2017).

The automatic online transcriptor “Transcription of Kazakh Cyril-
lic writing into Latin” (Online Transcriptor, 2017) was used to gener-
ate phonetic transcriptions on the basis of these rules.

The phoneme list contains 31 phonemes: 2, 85, B, B, T', T, II, E, X,
3, M, K, K, J,M,H,H,0,6,[,P,C, T,Y, ¥, Y, ® X, 1L H, I.

The number of transcription rules is unknown.

Sample transcribed words:

LIUPKYJIAIMACH — CIPKYJISTCHISCH

oy3T — IOYET

KOHBIOHKTYPA — KOHHMYHKTYPA

Sample transcribed sentence:

OCHHIAM KYOIKTI OIEPATCHUSJIAPOH KAPXH
MOHITOPIHI'I CYBHMEKTIJIEPI OJIAP AHHKTAJIFAH COTTEH
BACTAIl KOMITETKE TAIICHPAIH

3. The word-based experiment

We carried out a series of experiments on acoustic modeling and
speech recognition over the described speech corpus (see Section 1)
using the described phonetic transcription systems (see Section 2). The
experiments were carried out on the Kaldi platform, using a cluster for
distributed computing and a batch-queuing system.

At the first stage, word-based experiments were conducted, where
the recognizable speech units were the words of the Kazakh language.
Each uttered sentence was interpreted as a sequence of words sepa-
rated by spaces.
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The lexicon and the trigram language model (Federico, Bertoldi,
Cettolo, 2008; The IRSTLM Toolkit, 2017) had been constructed from
texts of the training set only, so the OOV rate was high (about 20%,
see Table 1).

The experiments were carried out according to the standard Ka-
Idi ASR algorithm (Povey et al., 2011; Yessenbayev, Karabalayeva,
2016), which was a sequential training of a monophone model, then
several triphone models, and finally, an SGMM model.

To estimate the performance of a recognition system we use the val-
ue of WER (word error rate), which is computed as the ratio of errone-
ously recognized words to the total number of recognized words. WER
is a common metric of the performance of experimental speech recog-
nition models. The lower WER is, the better system performance is.

The results of the word-based experiment are shown in Table 2.
The best results were obtained for the systems without transcription
(systems 1, 2) and with the basic transcription (system 3). Here it can
be noted that changing the phonetic transcription system does not lead
to significant changes in the system performance on the test set (dis-
persion is about 0.5% on an absolute scale, about 1.1% relative to
the lowest WER). As mentioned above, this is due to the fact that the
language model alleviates and overcomes the errors that arise in the
acoustic model of the system. Also, we can observe a big difference
between the WER values on the training set and the test set. It is due
to the high OOV rate in the test set, which again confirms the essential
dependence of speech recognition systems on the lexicon and the lan-
guage model.

Table 2. The results of the word-based experiment, WER

N Phonetic transcription system Train, % | Dev, % | Test, %
1 Grapheme = phoneme 0.50 40.28 36.88
2 | Grapheme = phoneme, without E, b, b 0.52 40.19 | 36.79
3 |Basic transcription 0.54 40.21 36.93
4 gir;?(s)g;if;ion based on the orthoepic 0.56 40.60 37,06
5 |Combined transcription rules 0.59 40.71 37.21

6 | Transcription proposed by Prof. A.

Sharipbay 0.57 40.93 37.04
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4. The phone-based experiment

At the next stage, independent phone-based experiments were con-
ducted, where the recognizable speech units were phonemes. Each uttered
sentence was interpreted as a sequence of phonemes separated by spaces.

As previously, the lexicon and the language model had been con-
structed from texts of the training set only. The experiments were car-
ried out according to the standard Kaldi ASR algorithm.

The results of the phone-based experiment are shown in Table
3. As previously, the best results are obtained for the first three sys-
tems, with the leader being system 1. You can see that here, unlike
the previous experiment, the WER values on the test and training sets
are comparable, i.e. the dependence on the lexicon and the language
model of the system is minimized. This factor makes the results of
this experiment much more significant than the results of the previous
word-based experiment (see Section 3). With regard to phonetic tran-
scription systems, the error dispersion in the test set is notably larger
than in the word-based experiment (about 2.9% on an absolute scale,
about 17% relative to the lowest WER). The order of the error is also
comparable with similar systems for English (Lopes, Perdigdo, 2011;
Graves, Mohamed, Hinton, 2013).

Table 3. The results of the phone-based experiment, WER

N Phonetic transcription system Train, % | Dev, % | Test, %
1 |Grapheme = phoneme 12.15 18.46 16.78
2 |Grapheme = phoneme, without E, b, b 13.40 20.05 18.00
3 |Basic transcription 13.35 19.48 17.94
4 gir;?(s)flrz‘lf;lon based on the orthoepic 13.77 19.98 18.33
5 |Combined transcription rules 14.67 21.63 19.43
6 |Transcription proposed by Prof. A.

Sharipbay 14.93 21.42 19.66

5. The test manual annotation experiment

Based on the experimental results presented in the previous sec-
tion, we can already draw certain conclusions about the performance
of the described systems of Kazakh phonetic transcription. However,
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it is not entirely correct to compare these systems directly with each
other, because they use different sets of phonemes, and therefore their
test sets differ.

In order to compare the performance of the described phonetic tran-
scription systems, we have chosen a minimal phonetic alphabet based
on the phonetic system proposed by Prof. A. Sharipbay (Sharipbay,
2017, p. 104-105), since this alphabet contains the smallest number of
phonemes among all considered phonetic systems.

For phonetic systems with a greater number of phonemes than in
the minimal phonetic alphabet, we have defined the following rules of
substitution in order to get rid of redundant phonemes in recognized
texts:

I - TC

4y - TH

9 - E

h - X

I — I

0 - Y

d - ©

n - I

E - E

b - (remove)
b - (remove)

In addition, in the transcription systems (2) and (4) that contain the
symbol W denoting the short consonant ¥, we have applied two more
rules of substitution, in the order indicated:

Yy - ¥

W -V

Using this minimal phonetic alphabet, we have annotated a small
phonetically representative speech corpus fest_manual, as an indepen-
dent test set. This corpus contains 83 Kazakh sentences, uttered by
three speakers (two males, one female). These 83 sentences consist
of 534 words and 3220 letters. All the letters of the Kazakh Cyrillic
alphabet are found in the corpus at least 11 times, except for the letters
E (0 times), 111 (8 times), B (6 times). All sentences of the corpus were
transcribed manually, by careful listening to the uttered sentences and
writing down their phonetic transcription.

The phoneme list contains 31 phonemes: 2, 85, B, B, T', T, II, E, X,
3,1, K, K,JI,M,H,H,0,6,I,,C, T,V, ¥, Y, ®, X, I B, I.
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In this list, the symbol ¥ is used only to denote the short conso-
nant sound as part of diphthongs (just like the W symbol in the basic
transcription system (2), see Section 2). Whereas the vowel ¥, which
makes a syllable and can be found in loanwords, is transcribed either
by the symbol ¥ or the symbol Y — depending on the hardness or soft-
ness of neighboring phonemes.

The symbol 1 is excluded from the system, since 1 is considered as
an allophone of the phoneme I.

Besides that, we have excluded the symbol h (transcribed as X); the
symbol 1T (transcribed as TC or C); the symbol U (transcribed as TII);
the symbol 1] (transcribed as 11I); the symbol 3 (transcribed as E); the
symbol 10 (transcribed as 1Y, or Y, or Y); the symbol g (transcribed
as A, or 118, or 8). The symbol & does not occur in the set.

Sample source sentences:

OPHCTHH TAMAUIA CATUPUK XASBVYIH MUXAWUII MUXANIIO-
BVY 30LIEHKO

CYBBEHIVA KOJIEMI EKI MWJIJIMAPI TEHT'E

PAIVMIIER TIETEPBYPI'TEH MOCKEYIT'E CAAXAT

Sample transcribed sentences:

YOPHCTHH TAMAIIA CATIPIT XASYIIH MIXANHIJI
MIXAMJIABII 3OMEHKA

CYBBEHCINMS KOJIEMI MEKI MIJIIAPT TEHTE

PAJIHVIIE® IIETOPBYPKTEH MSCKEYI'E CAMAXAT

The results of the test manual annotation experiment are shown in
Table 4. The best result was shown by the system with basic transcrip-
tion (3), and the second best is the system without transcription (1).
At the same time, the inferiority of the system based on the orthoepic
dictionary (4) and the system without E, b, b (2) compared with the
system 1 is not essential.

Table 4. The results of the test manual annotation experiment, WER

N Phonetic transcription system Test, %
1 | Grapheme = phoneme 23.38
2 | Grapheme = phoneme, without E, b, b 23.68
3 | Basic transcription 23.05
4 | Transcription based on the orthoepic dictionary 23.48
5 | Combined transcription rules 24.50
6 | Transcription proposed by Prof. A. Sharipbay 25.03
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6. Conclusions

The paper presents the results of the experiments on Kazakh speech
recognition using different phoneme sets and alternative phonetic tran-
scriptions. Based on the results obtained, it can be concluded that a
system with basic transcription, which takes diphthongs into account
and excludes rare loan phonemes, provides the most adequate model
of real Kazakh speech. On the contrary, systems using transcriptions
based on more complex orthoepic rules showed an inferior recognition
performance, which, presumably, was due to some inconsistency of
these rules with the actual sounding of Kazakh speech. Indeed, during
the time that the actual Kazakh Cyrillic alphabet and the phonetic sys-
tem on its basis are being used, native speakers have been able to adapt
to foreign loan phonemes. Now they are able to utter them as required
(e.g. in Russian), in an almost authentic manner. This conclusion is
also supported by quite good recognition results obtained by the sys-
tems without using any orthoepic rules (in the “Grapheme = phoneme”
experiments).

It can also be observed that reducing the number of phonemes to
36 (in the basic transcription) is absolutely harmless and even leads to
an increase in the recognition performance. This seems to be due to
that phonemes excluded from the phonetic system can be legitimately
considered either as diphthongs or as allophones of other phonemes,
more frequent in speech. At the same time, in the process of auto-
matic recognition, we do not observe any negative confusion effects
that could appear in consequence of classifying such phonemes to the
wrong classes. On the contrary, such negative effects get reduced, and
the recognition performance gets somewhat increased. This testifies
to the correctness of the substitution rules that we use to remove the
symbols E, 10, 4, h, Il b, b.

Further reducing the number of phonemes to 31 (in the minimal
phonetic alphabet) leads to a decrease in the recognition performance.
However, this can be explained by the complexity of the system of
orthoepic rules, rather than by shortening the phoneme list. Let us
also note that a certain portion of errors in the last experiment (with
the manually annotated corpus) may result from the rough mapping of
phonetic systems with a larger number of phonemes into the system
with the minimal phonetic alphabet.
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This work is a preliminary study. A more detailed study will re-
quire extensive analysis of the contribution of each single phoneme
into the performance of continuous speech recognition. Only on the
basis of such an analysis we shall be able to elaborate and introduce an
adequate phonetic system with appropriate transcription rules. That is
going to become the subject of our future work.
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