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Abstract
This article is relevant due to the loss of the carriers of folk music that needs to be recorded in digital 
audio formats and requires music transcription for the subsequent creation of collections for the 
purposes of scientific research by ethnomusicologists. The study aims at determining the need to use 
software for the automatic music transcription of audio recordings of folk music. The main research 
method is the comparative analysis of the music transcription of the Tatar Kryashen songs performed 
by people and three AI-powered programs (Celemony Melodyne, AudioScore Ultimate and Cubase). 
Then we compared the scores we prepared and the visual data of three programs: wave, spectral, 
“piano roll” and traditional music scores. According to five evaluation parameters (the accuracy of 
displaying a melody, rhythm, key, time signature and subjective assessment), the Cubase program was 
recognized as the most user-friendly. It is still controversial whether to use artificial intelligence for 
the music transcription of folk songs since music researchers decide for themselves. The undoubted 
benefit of the automatic music transcription of folk music is the rapid analysis of audio recordings, the 
ability to create more music notations in a shorter time, assist in the analysis of fragments that are 
difficult to hear by ear and restore damaged audio recordings.
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Introduction
The article is relevant since numerous 
folk music archives located in various 
state scientific institutions and personal 
collections of folklorists need to be 
digitized. Musical transcriptions and 
catalogs are necessary for further 
scientific, educational and creative use 
by a wide range of people. The high value 
of folk music within cultural heritage is 
evidenced by the fact that folk songs serve 
as sources of different styles and trends in 
modern music (Briot, 2021).

Nowadays mass musical culture is in a state 
of degradation or “melodic stagnation” 
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(Zhang, 2020). Successful creative projects 
are often based on a modern interpretation 
of folk songs, which distinguishes them 
from one-day hits. This is associated with 
the lack of music collections and teaching 
aids on the music heritage of different 
peoples that could be used by soloists and 
ensembles, as well as students of creative 
specialties (Pavlov, 2021). Published 
notes have been mastered by singers and 
have already entered their repertoire, 
thereforearchival audio recordings of folk 
songs should be deciphered and brought to 
the consumer in a musical format (Grebosz-
Haring & Weichbold, 2020). 

https://dergipark.org.tr/tr/pub/rastmd/issue/68484/1080546
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Within the framework of this article, we will 
consider only one of the above-mentioned 
topics, namely the automatic music 
transcription of audio recordings of folk songs 
using artificial intelligence (AI) technologies 
(Sviyazova, 2019). The thing is that there 
is a large number of audio recordings (folk 
music “big data”) that need automatic music 
transcription to speed up processing and to 
assist folklorists and ethnomusicologists 
working with songs in audio format.

Literature Overview
Both Russian and foreign scientific studies are 
concerned with the topic of automatic music 
transcription but there are not many foreign 
surveys on working with folklore material. 
For example, there are only articles by Rao 
et al. (2012), Kroher and Gomez (2016). A 
consistent approach in the field of automatic 

music transcription is demonstrated by the 
International Society for Music Information 
Retrieval (ISMIR), which has been holding 
annual conferences for more than 20 years 
and publishes scientific collections of 
articles with free access for review (ISMIR, 
2022). Among the main directions of the 
ISMIR’s work is the creation of software 
for music analysis based on the European 
12 equal temperament system. However, 
these programs do not provide reliable 
results for vocal folk music since they do 
not capture all the subtleties of intonation 
less than a semitone and do not recognize 
complex rhythm-and-meter patterns of 
improvisation-based musical genres (Heil, 
2017). Therefore, the ISMIR community 
will continue its work in the direction of 
automatic music transcription.

Publisher: Springer; 1st ed. 2021 edition 
(July 3, 2021)
Editor: Prof. Eduardo Reck Miranda
Title: Handbook of Artificial Intelligence for 
Music: Foundations, Advanced Approaches, 
and Developments for Creativity
Language: English
Hardcover:1024 pages
ISBN-13: 978-3030721152
This book presents comprehensive coverage 
of the latest advances in research into 
enabling machines to listen to and compose 
new music. It includes chapters introducing 
what we know about human musical 
intelligence and on how this knowledge can 
be simulated with AI. The development of 
interactive musical robots and emerging new 
approaches to AI-based musical creativity 
are also introduced, including brain–
computer music interfaces, bio-processors 
and quantum computing.

Figure 1. “Handbook of Artificial Intelligence for Music” Book (Amazon.com, 2022)
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Summarizing the scientific issues of 
automatic music transcription and the 
use of artificial intelligence technology in 
music, “Handbook of Artificial Intelligence 
for Music” was published in 2021 (Miranda, 
2021). This book contains all the most 
relevant and recent world research in the 
field of artificial intelligence for musicians: 
a wide range of scientific topics affecting 
sociological, philosophical and musicological 
issues; music cognition and perception; 
improvisation and composition; orchestration 
and studio production; sound synthesis 
and signal processing; music transcription. 
This guide shows how artificial intelligence 
technologies have entered the music 
field by modern scholars, programmers, 
biologists and engineers, which reveals 
interdisciplinary perspectives in this digital 
sphere (Turchet et al., 2018).

In relation to AI-based automatic music 
transcription in this “Handbook”, we would 
like to highlight a long article by Lele Liu (2021) 
“From Audio to Music Notation”. It examines 
in detail the history of automatic music 
transcription, music information retrieval 
(MIR) and the current state of automatic 
music transcription (Liu & Benetos, 2021). 
While exploring different AI-based methods 
of automatic music transcription, Lele Liu 
called convolutional neural networks (CNN) 
the most promising. The author claimed 
that there were unresolved problems of AI-
based automatic music transcription, which 
is in line with the main topic of this article: 
“Although AMT is still very active as a topic 
within MIR, the performance of current 
AMT systems is still far from satisfactory, 
especially when it comes to polyphonic 
music, multiple instruments, non-Western 
music and ‘complete’ transcription” (Liu & 
Benetos, 2021: 707-708).

Speaking about the music transcription of 
“non-Western music”, many scholars mean 
vocal folklore and conclude that modern AI-
driven software cannot deal with complex 
rhythmic and metric structures, melismatic 
vocals, deciphering nuances of expressive 

performance or making full music notations 
(Kroher & Gómez, 2016: 901; Liu & Benetos, 
2021: 709).

Among some studies and achievements in the 
field of automatic music transcription, it is 
necessary to highlight the works of Arakelyan 
(2011), Gorbunova (2016), Gubaidullin 
(2016), Danshina and Fillipovich (2014), 
Kharuto (2019, 2020), Yunusova (2020), 
Yakimuk (2016, 2020), etc. In their works, 
these scientists and developers present the 
results of research in the field of automatic 
music transcription, both based on AI-
powered software (Speech Analyzer, Praat) 
and their own inventions (SPAX, Yunusova & 
Kharuto, 2020) in this area.

unusova and Kharuto (2020) represented 
a relatively new scientific field – 
Computational Ethnomusicology (CE) – that 
covers several areas, including automatic 
music transcription. In general, the article 
by Yunusova and Kharuto is a fundamental 
analysis of the historical development 
and the current state of automatic music 
transcription in the field of traditional folk 
music. The authors called computer-assisted 
music oriental studies a separate direction 
in the Computational Ethnomusicology in 
Russia, including this study on the automatic 
music transcription of the Tatar folk songs 
(Yunusova & Kharuto, 2020).
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Figure 2. A. V. Kharuto and SPAX program developed by him/her

A certain scientific and technological 
breakthrough was made by Kharuto (2019). 
He developed the SPAX program to decipher a 
monophonic example of a folk song belonging 
to a “non-European” 12 equal temperament 
system with high accuracy, when the exact 
type of scale, temperament and interval 
structures are not set. We find it important 
that this program does not perform complete 
automatic music transcription but serves 
only as an intermediate result for the study 
and notation of a folk song as the authors 
mentioned (Kharuto, 2019).

Each of the above-mentioned authors 
analyzed one of the existing problems in 
the field of automatic music transcription. 
Thus, a group of scientists (A.A. Konev, 
A.Yu. Yakimuk, A.O. Osipov) “developed a 
software package capable of working with 
audio recordings of vocal performances in 
wav format and recordings made through 
the interface” (Konev et al., 2015; Yakimuk, 
2020). However, the practical development 
of A.Yu. Yakimuk is not associated with 
automatic music transcription for the 
purposes indicated in this article, therefore 
it can only be an additional tool. The main 
objective of the software developed by 
A.Yu. Yakimuk is to improve the training of 
vocalists in order to practice off-key singing.

It is worth mentioning that there is 
no specialized AI-driven software for 
the complete music transcription of 
audio recordings of folk songs and 
ethnomusicologists have to use various 

programs in their work. It is noteworthy that 
many scientific works used the Melodyne 
program (Celemony Melodyne) (Celemony, 
n.d.) within comparative research methods. 
This software is not intended for automatic 
music transcription but is used in studio work 
as a tool for sound processing and correcting 
performance errors. Although there are 
many specialized programs for automatic 
music transcription and the effectiveness of 
their work is described in scientific papers 
(Sviyazova, 2019), the Melodyne program 
remains one of the most popular among 
ethnomusicologists. We consider the results 
of song analysis as exemplified by this 
and other programs, which will give the 
opportunity to identify the pros and cons of 
using artificial intelligence in the process of 
automatic music transcription.

Objective of Study
The article aims at conducting a comparative 
analysis of several AI-driven programs used 
for the automatic music transcription of the 
one-voiced folk song of the Tatar Kryashens 
“Och Bagana” (“Three Pillars”). The results 
should reveal pros and cons of each program, 
and help musicians choose the best digital 
assistant for the musical transcription of folk 
songs powered by AI technology. The main 
criterion for choosing such a program is to 
facilitate musical transcription in the process 
of creating folk music scores and singing 
tutorials. Thus, it is necessary to make not 
complex ethnomusicological and analytical 
notations but simpler forms for a wide 
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range of musicians. The collection, storage, 
processing and use in education and musical 
creativity of numerous folk songs written by 
various peoples of the Volga region is one of 
the tasks set for students and teachers of the 
Department of Ethno-Artistic Creativity and 
Music Education of the Kazan State Institute 
of Arts and Culture.

Importance of the Study
Based on the above-mentioned objective, 
we set the following tasks:

	¾ To process a digitized audio recording 
in wave format using such programs as 
AudioScore Ultimate, Celemony Melodyne 
and Steinberg Cubase with the output in a 
MIDI file for the final editing of the score in 
the Sibelius program;

	¾ To compare the results of “human” 
music transcription with automatic music 
transcription in three programs according to 
the criteria of maximum accuracy of melody 
and rhythm; the ability to determine scale 
and time signature;

	¾ To determine pros and cons of each 
program in the process of automatic music 
transcription and their possible use in the 
mass processing of folk songs at the stage of 
finalizing music collections for publication.

The theoretical results will be useful for 
ethnomusicologists working with large arrays 
of audio recordings belonging to folk music 
in the process of their analysis and notation, 
as well as software developers in the sphere 
of AI technology to understand the related 
problems and needs.

The practical results can be used in 
music colleges and universities within the 
framework of such disciplines as “Collecting 
and transcribing folk music” and “Music 
informatics” as an example of using artificial 
intelligence technologies in the educational 
process. As a modern pedagogical approach, 
one can use the competitive method we 
proposed (Dyganova et al., 2017). For 
example, we divided students into groups 

to analyze songs in two or three different 
programs, compared the results on the speed 
and quality of music transcription. Thus, 
we would create the effect of competitive 
training in studies and research activities.

Thus, the tasks of this study lie in 
several related scientific fields, including 
computational ethnomusicology (computer-
assisted music oriental studies), automatic 
music transcription, as well as artificial 
intelligence technologies for musicians and 
teachers.

Methods
Research Model
In this research, phenomenology and case 
study, which are qualitative research 
methods, were used together. According to 
this paradigm, the experience of the experts 
in the field of musicology with regard to 
existing software and these experiences are 
compared according to certain criteria. In 
the research, it was made to compare the 
performances of the software suitable for 
western music against Tatar folk songs and to 
describe the current situation from different 
perspectives. The authors did the analysis 
of visual music display in three popular 
programs having free versions: AudioScore, 
Melodyne and Cubase. The following visual 
forms of display have been chosen: wave, 
spectral, “piano scroll”, traditional music 
score and notation. These formats are 
most suited for a comparative analysis of 
programs with the results of “human” music 
transcription since the main objective of this 
study is to select the most convenient digital 
tool to assist an ethnomusicologist.

Procedure
The practical scientific basis for the study 
was the digital music laboratory of the 
Kazan State University of Culture and Arts 
and folk songs recorded from their carriers 
by a Bachelor student Lyubov Mikhailovna 
Timofeeva, who graduated in the direction 
of “Artistic Folk Culture” under the profile 
“Ethnocultural Center Administration” in 
2021. For example, we selected the “Och 
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Bagana” song (“Three Pillars”) recorded 
from a resident of the village of Staroe 
Tyaberdino of the Republic of Tatarstan, 
Galina Efremovna Medova (born in 1961). 
This is a song of the Tatar Kryashens in a 
drawling manner sung by unmarried girls 
during the summer games of the Pitrau 
holiday (Peter’s Day).

Considering the rhythm-and-meter 
complexity of such tunes, the presence of 
melisma and improvisation, we face a rather 
difficult task to reveal the capabilities of 
three programs. The automatic detection 
of a digitized audio recording comprises the 
following file formats: the original audio 
recording of the song in wave format, the 
final output in MIDI file and the upload of 
MIDI file to the Sibelius program (or any other 
notation editor, for example, MuseScore).

At the preliminary stage, we have not edited 

out any overtones and noises from the audio 
recording. This is also an important point 
in evaluating the functioning of programs 
since the singer’s breathing or extraneous 
noise during recording manifest themselves 
in spectrograms that cannot remove useless 
sound signals. This folk song is presented 
as a “field” recording, i.e. recorded on a 
smartphone in a lively atmosphere.

Results
Variety of AI-powered Programs
The automatic music transcription of the 
Tatar Kryashen lingering folk song “Ech 
Bagana” (“Three Pillars”) conducted in each 
AI-powered program should be compared 
with the notation we performed. It is worth 
mentioning that our notation was not made 
in an analytical form but rather a simpler 
format suitable for a wide range of musicians 
and students of music schools.

Notation 3. The notation of the “Och Bagana” song we compiled

The song lyrics can be literally translated in 
the following way:

“We’ll have three pillars, we’ll have three 
pillars
Let us play with this obstacle;
Let all the girls get together, let all the girls 
get together
Shall we play until dawn?”
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Cubase 5 Program
Firstly, we will analyze this song in the world’s 
most popular Cubase 5 program (Steinberg, 
n.d.). Although there is already version 11, 
we want to show that this software has 
been able to create scores from audio using 
artificial intelligence for many years. It is a 
multi-functional program for studio workers, 
composers and phonogram producers used 
to improve the purity of vocal performance. 
We will use this function called Vari Audio 

(hereinafter referred to as Pitch & Warp) 
and is located on the Sample Editor tab. 
Figure 4 presents the song simultaneously 
in wave, spectral and “piano roll” formats, 
which clearly shows each part of the singing. 
In Figure 4, we see the vocal vibration of 
the performer. This is a good indicator of 
automatic music transcription. Although not 
reflected in the music notation, this can be 
done in comments.

Figure 4. The visual display of the 1st to 10th measures of the “Och Bagana” song in Cubase 5 (wave, spectral 
and “piano roll” formats)

The next screenshot demonstrates the 
process of converting the same fragment 
of the song to MIDI file. For that, the user 

should click the Functions > Extract MIDI on 
the Sample Editor tab (Figure 4 on the left).

Figure 5. The visual display of the 1st to 10th measures of the “Och Bagana” song in Cubase 5 (MIDI file and 
“piano roll”)
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Figure 6. The visual display of the 1st to 10th measures of the “Och Bagana” song in Cubase 5 (MIDI file and 
“piano roll”)

This format is as close as possible to the 
notation. When the user switches to the 
Score tab in Cubase, the traditional music 

notation of the song appears on the screen 
(Figure 6).

Figure 6 already shows some problems of 
the notation: the excessive fusion of notes 
and the difficulty of displaying the rhythm 
for the subsequent reading of notes. This 
is due to the special accuracy of measuring 
the duration of notes in the Cubase program 
(up to 1/128 of the duration in this version). 
Automated quantization (aligning rhythm 
patterns of the song) was not performed. 
From the viewpoint of music theory, 
the program is “illiterate” since the key 
signatures of the song (in C minor) were not 
set. This function is available in the other 
programs but this software requires pre-
settings of the tone system on the Midi tab.

AudioScore Program
Let us consider the possibilities of 
AudioScore (Neuratron AudioScore Ultimate) 
(Neuratron, 2020) in transcribing the same 
song. In Figure 7, we see that the AudioScore 
program automatically detects that the 
given sample is performed by a human voice 
(see the Voice line at the bottom right). 
Moreover, this program can detect musical 
instrument timbres and polyphonic music 
with up to 16 simultaneous sounds. Rhythmic 
figures and note values are available up to 
1/32 note. The spectrogram in Figure 7 is 
rather conditional and less detailed than 
in the Cubase program. It does not reflect 
voice vibration, which is also significant for 
automatic music transcription. 
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Figure 7. The visual display of the 1st to 10th measures of the “Och Bagana” song in AudioScore (spectral format 
and “piano roll”)

In Figure 8, we can see the “flaws” of 
the program in the music notation of a 
monophonic song, where it is recorded as 
a two-voice song. This happened because 

AudioScore combined notes that are less 
than 1/32. They are layered on top of each 
other like in a two-voice song.

Figure 8. The visual display of the 1st to 10th measures of the “Och Bagana” song in AudioScore (keyboard music 
sheets and music scores).



Automatic musical transcription of the Tatar folk song: comparative analysis of Al-powered...

156

Figure 10. The visual display of the 1st to 10th measures of the “Och Bagana” song in Melodyne 3 (“piano roll” 
and spectral format)

Figure 9. The visual display of the 1st to 17th measures of the “Och Bagana” song in Melodyne 4 (“piano roll” and 
spectral format)

Melodyne 4 Program
The results of the Melodyne 4 program 
(Celemony Melodyne) can be seen in Figure 

9. For comparison, the results of Melodyne 3 
are shown in Figure 10.

Figure 9 and Figure 10 demonstrate 
screenshots from the Melodyne program that 
is mainly intended for the studio correction 
of vocal performance. It also copes with 
automatic music transcription and saves the 
results in a MIDI file, which is convenient 
for the further song editing. However, the 
analysis of notes in this program is limited 
to 1/32, which significantly reduces the 

results of automatic music transcription. A 
distinctive feature of its latest versions is 
automatic noise reduction, improved analysis 
of rhythm-and-meter features (bar division), 
key definition, the ability to analyze chords 
and polyphony. All this puts the program on 
a par with the most effective tools used by 
musicians for automatic music transcription.
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Table 1. The comparison of the automatic music transcription of the “Och Bagana” song performed in three 
programs

Comparison of Software 
After using three programs, we compared 
“human” music transcription and automatic 
music transcription according to the 
following criteria: the maximum melodic and 

rhythmic accuracy; the ability to determine 
the key and time signature. Our subjective 
assessment on a 10-point rating scale is 
presented in Table 1. 

Evaluation criterion Cubase Melodyne AudioScore
Melodic accuracy 9 8 7

Rhythmic accuracy 9 8 7

Key definition 0 9 9

Time signature and bar division 9 8 8

Final score 27 33 31

Subjective assessment Best Good Poor

Table 1 clearly shows the results of all the 
programs. In our opinion, the evaluation 
criterion “Key definition” is not the most 
important since a competent musician can 
easily determine the key using accidentals. 
In relation to folk songs, this is not a crucial 
element for automation as there are often 
modal variability, non-European modal 
systems and other modal factors typical of 
folk music that are still unknown to artificial 
intelligence. In this case, the fact that 
Cubase did not set chromatic signs is not 
regarded as a disadvantage. This program 
has many settings and functions for each 
editor, including the choice of mode and key.

The above-mentioned screenshots and 
personal experience indicate that Tatar 
folk songs are characterized by numerous 
melismas, short notes, complex rhythms and 
vocal improvisation. Under these conditions, 
the Cubase program is deemed the most 
suitable. The sensitivity of recognition 
and quantization of note values is 1/128 
– this fact provides this software with a 
competitive advantage over the other two 
programs. Being a full-fledged virtual studio, 
this program has the ability to process and 
edit audio recordings (for example, noise 
reduction) with a high degree of accuracy 
before automatic music transcription, which 
increases the quality of music transcription.

The pros of Cubase in the automatic music 
transcription of a folk song. The user can add 
audio files of various formats, when the other 
two programs have limitations (support only 
mp3 and wave).

The Melodyne program provides the high-
quality and detailed transcription of 
vocal music, displays the key and divides 
into measures. The only drawback is the 
inaccurate display of rhythmic features in 
music transcription (the developers did not 
make it for ethnomusicological automatic 
music transcription). If we evaluate 
programs in accordance with their ease of 
use, Melodyne takes the top spot. Cubase 
has a more complex interface, requires 
a powerful computer and the skills of a 
musical sound engineer, which is an obstacle 
for ethnomusicologists.

Discussion
Many scholars assessing software for 
automatic music transcription prefer using 
Melodyne for the purposes of comparative 
analysis because it allowed automatic 
vocal recognition earlier than Cubase and 
provided good results (Gubaidullin, 2016; 
Yakimuk, 2020). The developers of Melodyne 
are constantly improving their product, and 
its current version recognizes polyphonic 
music. In this regard, Melodyne and Cubase 
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are on the same level, struggling for market 
leadership.

The AudioScore program is the best tool 
for transcribing the European 12 equal 
temperament system, with rhythmic 
figures of at least 1/32 notes. It recognizes 
polyphony and divides the score into voices. 
In relation to the Tatar Kryashen folk song, 
the program failed to provide automatic 
music transcription in a suitable form.

One of the practical issues that 
ethnomusicologists might face when selecting 
one of the above-mentioned programs is the 
high price for a license, varying from $100 
to $2,000 for different versions. Their free 
demo versions are limited to one month.

According to the main criterion for choosing 
a digital assistant to speed up and facilitate 
music transcription for a person creating 
collections of folk music and teaching aids 
for singers, all three programs can be used 
with due regard to the above-mentioned 
disadvantages. We have been conducting 
similar studies for several years, and other 
works on this topic are presented in the 
article (Borodovskaja, 2021).

Conclusion
Summing up the study results, we have 
determined pros and cons of using 
AI-powered programs for the music 
transcription of the Tatar folk music. The 
traditional “human” notation of folk songs 
is a rather complicated and time-consuming 
process that requires a good ear for music 
and literacy in the field of music theory, 
harmony and solfeggio. However, there are 
such complex audio examples of folk songs 
in which small notes of melismas are barely 
perceptible to the ear, performance-specific 
rhythmic and other musical nuances are 
very difficult to catch or there are damaged 
fragments in an audio recording. In this 
case, AI-powered programs serve as digital 
assistants in the field of computational 
ethnomusicology. The visual display of a 
song in the form of a spectrogram and a MIDI 

keyboard allows to “see” difficult parts of 
the song and helps to edit notes. The pros 
of such programs include the high speed of 
audio processing in the process of automatic 
music transcription, which is required for a 
large number of folklore archives.

Artificial Intelligence is playing huge role 
in music creation and music processing. 
Computational ethnomusicology has great 
prospects for development when digital 
technologies are rapidly changing the 
world and all areas of human life. AI-based 
technologies for processing big music data 
(folk song recordings) need joint efforts of 
both programmers and musicians.

The cons of AI-driven software for music 
transcription are the need for basic “music 
computer” skills; the high cost of licensed 
programs and equipment for computational 
ethnomusicology; the inaccuracy of 
automatic music transcription. It is much 
easier and faster for many musicians to 
notate an audio recording of a folk song 
using their hearing, mind and knowledge.

The research objective was fully achieved. 
Using AI-driven programs, we have 
determined some melismas (hard to hear 
by ear) in the 7th and 13th measures of the 
Tatar Kryashen song “Och Bagana” (“Three 
Pillars”) and added them to the final score. 
The comparative analysis demonstrated 
that Cubase or Melodyne should be selected 
as digital assistants for the purposes of 
automatic music transcription since they 
fully reflect all the vocal nuances in a 
spectrogram. The Cubase program showed 
the best results in the visualization of notes 
in the process of music transcription. The 
final decision on the use of programs for 
automatic music transcription rests with 
musicians.

Prospects
This research will be useful for scholars 
studying the folk music of the Eastern 
peoples, whose melodies are often complex 
in terms of rhythm and melody. The 
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experience of using three programs can 
be beneficial for Music Informatics classes 
where students of music universities process 
the results of folklore expeditions.

Limitations
Computational ethnomusicology has great 
prospects for development when digital 
technologies are rapidly changing the 
world and all areas of human life. AI-based 
technologies for processing big music data 
(folk song recordings) need joint efforts 
of both programmers and musicians. A 
significant limitation is a fact that most 
programs for automatic music transcription 
are made by European developers and 
aim at samples of European and popular 
music. Furthermore, they are expensive 
and inaccessible to Russian and Eastern 
ethnomusicologists. At the present stage, 
AI-driven software for automatic music 
transcription cannot accurately score a folk 
song in comparison with a person, which 
is the main factor limiting the use of such 
digital assistants.
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