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ABSTRACT

The work is aimed to research the process of synthesis and analysis of musical compositions. The main goal is to
increase speed and quality of this process. This is done by combining sound analysis algorithms with music synthesis
technologies. By this method music taken by the device microphone is processed by the mobile application and then
transformed to the note sequence which could be edited by the user.
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1. INTRODUCTION

There are a lot of applications for music creation on the market, but they require deep knowledge music theory and
professional software. It will be difficult for users to “digitize” melodies from their mind using existing software as it
requires certain level of skills to use it. It is hard to find an application which allows to record a voice melody by the
microphone and then transform it into the form eligible for editing and play with a certain musical instrument'?. The
developed software system allows to solve described problem and provides simple to use tool for creating musical
compositions without deep knowledge of the music theory.

The research goal is to increase automation level of music creation process by combining sound analysis algorithms with
music synthesis technologies. It allows to transform voice sound into music sequence played by specific musical
instrument. The research object is technology stack for music synthesis and analysis. The research subject are software
and algorithms for automation of the music creation process. The main research goal is to develop an automated mobile
system with using of modern technologies for music synthesis and analysis.

2. CURRENT PROBLEM STATE ANALYSIS

Popularity of mobile devices is increasing every day. Mobile operating systems such as Android and IOS became the
main players on the market overtaking desktop ones. This happened because of wide popularity of developed mobile
applications and large number their users. There are dozens of applications for music creation on the market. Some of
them allows to recognize existing musical compositions others provide functionality for their creation. Such software
requires different level of competency in the music industry.

There are several competitors of the developed mobile software system. First of them is Shazam — application which can
identify music, movies, advertising, and television shows. It is based on a short sample played and using the microphone
on the device. The software is available for Android, macOS, i0OS, watchOS and tvOS.

Second competitor is Music Maker Jam. This application allows user to create his own musical compositions by using
prerecorded samples. It provides wide range of music styles which could be applied to the sequence. Some of them are
paid and others are free. One of the primary feature of Music Maker Jam is adding effects to the composition in real
time.
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Final competitor described in the article is Yandex.Music. This service allows to search and legally for free listening to
musical compositions, albums and collections of music tracks. One of the newest features of Yandex.Music if music
recognition feature. It allows user to detect metadata of the recorded music fragment. The comparative description of
existing solutions with the developed application is given in Table 1.

Table 1. Comparative description of existing solutions with the developed application.

Product feature Shazam Music Yandex.Music Dev?lop.ed

Maker Jam application
Music recognition 1.0 0.0 1.0 1.0
Ability to create custom music 0.0 1.0 0.0 1.0
Range of available musical instruments 0.0 0.4 0.0 0.8
User experience 0.8 0.6 0.7 0.9
Total: 1.8 2.0 1.7 3.7

Music recognition and custom music creation features are represented in binary format where 1 means feature presence
and 0 — its absence. Other features evaluated in a range from 0 to 1. Thus, after feature comparison of the given software
developed application scored 3.7 points which means that such software is relevant for development.

3. DEVELOPMENT OF THE SYSTEM MODELS AND ALGORITHMS

One of the main advantages of the developed system of analysis and synthesis of musical sounds is the use of the
combined method of creating musical compositions. It is based on the technologies musical sounds synthesis and
algorithms for their analysis.

The developed system provides automation of the audio components handling® and consists of two modules:
e module for musical sounds synthesis;
e module for musical compositions comparison and analysis.

The module for synthesizing musical sounds is responsible for generating musical instrument sound. This module
provides music creation mode. This mode has a sequencer functionality and allows to create music using criterion
modeling principles* and logic-mathematical apparatus for formalization and description of information processes™®. It is
represented as a two-dimensional space in which the OX scale is a timeline and OY is responsible for the height of the
notes. Thus, when placing a mark in a certain area of the working space at a specific moment of time, a certain note will
be played that corresponds to the position of the given mark.

Synthesis of musical sounds is based on OpenSL ES technology — a multi-platform application programming interface
for working with sound for embedded systems — smartphones, tablet computers, gaming consoles. This technology
provides the ability to play and record sound, playback surround sound, customize musical effects, support interactive
music and ringtones, and more. The object model of the OpenSL ES is based on the OpenMax software interface, which
provides an abstraction level to unify the process of working with audio, video and photo formats. The Native
Development Kit (NDK) for the Android operating system includes an adapted implementation of this interface and is
designed to develop digital audio workstations (DAWs), synthesizers, drum machines, and audio effects’.

Sound analysis module is responsible for input signal sampling. It returns arrays with sound signal representation in the
time domain. It is necessary to use a discrete Fourier transform (DFT) to obtain the frequency characteristics of signals
deployed in time. One of the most popular numerical algorithms for DFT calculation is the fast Fourier transform (FFT).
In fact, the FFT is represented by a set of algorithms. Among them, the most commonly used variants of the Kulu-Tukey
algorithm are used. The basis of this algorithm is the principle of "Divide and rule". In the course of calculations,
recursive decomposition of the original DFT into small parts is used'®'?. Music creation process is displayed in the
Fig. 1.
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Figure 1. Music creation process.

To simplify the search for musical compositions, their signatures are used as keys in the hash table. The keys correspond
to the time values when the set of frequencies for which the signature was found, appeared in the composition, and the
identifier of the composition itself (for example, the title of the song and the name of the artist).

As a result of the identification process, the procedure for recognizing music is performed by the method of analysis and
synthesis of musical sounds, the model of which is shown in Fig. 2:

1. Record the original sound.

2. Transformation of the signal into the frequency representation.

3. Creating an imprint for comparison.

4. Saving to the database in the required format
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Figure 2. The model of music recognition process.

The next step is to identify composition wave amplitudes and create fingerprints. This allows to recognize music even
with a high noise level. The model of the music synthesis and analysis is displayed in the Fig. 3.
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Figure 3. The model of the music synthesis and analysis.

Comparison of complete spectrographs causes performance issues, since it processes a few megabytes of unmanaged
data. The presence of third-party noise is also negatively affects the algorithm effectiveness. However, when playing
music tracks with different kinds of noise, the peaks of spectrograms are best kept. The peaks are represented as local
maximums of the amplitude. As a result, spectrograms are obtained by a "constellation" with such peaks. Therefore,
when searching for a result for the requested segment of a melody it is necessary find the corresponding track in the
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database, in which the coincidence of spectrogram peaks is the largest. In addition, there is a possibility to save hash
values based on the peaks instead of raw peak data. It allows to optimize the matching process'>™"".

Provided algorithm shows that user is able either to create new musical sequence or to recognize existing one. It allows
to provide a flexibility of the application. It is possible to use described features separately from each other if needed.
However, music creation process significantly accelerates when using these features together (Fig.4).

1

Recognize true
music
3 “Index
existing true
false composition
— 4
I Sampling
false
— 5
Saving
indexed item
6 Recognize — .
musical true ——
¥
g e — 7
false
Create true —— Sampling
music
10
gt Work with —o L
music editor Finding matches
12
Quit true — 1 J—
Returning result
false |

13 l
( End )

Figure 4. Sound synthesis and analysis system algorithm.

Each audio file is represented in a fingerprint format. The application compares fingerprints while new input is recorded
and returns the most relevant result. Music recognition algorithm is described in the Fig. 5.
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Figure 5. Music recognition algorithm.

4. CONCLUSIONS

Automated software system for music synthesis and analysis was developed. It is based on the combined method which
includes music recognition algorithms and technologies for its creation. The given approach increases speed and quality
of music creation process which allows users to be more productive while making music. The application was developed
for mobile operation system Android using Java, Kotlin and C++ programming languages.
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