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Abstract

Sound simulations by physical models are interesting to transcribe the physics
underlying the functioning of a musical instrument. These simulations make it
possible to listen to a virtual instrument with a mode of operation representative
of the interaction musician/instrument (driving a sound by the causes that create
it). The work consists in studying the contribution of machine learning methods
in the understanding of the relationships between the shape of an instrument
and the sound produced, in order to "optimize" the shape of an instrument
according to different perceptual dimensions (intonation, ease of emission,
dimensions of timbre, etc.). The application concerns the brass instruments
(trumpet, trombone). The method could be interesting to assist instrument
making and to customize instruments. A partnership with Yamaha corporation
(Japan) is planned in the frame of the internship. Yamaha will provide different
case studies and the development of prototypes.

Keywords: user-centered design, acoustics of brass instruments, sound
simulations, psychoacoustics, machine learning
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For the development of new instruments or their optimization, it is important to
be able to predict during the design phase how a future product will be perceived
by the musician. In this context, sound simulations by physical models constitute
a very interesting approach because they allow, by working on a virtual
prototype, to explore the design space, creating a large number of virtual
instruments. The main interest of these simulations is that the sound result is
driven by the causes that create the sound, as for a real instrument: if the
physical model used is detailed enough to generate simulations in agreement
with the real behavior (such as it is perceived by the musician), then the
simulations can constitute a predictive tool for the development of the instrument
(virtual acoustics) [4].

The project focuses on the brass instruments (the trumpet), for which a previous
study was conducted in 2023 [8, 9].

In the continuation of this previous study, the objective of the project is to model
the relationships between the sound of an instrument (characterized by
descriptors such as the intonation, the timbre, ...) and the shape of the resonator
(called the bore). Machine learning models will be fitted to a training set of virtual
instruments, simulated with a classical physical model already developed in the
teams of the supervisors [1-2-3].

The work will consist of the following stages:
1. Generation of sounds. Sound simulations by physical model are used

to create a database of sounds, with the shape of the resonator as input
and the sound signal as an output. This stage includes the calculation of
the input impedance of the resonator. Different features will be considered
to describe the sounds (spectral centroid, MFCC, inharmonicity,
intonation, ...). In this stage, implementations of temporal simulations,
already available in the teams of the supervisors, will be used. Non-linear
propagation in the resonator might also be included.

2. Supervised learning. A model is fitted to the database, with the shape
of the resonator (bore geometry) as an input and the different features as
outputs. Different (classical) methods will be tested (regularized
regression, Multilayer perceptron (MLP), neural networks, SVM, ...) [5-6-
7],

3. Optimization. An optimization of the bore geometry is carried out, for a
given target of the features, using the previous model. Different gradient-
free methods can be implemented (Genetic Algorithm, Nelder Mead
simplex, Rosenbrock method, ...) [10],

4. Validation. The objective of this last stage is to verify that the optimized
bore, obtained in stage 3, produces sound features close to the target,
using sound simulations.
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5. Validation with a prototype. After the manufacturing of the shape of the
resonator, tests with musicians can be carried out to test the optimized
bore.

This work is a first step to be able to include simulations by physical model in
the design process of musical instruments. According to the interest of the
student, perceptual tests could be carried out to assess the ability of sound
simulations to represent the functioning of real instruments.
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