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ATIAM Master

ATIAM
Acoustics,
Signal Processing, and
Computer Science
applied to Music

Teaching units - Semester 3 ∼ 300 hours

Basics for ATIAM (6 ects)

Musical acoustics (6 ects)

Musical signal processing (6 ects)

Informatics applied to music (6 ects)

Projects and Musical applications (6 ects)

Teaching units - Semester 4

Career prospects & English (6 ects)

Internship (24 ects)
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Students background

2016-2017 2017-2018 2018-2019 2019-2020

2020-2021 Informatics Acoustics Signal Processing

11.1%

33.3% 55.5%

33.3%

44.4%

22.2%

50%
39%

11%

44.4%

22.2%

33.3%

55.5% 33.3%

11.1%
∼ 66% of students have no background in acoustics

∼ 40% to 50% of students have no background in
physics since high school

Before beginning Musical acoustics teaching, 15 hours
for ”refresher courses” (acoustics, vibrations and
electroacoustics)
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Limits of the traditional education

State of the situation 2012-2015

Students appear to be less interested in acoustics (than signal processing
and informatics)

Increasing gap between hopes of the
teacher and the students’ results (low
marks at the final evaluation)

Lack of motivation in learning, passive
students, use of other students’
knowledge

Wide diversity of student backgrounds,
traditional education is limited:
prerequisites, in-depth study, difficulties
for understanding

fA2l.be - ”I Teach but do they learn?”

Þ How to make Musical Acoustics great again ?

Teaching method Teaching implementation Teaching evaluation
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Teaching Approach
Teaching implementation
Teaching evaluation

Teaching approach
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Teaching Approach
Teaching implementation
Teaching evaluation

Looking for another teaching approach

How to attract students?

How to motivate students?

How to trigger learning?

We want a challenging task!

We want a current problem!

We want to practice!

Let’s start from the student’s point of view!

Þ Building of a new teaching unit centered on challenging and current
problems and projects
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Teaching Approach
Teaching implementation
Teaching evaluation

Problems and projects definition

Þ Sound synthesis by physical modelling

Þ Experimental identification of physical parameters

are challenging and current topics which are adapted to the
ATIAM curriculum with a direct link to signal processing and
informatics

Problems and projects defined by instrument family

Percussion: glockenspiel & kettledrum

Strings: damped string & Kora

Winds: trumpet & clarinet

Room acoustics & sound recording

Þ Increasing the scientific complexity, from free to forced oscillations,
integrating progressively damping mechanisms and couplings between
structures, radiation in a room

Þ Identification of learning outcomes shared with the students (contract)
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Teaching Approach
Teaching implementation
Teaching evaluation

Teaching implementation
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Teaching Approach
Teaching implementation
Teaching evaluation

Sequencing

october november december

Percussion

Strings

Winds

PW

PW

PW

Radiation and Room

For each instrumental family:

2 Problem-Based Learning in 2 weeks Þ define problems that lead to
specific learning outcomes

1 Practical Work Þ compare models to actual instruments (complexity)

Evaluation on learning outcomes + report

Radiation, Room acoustics & Sound recording

1 Project-Based Learning in 2/3 weeks Þ including experimental data
gathering and processing; model implementation

2 lectures used as references for the problem

Oral presentation + evaluation on learning outcomes

Final evaluation at the end of the semester
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Teaching Approach
Teaching implementation
Teaching evaluation

Practical Teaching and project

Practical teaching linked to selected problems

First modes identification of a glockenspiel
and a vibraphone and a kettledrum

Model and measure mobility of a classical
guitar in low frequencies

Study losses due to viscous and thermal
effects when propagating in a recorder

Room acoustics project

Students are asked to synthesise the impulse
response allowing, by convolution of the anechöıc
recordings, to obtain a result comparable to the
sound recording they made in a concert hall.
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Teaching Approach
Teaching implementation
Teaching evaluation

Problem-based learning: in practice

Tutorial group

Problem
assigned

Ê Clarify terms and
concepts not readily
comprehensible

Ë Define the problem

Ì Analyse the problem

Í draw a systematic
inventory of the
explanations inferred
from step 3

Î formulae learning
outcomes

Personal
study

Ï Homework on the
specified book
chapters, to collect
additional
information outside
the group

Tutorial group

Problem
solving

Ð Synthesize and test
the newly acquired
information

Oral
presentation
to the class

Assessment of the
group work and of

the individual learning

Restructuring

if needed by
the students:

remove
ambiguities
and answers
to questions

Þ The problem/scenario is the key-point of this teaching method

Þ Each student has a role (Scribe, Chair, etc) and the teacher is a tutor
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Teaching Approach
Teaching implementation
Teaching evaluation

Teaching evaluation
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Teaching Approach
Teaching implementation
Teaching evaluation

self-evaluation: example of PBL1 of string session

Averaging over 18
students...

Learning outcomes

S
k

il
l

le
ve

l

1

2

3

4

5

[1] [2] [3] [4]

Before the PBL

After the PBL

The group’s
production

The atmosphere in the
group, the working climate

The organisation
of work

The involvement and
expression of each

of the members

The relationship
to the tutor

The relation-
ship to the

problem situation

Approximate time devoted to homework between the two sessions reported
by students 2h30

Overall time devoted to homework has significantly increased (8 to ∼32 h)

The involvement of students is spread throughout the teaching unit
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Teaching Approach
Teaching implementation
Teaching evaluation

5 years later...

Advantages

Define detailed learning outcomes (instead
of a program)

Define sequences regularly assessed to
record the students progress

Improve the teaching alignment

Significant increase the student’s time
devoted to the learning

fa2l.be

Students develop a sense of ownership of their learning and knowledge
Significant improvement the student’ skills at the end of the teaching unit

Drawbacks

Questioning the teaching work
Significant amount of time to set up (problem design, training of teachers)
Requires the collaboration of colleagues from others units during the same
period for side effect: time-slots devoted to student personal study
Few students do not play the game (less and less over years)
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Conclusion
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Take home message

Active learning method is now used by ATIAM’
students to study Musical Acoustics

The teacher’s new role as a tutor requires a
learning that is, over time, extremely inspiring :
the knowledge is in the book chapters given to the
students, the tutor only has to focus on the
students’ difficulties

In addition to technical and scientific knowledge,
the students acquire complementary skills
(communication, teamwork, problem solving,
information sharing ...)

Année Universitaire
2019-2020

Examen UE MU5MEAT2 - Acoustique Musicale
8 janvier 2020 - 3h

Master 2 Sciences pour l’Ingénieur / Informatique - Parcours ATIAM

Les documents sont autorisés. Les téléphones portables et autres systèmes communicants ainsi que les
ordinateurs sont interdits.

Nom : Prénom : Numéro d’étudiant :

Suite à l’invention du phonographe par T. Edison en 1877, il devient pos-
sible d’enregistrer, pour la première fois, le son d’un instrument de musique
en gravant un sillon sur un cylindre de cire. L’inconvénient majeur de cette
méthode d’enregistrement est qu’elle nécessite de capter des sources de
fort niveau dont l’énergie sonore est essentiellement dirigée vers le pavillon
d’enregistrement. Les instruments à cordes ne sont clairement pas adaptés
à cette méthode d’enregistrement. De façon pragmatique, l’ingénieur A.
Stroh, en 1899, propose un brevet (GB9418 � Improvements in Violins and
other Stringed Instruments � accepté le 24 mars 1900) dont l’objectif est
de remplacer la caisse de résonance de l’instrument par un système de
diaphragme connecté à un pavillon, ce qui accrôıt considérablement la di-
rectivité des instruments, comme le violon, lui permettant de s’adresser
clairement au phonographe enregistreur. Ainsi est né une famille d’instru-
ment, dit � instruments à pavillon � ou � Stroh �, qui est encore jouée de
nos jours, notamment, en Europe de l’est. Outre les violons, il existe des
violoncelles, contre-basse, ukulélé, mandoline, guitare avec des pavillons.

L’objectif du travail que vous allez mener est de proposer une modélisation globale des ces
instruments pour pouvoir, à terme, en simuler le son. Pour cela, le travail est décomposé en trois
parties : (1) Modélisation des instruments à pavillon ; (2) Simulation sonore de deux instruments
(violon et guitare hawäıenne) et (3) Prise de son dans une salle de concert en vue d’une comparaison.

Partie 1 : Principe physique de l’instrument Stroh

Pour simplifier le fonctionnement d’un instrument à pavillon, on modélisera le chevalet par son
premier mode (de masse modale Mb et de raideur modale Kb) pouvant se mouvoir uniquement en
translation (suivant l’axe y). On supposera que sa base est connectée en un point au centre du
diaphragme, modélisé par une membrane dépourvue de raideur, d’admittance Ym(ω). La corde est
supposée exercer un effort ponctuel (Fs) sur le chevalet dans la même direction que celle dans laquelle
est capable de bouger le chevalet.

Q1 On considère une corde parfaitement souple, non amortie, de tension constante Ts, de masse
volumique ρs, de section ds et longueur Ls fixée entre le sillet et le chevalet, effectuant un
mouvement uniquement selon l’axe y.

1. Donner l’équation à laquelle le déplacement ys de la corde obéit. Expliciter tous les termes
en fonction des données du problème.

2. Déterminer les modes et les pulsations propres de la corde. Expliciter la norme choisie.

Année Universitaire
2020-2021

UE Acoustique Musicale - séquence Cordes
16 novembre 2020

Master 2 Sciences pour l’Ingénieur - Spécialité Acoustique - Parcours ATIAM

Durée 30 min, documents de travail autorisés et tout appareil communicant strictement interdit.

A l’instar du travail des Frères Baschet au cours du 20e siècle créant la Gonflandoline (voir Figure 1-A),
M. Bestmaker souhaite créer un instrument révolutionnaire à mi-chemin entre un banjo et une guitare, qu’il
nomme Banjare. Son idée est de concevoir un instrument de dimension comparable à une guitare, fabriqué à
partir d’un matériau parfaitement rigide. La table d’harmonie (partie en gris clair, Figure 1-B) serait, quant
à elle, une simple membrane parfaitement flexible. Un chevalet y serait fixé pour transmettre la vibration des
cordes tendues entre le manche et la caisse et, comme la guitare, il souhaite lui adjoindre un évent.

A B

Figure 1 – A- Photo d’une Gonflandoline (Frères Baschet 1952) et B- Description schématique de la guitare
à membrane, appelée Banjare.

Pour dimensionner le Banjare, M. Bestmaker a besoin de votre expertise. Pour simplifier le problème, nous
ne prendrons pas en compte la contrainte imposée par les cordes sur la membrane.

1. Identifier chaque élément utile au dimensionnement de l’instrument et expliquer leur impact sur le son
de l’instrument.

2. Ecrire les équations de couplage entre chaque élément identifier à la question précédente.
3. Calculer, à partir d’une description modale, le déplacement de la corde en fonction du temps qui

prend en compte les effets dissipatifs et de raideur en fonction des conditions initiales (déplacement
triangulaire et vitesse nulle)

4. Proposer (en le justifiant) un modèle basse fréquence de l’instrument sans les cordes et expliquer
comment estimer chacun des paramètres introduits.

5. Expliquer comment, à partir du modèle basse fréquence précédent et de la vibration de la corde, vous
pourrez faire entendre à M. Bestmaker une simulation de sa future réalisation.

in 2019

in 2020
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