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AURALIZE - Workplan

1.Lecture A1l - Historical overview and importance of acoustics as intangible heritage (CFR - March
21, 2025 - online);

2.Lecture A2 - Fundamentals of room acoustics. (FER, April 14, 2025 - in person - Zagreb);

3.Lecture A3 - Equipment and methods of recording acoustic measurements, analysis, and
interpretation - theoretical and practical part (CFR in Zagreb, April 14, 2025 - in person - Zagreb);
4.Acoustic measurements in Zagreb (CRO): Vatroslav Lisinski Concert Hall and National Theatre of
Zagreb - (CFR & FER, April 15, 2025 - in person);

5.Acoustic measurements in Faenza (ITA): Teatro Masini in Faenza (CFR & FER, April 29-30, 2025 - in
person);

6.Lecture A4 - Virtual acoustics, production workflow, and software (FER, May 5, 2025 - in person -
Zagreb);

7.Lecture A5 - Multi-disciplinary uses of virtual acoustics (cultural heritage, sonic archaeology, games,
media, etc.) (CFR, May 6, 2025 - in person, Zagreb).
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Room acoustics: linear system?

Acoustics: this discipline studies the “pressure disturbance inside a compressible fluid”. From fluid
dynamics, assuming a compressible fluid, the propagation of the perturbation inside the fluid is
determined with the following 5 conditions:

1) Ideal fluid (without thermal dissipations)

2) Homogeneous fluid

3) Isotropic fluid

4) «Weightless Fluid» (sound propagation not depending on the mass)

5)‘Linearacoustics™ p=p,+p" p=p,+pP"  V.J.Boussinesq, 1842-1929
D’Alembert equation (or “wav equation”), which represents the mathematical basis of all the physical acoustics
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Room acoustics — experlment and equipmen
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The Impulse Response is fundamental.. Not only in acoustics

Every time that you hit an object with an impulse and make a judgment
about the sound of the product, you determine and evaluate an “impulse

response”
* Inthe walls (empty/full)
*  On the fruits (mature or not)

* Onthe parmisan (seasoned or not)

* On the plasters (firm or unsafe)

« Onthe glasses and similar (crystals glass or not)

This allow to listen to the indoor room acoustics, eactly loike whern you can taste wine
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How can we measure the IRs?

Direct methods for measuring the IRs

«Clapping»

Clapping: spontaneous and simplest method ever.

Limits: Low repeatibility
Fair frewuency response at medium values (250 Hz — 2 kHz)
Reverberation times only very approximated
Not sufficient for measuring the IRs
Not suitable for auralisation

et ™ Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European
i FR Union or the European Education and Culiure Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.




Co-funded by Erasmus+

the European Union Enriching lives, opening minds.

Direct methods for measuring the IRs

«Clapping machine»
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Direct methods for measuring the IRs

Balloons

Pistol shots
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Direct methods for measuring the IRs

- i e

Example: Epidauro

Firecrackers: Omnidirectionals (little dimensions if compared with wavelengths)

External noises (not suitable for revernerant rooms or indoor measurements)
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In-direct methods for measuring the IRs

input x(t)

Not-linear.
time variant
system
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distorted signal
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output y(t)

Hypothesis: the acoustic system is characterized only by linear components the
electronic system is also characterized by non-linearity

NB: The non linearities can be measured and emulated
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Indirect methods for measuring the IRs
MLS — Maximum length sequence (1)

N stages X(t) is a binary periodic signal obtainable
- with a specific shift-register, properly
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Indirect methods for measuring the IRs

Exponential Sine Sweep (ESS)

X(7) is a sinusoidal signal, which frequency varies exponentially  x(z) = sin
In tie domain, from frequency f; until frequency f,. m[é}
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Exponential Sine Sweep (ESS)

1(@) IR(@) 0(@)
> .

1) IR(z) o(r)

0(t) = I(7) * h(7) h(t) = 0(1) * 1 I(1)
h(t) = 0(t)*I"* (1) h(t) = 0(t) *I71 (1)
I(T) = ESS (1); I71(1)= INV-ESS (7)

h(t) = 0O(t) * INV-ESS (1)
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The measurements today (2020-2025)
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