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1. Abstract

Noise is a major factor in the acceptance of aircraft.
Novel propulsion systems (e.g. distributed, electric)
can be designed with acoustics in mind (e.g. in terms
of propulsor position on or over the wing) [2]. This re-
quires knowledge of the relationship between techni-
cal parameters and the annoyingness and unpleasant-
ness of the resulting sound, which is usually inferred
from psychoacoustic laboratory studies. In this paper
we present an alternative approach: an openly dis-
tributed mobile app (patent pending) allows a large
and diverse audience to:

1. Set the engine parameters
2. Hear the corresponding auralised sound

3. Rate the sound using a standardised questionnaire.

2. App Components

2.1 Aircraft Builder

« Basic design parameters: propellers vs ducted fans,
number of propulsion units, number of fan blades...

« Operating point parameters: rotational speed, mass
flow

« Parameters are limited, and constrain each other, to
technically possible values
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Figure 1: Left: Homepage with links to different activities. Right: Aircraft
propulsor configurator with 3d model of the aircraft, choice between fan and
propeller, and sliders for various parameters
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2.2 Sound Player

Plays a sound corresponding to the entered configura-
tion, pre-generated by a tool chain under active devel-
opment by * [4,1, 6]

« Given engine parameters, this tool creates physics-
based predictions of the resulting sound

« Further processing creates a sound file that corre-
sponds to what an observer would hear if the aircraft
were to fly on a designated path at a designated dis-
tance, taking into account acoustic effects like atmo-
spheric turbulence or ground reflections [5, 7]

2.3 Sound Rating Scales

Based on previous work on the valence and quality of

aircraft sound [10, 8, 9]. Users rate

1. How unpleasant the sound was

2. How much the sound would have disturbed them if

neard in their daily life

3. How they would describe the sound to another per-

son using a list of adjectives.
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What number between 0 (not at all)
and 10 (extremely) states best how
unpleasant the sound was for you?

Not at all Extremely
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How would you describe this
sound to a third person?

State on a scale from -3 to
+3 which term of the pair
describes the sound best.

Imagine you were sitting in a garden
or your garden and you heard this
sound. What number between O (not
at all) and 10 (extremely) best states
how much you would feel disturbed
or annoyed by this sound?
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Figure 2: Rating scales for the unpleasantness and annoyance of the sound
(left) and its descriptive qualities (right, showing one of 10 items)
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2.4 Additional Engagement Features

Features for increasing the number of participants and
the number of contributions per participant:

* “Workshop”: Colour and name the aircraft

"Expert Mode”: Re-listen to a sound with a more
feature-rich audio player (e.g. select snippets and

loop, show spectrogram)

« “Pilot License”: Awards badges for reaching mile-

stones.

These are separate from the sound ratings so as to not
influence them.

clubs, schools). When analysing the data, we ask

« How do sound ratings in the app compare with rat-
ings from focused listening tests in the lab?

« How varied are the sounds created by the app users?
Are they biased towards a subset of parameters?

« Sound variations -> statistically detectable varia-
tions of ratings of sound valence and quality?

 Highest-rated configurations
* Inter-rater agreement?
« Interaction effects?

« Confounding socioeconomic variables?

Informs design &
configuration

Informs design &
configuration

Provides use data

Figure 3: Idealised process for the design of tolerated, accepted and endorsed
aircraft. The user perceives and engages with app features. This produces use
data, which is processed to inform the design of aircraft. The current design of
the aircraft, in turn, informs the design of the app.

The app will be updated with new configuration op-
tions of interest to aeroacoustic research. The sound
profile is not the only feature of an aircraft that de-
termines its acceptance. Likewise, aircraft are not the
only technology where human perception data would
be helpful in the design process: the app can serve as
a framework for other research questions.
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3. Forthcoming Research

We plan to distribute the app both publicly and to in-

terest groups (e.g. residents near airports, aviation

References

[1] M. Dang. Usability and maintainability of the software tools VIOLIN and CORAL. Bachelor thesis, Baden-Wiirttemberg Cooperative
State University, 2022.

[2] Eric Greenwood, Kenneth S Brentner, Robert F Rau, and Ze Feng Ted Gan. Challenges and opportunities for low noise electric aircraft.
International Journal of Aeroacoustics, 21(5-7):315—381, September 2022. Publisher: SAGE Publications.

[3] Andy Moorhouse. Proposed criteria for the assessment of low frequency noise disturbance. 2011.

[4] A. Moreau. A unified analytical approach for the acoustic conceptual design of fans for modern aero-engines. Dissertation, German
Aerospace Center, Institute of Propulsion Technology, Berlin, Germany, 2017.

[5] Antoine Moreau, Andrej Prescher, Stephen Schade, Maikhanh Dang, Robert Jaron, and Sébastien Guérin. A framework to sim-
ulate and to auralize the sound emitted by aircraft engines. INTER-NOISE and NOISE-CON Congress and Conference Proceedings,
268(1):7160-7171, November 2023.

[6] A. Prescher, A. Moreau, and S. Schade. Model extension of random atmospheric inhomogeneities during sound propagation for
engine noise auralization. Deutsche Luft- und Raumfahrtkongress - DLRK 2023, conference proceedings, 2023.

[7] Stephen Schade, Roberto Merino-Martinez, Patrick Ratei, Susanne Bartels, Robert Jaron, and Antoine Moreau. Initial study on the
impact of speed fluctuations on the psychoacoustic characteristics of a distributed propulsion system with ducted fans. AIAA Aeroa-
coustics conference, Rome, 2024, 06 2024.

[8] Beat Schaffer, Sabine J. Schlittmeier, Reto Pieren, Kurt Heutschi, Mark Brink, Ralf Graf, and Jiirgen Hellbriick. Short-term annoyance
reactions to stationary and time-varying wind turbine and road traffic noise: A laboratory studya). The Journal of the Acoustical
Society of America, 139(5):2949-2963, May 2016.

[9] Martin Schiitte, Uwe Miiller, Catherine Lavandier, and Barbara Griefahn. A New Semantic Differential for Measuring the Perceived
Quality of Aircraft Sounds. Noise & Vibration Worldwide, 41(6):11-19, June 2010. Publisher: SAGE Publications.

[10] Antonio J. Torija and Charlotte Clark. A Psychoacoustic Approach to Building Knowledge about Human Response to Noise of Un-
manned Aerial Vehicles. International Journal of Environmental Research and Public Health, 18(2):682, January 2021.



