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Abstract — Electric vehicles are now part of the everyday automotive landscape. The resulting sonic
experience is a major challenge for driver comfort. Despite this challenge being known, no solution reaching
general consensus has yet been proposed. This might be due to the lack of a common culture of the sound
or the expected sonic target in electric vehicles, in opposition to what existed for thermal engine. This
work proposes a decisive tool to enhance communication on sound description in the electric car cabin.
Inspired by soundscape studies, the methodology consists in using a semi-structured questionnaire oriented
toward sound description and judgment with 12 acousticians working on electric vehicles. A verbal analysis
identifies 11 specific sound names describing this sonic environment. Definitions that include three levels of
description: causal, reduced and hedonic as well as audio illustrations, are proposed for each sound name.
The lexicon is validated by the same group of acousticians and available online.
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1 Introduction

Historically, the automotive industry has tended to
reduce the level of the different sound sources perceived
inside a car cabin, promoting the quietness of vehicles as
an element of comfort, sometimes associated with luxury
[1]. The effect often sought is a muffled and isolated acous-
tic ambiance, described as a “cocoon” effect. This so-called
cocoon atmosphere [2] echoes what Chelkoff [3] designates
as acoustic comfort in architecture: an improvement of
privacy and a feeling of control. In his habitation study,
Chelkoff [4] also introduced a nuance by not only describ-
ing acoustic comfort, but also sonic comfort: “sonic comfort
concerns the consistency of sound with the uses and coher-
ence with other elements in place”. In the general frame-
work of the present work, a reformulation of this definition
has been adopted that is also inspired by studies on com-
fort [5, 6]: “Sonic comfort is what contributes to a pleasant
sensation in the use of an object in terms of sound feedback
expectations in a harmonious global sound environment”.
In other words, to improve comfort, any sounds, including
intentional sounds exterior to the object of concern, have
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to be considered in terms of their integration into the exist-
ing environment as if they had always been part of it [7].
In the context of the automotive industry, and more specif-
ically electric vehicles, a missing keystone is a tool that
enables effective work both on sound identification and on
its coherence and integration within the scene.

Sonic elements of the car cabin are often labelled by
three main entities: road-tire noise, aeroacoustic noise
and engine noise. Each of these has a distinct and well-
understood behavior for acousticians. The breakthrough
of electric vehicles has radically changed the acoustic
experience in the car cabin with the total disappearance
of one of the main noise sources, constituting a powerful
masking source, that also gave harmonious sound feed-
back with the expectation and uses of a car: the inter-
nal combustion engine. Despite following the trend to
decrease the sound pressure level, this disappearance does
not necessarily result in better sonic comfort as defined
before, and had led to the emergence of unexpected sound
sources, sometimes perceived as annoying [8, 9].

The coherence and integration of sounds are assessed
in accordance with the context. Contextual elements,
such as soundscape validity, are critical [9-11], espe-
cially for identifying the extent to which user expec-
tations are met or pleasantness is achieved. Comfort
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1. Data Gathering

Development. Questionnaire
writting follows a semi-
structured organization. (sec.2.3)
[

Pilote phase. Few automotive ex-
perts gave feedback on a draft ver-
sion of the questionnaire. (sec.2.3)
¥

Interviews. Carried with 12 ex-
perienced acousticians. (sec.2.5)

¥
2. Building the lexicon

List of words. Comparison of
2 analytics methods. (sec.3.3)

¥
Definitions. Formulation with a
working group experienced in sound
design or sound perception. (sec.3.4)
¥
Illustrations. Audio recorded
or synthetised. (sec.3.5)

LS

3. Validation

Feedback. Qualitative and quan-
titative feedback from the ex-
perts earlier interviewed. (sec.4.1)

Figure 1. Diagram presenting the chronological path of the
study.

studies such as Ahmadpour’s work on airplanes [12], high-
light the necessity of unified communication with shared
meaning to address comfort during the design process
by designers and engineers. Such unified communication
facilitates exchanges and discussions around complex and
contextual elements. For sonic comfort, sound design is
a potential solution to improve the coherence and inte-
gration of sounds into their environment. Although this
sound-design approach is not directly explored in this
paper, achieving shared meaning also remains a challenge
in collaborative sound design [11, 13]. This field faces
challenges due to the recognized difficulties in verbally
describing sounds [14], both among people from differ-
ent backgrounds [13] and even within the same field [15].
One solution explored by Carron [16] involves the cre-
ation of a lexicon for sound based on a systematic lit-
erature review related to sound description. This lexi-
con, inspired by the work of Lawless [17], emphasizes
the importance of explicit definitions supported by exam-
ples to ensure shared understanding of attributes. In the
case of the silent vehicle, developing such a lexicon would
enable clear identification of sound sources as well as their
contextual elements, that is to say by providing a tool

designed to describe more naturally the coherence and
integration of sounds in the car cabin.

Building this lexicon requires exploring the words
and terms frequently used to describe this scene and
the habits surrounding their use. The methodology of
soundscape exploration through semi-structured ques-
tionnaires, used in studies on train audio comfort [18, 19]
or environments such as urban life [20] and train stations
[21], appears to be a convenient tool to address these con-
textual descriptions. These environments share with the
car cabin common uses and features such as a diversity
of sound stimuli. This approach, with spontaneous verbal
descriptions, enables research without a predefined corpus
of stimuli or hypothesis. This characteristic is particularly
important for a novelty such as the electric vehicle.

The aim of this work is to build a lexicon for the case
of the car cabin sound environment, as an extension of a
published conference paper [22]. This tool is intended to
support further sound-design efforts on sonic comfort by
enhancing communication about the coherence and inte-
gration of sounds [23-25], but is specific to this environ-
ment. It could serve as a resource for various stakeholders,
including car manufacturers, users, designers, and acous-
tic engineers concerned about the sonic comfort of electric
vehicles. The paper is structured as follows: in the first
part, the methodology used to obtain verbal descriptions
of a given environment is presented. In the second part,
we describe in detail the methodology followed to develop
a reliable lexicon. In the final part, the lexicon and its
validation process are introduced.

2 Data gathering

2.1 General plan

A global overview of the method followed to build
the lexicon in this paper is summarized in Figure 1
with the reference to the different sections addressing the
points. Seven steps are listed from the development of the
questionnaire to the validation. Double headed arrows
between two blocks represent a feedback process. Steps
are grouped under parts numbered 1 to 3 that consti-
tute the main elements of the lexicon building and also
correspond to the sections of this paper.

2.2 Sound description

Speaking about sounds is not a natural task, mainly
because we usually focus on identifying the source or the
action that produced the sound [26]. We would rather
say, “I hear someone striking wood” rather than “I hear
a close, dry, and dull sound with a fast attack” to describe
the same sound event. Other aspects associated with the
sound and the listening experience are used rather than
the sound itself. Schaeffer [27] proposed an initial ter-
minology to describe the properties and the listening
experience of sonic objects — a sound considered in itself
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separated from the object producing it — thereby initi-
ating concrete music. Although very complex for non-
experts to use, this terminology opened the field of sound
communication and description, proposing several crite-
ria of musical perception (durée, facture, masse, timbre
dynamique, timbre harmonique, etc.), each with several
qualitative levels. A simpler approach proposed by Gaver
[26] opposes two listening strategies: musical listening ver-
sus everyday listening. Extending Gaver’s work, Chion
[28] identified three listening strategies: causal, reduced,
and contextual. The diversity of listening strategies is
echoed in Carron’s work [16], which suggests maintain-
ing these different modes to identify description modes. If
we exclude quantitative descriptions, imitation, and ono-
matopoeia, verbal sound descriptions can be subdivided
into three main categories, as listed below.

— Causal: Causal description refers to the origin of the
sound, which Gaver [26] associates with the “everyday
listening” mode. This descriptive modality primarily
refers to the object or action generating the sound
rather than the sound itself. Very similar sounds may
have different causal descriptions if the objects pro-
ducing them are different and are identified. Con-
versely, different objects can produce similar sounds,
and referring to a sound by the object assumed to
cause it, even when this identification is incorrect,
constitutes a causal description.

— Reduced: Reduced description, referring to Schaef-
fer’s sonic objects [27], describes the properties of
the sound in an objective manner, independently of
the object producing it. This descriptive modality is
not intuitive, especially for non-specialists. “Loud” or
“High-pitched” are example of reduced descriptors,
related to an objective property of the sound and
independent of the object causing it.

— Hedonic: This category allows us to identify the
sound characteristics that influence comfort or the
perception of a sound. It includes attributes related
to subjective or contextual judgments associated with
sounds. In a specific context, we may be more inter-
ested in the meaning or judgment associated with a
sound: “I hear someone striking wood. It is an unpleas-
ant sound”, which closely aligns with the contextual
listening mode described by Chion [28].

2.3 Questionnaire

The semi-structured questionnaire used in this study
is presented below, and is separated into two distinct
parts. The first part is aimed at obtaining descriptions of
sounds according to these different levels of descriptions
(Tab. 1), the second is more oriented toward sonic com-
fort and comfort improvement (Tab. 2). The question-
naire was developed to be completed by acousticians with
experience in electric vehicles, who are hereafter referred
to as “experts”.

The first version of the questionnaire was subjected
to a short pilot phase. The aim of this pilot phase was

Table 1. The first part of the questionnaire that con-
verges toward the causal and then reduced sound descrip-
tion of the sounds.

Questions

Q1  According to you, how big a role does hearing play
in your profession?

Q2 Could you list the sounds you have worked on,
during the past year?

Q3  Among the sounds you listed, could you pick three
specific sounds?

Q4  Could you describe the technical origin of these
sounds?

Q5  Could you now describe the sound itself, focusing on
the sounds’ properties rather than referring to the
cause?

Q6  After our discussion, can you think of any additional
words you did not mention?

Table 2. The second part of the questionnaire asks
questions about the components having an impact on
comfort.

Questions

Q7  According to you, what place does sound comfort
have in your profession?

Q8  How would you define it?

Q9 Is there any specific sound in the car cabin you
would qualify as uncomfortable? Comfortable?

Q10 Would we be able to design a sound played by
the audio system of the car that would correct the
uncomfortable property identified?

to assess the clarity of each question with experts having
wider knowledge of the subject. After this pilot phase,
minor modifications detailed in the following were made.

In this first part, Question 1 introduces the topic and
allows the participant to verbalize freely. During the pilot
phase, it was observed that this initial question elicited
a wide variety of topics. Additionally, it helps the par-
ticipant feel comfortable from the very beginning and
builds the “relational dimension” mentioned by Verm-
ersch [21, 29] during interviews. Moreover, it adds tech-
nical or contextual elements that assist the interviewer
in maintaining verbalization or restarting the dialogue if
needed.

After this free verbalization step, questions 2 and 3 are
aimed at narrowing the discussion to only a few sounds in
order to keep the interview on schedule. Questions 4, 5,
and 6 directly address the subject of sound description.
The second part of the questionnaire focuses on contex-
tual elements impacting comfort, as shown in Table 2.
The last question explores a perspective related to the
present work.
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2.4 Participants

A list of potential participants for our semi-structured
interviews, drawn from Renault’s acousticians, was
selected based on their experience with electric vehicles
and automotive acoustics. Each of these participants was
solicited in the same way: an initial email introduced the
overall topic and asked if they would volunteer for this
study. Consequently, 12 participants agreed to take part
in the study. A 20min phone call provided them with
further details on the subject and answered any poten-
tial questions. These calls were also useful for establishing
the previously mentioned relationship, thereby ensuring
an efficient interview process. The 12 participants
(3 females, 9 males) with experience in automotive acous-
tics ranging from 5 to 26 years (an average of 17 years)
all reported regular use of electric vehicles.

2.5 Interviews

The questionnaire was conducted through interviews,
a modality that offers several advantages [21, 30]. First,
since participants often had limited time to dedicate to
the study, this verbal interview format ensured that each
participant spent the same time and was involved in the
same way in the questionnaire task. The primary role
of the interviewer was to ensure that the questionnaire
stayed on schedule.

Second, describing sounds is a difficult task for non-
experts. To maximize analysis efficiency and the rele-
vance of the lexicon, the descriptions provided needed to
be both rich and as spontaneous as possible. The inter-
viewer’s role here was to restart dialogue and help the par-
ticipants verbalize their answers, following the methods
detailed by Vermersch [29]. The sentences or questions
used to prompt further discussion were not explicitly
written in the questionnaire presented in Tables 1 and 2,
but relied on several different techniques. The first tech-
nique consisted of asking for more details, additional
examples, synonyms, or antonyms of descriptors spon-
taneously used, in order to enhance verbalization and
help the participants recall frequently used words. Dur-
ing this exchange, the interviewer could either adopt the
stance of a naive listener [30] or that of a co-expert [13,
31] to conduct the interview effectively. The second tech-
nique used was for the interviewer to present themselves
as a naive listener and systematically ask for clarifica-
tion regarding the technical terms or abbreviations men-
tioned, thereby maintaining consistent verbalization. This
approach encouraged the participants to provide more
detailed answers. The final technique for restarting the
dialogue involved using technical details provided by the
participant to reformulate questions, such as: “You said
hooting occurred at 70 km/h; what would the sound be like
at 90km/h? How would you describe it?”. This requires
a rigorous note-taking methodology during interviews to
ensure that the same vocabulary as the interviewee was
reused, avoiding the introduction of new words.

3 Building the lexicon

This preliminary work provided a uniform and rich
description of the electric vehicle environment, serving
as a necessary foundation for the subsequent analysis.
To enhance this upcoming study, each interview was
recorded with the approval of the participants. This
resulted in 15h of recorded discussions, transcribed into
text using transcription software! which complied with
the General Data Protection Regulation (GDPR). The
automated transcription was manually corrected by the
first author. The objective of this section is to clarify
the process by which the list of words is extracted from
this text, how definitions are formulated, and how sound
illustrations are selected. This method is designed to be
as reproducible as possible for any other environment or
population.

3.1 Lexicon definition

The definition of lexicon proposed here was inspired by
the studies of Civille and Lawless [17, 32] in the context
of sensory analysis: “Lezicons are standardized vocabu-
laries that objectively describe the sensory properties of
consumer products. A lexicon is composed of three ele-
ments: a list of words, definitions, and examples, making
the word and definition as explicit as possible.” The goal
of our lexicon is to facilitate communication between dif-
ferent populations who have distinct fields of expertise
and do not share the same culture or listening habits. The
lexicon provides a foundational vocabulary for sound and
comfort description, as close as possible to the sponta-
neous language and usage of experts in the electric vehicle
environment.

Each entry in the lexicon will include a definition and
examples. The definition process is structured into differ-
ent levels corresponding to the three categories of descrip-
tion mentioned above (causal, reduced, and hedonic).
The process of selecting examples consists of identifying
relevant audio illustrations.

3.2 Categorization

The lexicon was created from a list of words that
first have to be identified. This list of words was built
from a subcategory of the causal description, as presented
above, called the “Sound Name” category, corresponding
to the perceptual experience as specialists talk about it.
Sound names correspond to what Dubois [33] identified
as a noun or deverbal nominalization used to designate
a specific sound or noise. For instance, in the sentence
“The slamming noise of a door is a very important sound
for customers”, the deverbal nominalization “slamming”
refers to the action creating the sound and is used as a
noun; we categorize it as a sound name. The first step

! https://www.descript.com/.
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Table 3. Table showing the categorization process on an excerpt from a transcribed interview with participant named
P7. Notably, the interviewer’s terms are also included, as his role was to only repeat terms that had already been
mentioned by the interviewee or were present in the questionnaire presented previously.

Sound Name Causal Reduced Hedonic Transcription
Hululement1P7Causal.wav
Brand, size,
pressure [00:39:27] Interviewer: Alright, so I'll go back over the
parameters we mentioned earlier. What if we changed the
brand of the tire, the size, or the pressure?
Tire  cavity | Tire  cavity | Discrete, Identifiable ) )
mode mode peak, [00:39:37] PT: Yeah, so here I have something that might
identifiable help us a bit more in terms of perception. You can have
some tire cavity mode. And a tire cavity mode is a
frequency, not discrete, let’s not exaggerate, but it does
give you a peak around 180-200 Hz, which is very easily
identifiable upon playback.

Table 4. Snippet of the list of stems used as an entry for
our analysis by the statistical and the semantic method,
as well as the plausible form in which those stems might
be found in transcribed interviews.

Stem Plausible forms

Aeroac- Aeroacoustic noise

Background | Background noise

-harm- Harmonic, harmonious, inharmonic...
-pleas- Pleasant, unpleasant, pleasing...

here was to list every term categorized as a sound name
that appeared in the interviews.

When building this list, no distinction was made
between the interviewer’s and the participant’s usage
of terms; the interviewer’s words are retained without
associating any specific tags. This assumes that the
interviewer remained neutral during the interviews. This
choice was motivated by the fact that the interviewer’s
only participation consisted in asking questions or helping
the participant verbalize responses by reusing the partici-
pant’s words. The second reason for this choice related to
the semantic analysis method presented in Section 3.3.2.
This method relies on correlations between sentences and
words to compute a semantic distance and estimate word
importance within the overall text. Removing the inter-
viewer’s sentences would result in discontinuous semantic
distances and potentially inconsistent results. Although
the software, Leximancer? has an option to learn from
the interviewer’s sentences and remove them from the
results, which solves this issue, we compared two differ-
ent methodologies and could not apply the exact same
operation to both. Therefore, this software solution was
not adopted. Instead, we ensured that both methods ran
with the exact same input by retaining the interviewer’s
words.

2 https://www.leximancer.com/.

3.3 Candidates for the lexicon list of words

Descriptors spontaneously mentioned by participants
were then classified into different categories. This classifi-
cation was carried out manually by the main author and
may be subject to bias or the misinterpretation of certain
descriptors. For instance, some terms were categorized as
sound names but could also belong to another category
of description. The most notable example is “harmonic”,
the use of “harmonic” might refer to a sound name: “the
harmonic of the electric engine emerges from the back-
ground noise”, or corresponds to a reduced description:
“the sound created by the engine is harmonic”.

In such cases, descriptors were classified into both cat-
egories, at the risk of creating false positives. Table 3
illustrates this process with a short excerpt from an inter-
view where some descriptors appear in two categories,
such as “identifiable”, because the exact meaning of that
descriptor remains uncertain. It also shows that “pres-
sure” is identified as a causal element in this context, but
in other contexts, it could be categorized as a hedonic
descriptor to describe the subjective perception of very
low-frequency sounds on the ear.

From the aggregated sound name list built, possess-
ing dozens of different terms, we explore two automated
methodologies to rank and identify the most meaningful
assets: a statistical and semantic one.

3.3.1 Statistical method

In his work, Carron [16] compiled the list of words
for his lexicon by selecting the most frequently used
attributes in the scientific literature, then asking experts
to choose the most relevant terms to reduce the num-
ber of terms in the list. In the study presented in this
paper, experts were first consulted through interviews,
and a frequency analysis was conducted after to reduce
the list of words spontaneously used by experts. This fre-
quency analysis is referred to as the statistical method in
the following sections.
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To increase the robustness of the statistical method,
an automatic text-processing technique was applied
upstream to each attribute: stemming, which consists in
reducing words to their stems. This process is intended
to group under the same sound name attributes used
in different forms. For example, for descriptors sharing

the same stem, such as “harmonic”, “harmonious”, “har-
monics”, “inharmonic”, and “disharmonic”, affixes are
removed to retain only the stem “-harmoni-". The can-

didate list of words obtained through the categorization
process is then reduced to the stems of these descriptors,
as illustrated in Table 4.

Figure 2 presents the most frequently used descrip-
tors identified by the statistical method, which account
for 91% of the words categorized as sound names in the
entire set of interviews. The abscissa displays the descrip-
tors in their most relevant form to enhance readability,
often as adjectives, although occurrences are counted in
other forms of the descriptors based on the stem, includ-
ing sometimes their semantic opposites, such as “inhar-
monic”. The values obtained are expressed as the per-
centage of occurrences relative to the total occurrences in
the list.

It is noteworthy that the descriptor “harmonic” has
a higher value caused by the variety of meanings this
word has. This specificity highlights an inherent bias of
the statistical method: the specific context of a sentence,
polysemy, homonyms, or synonyms cannot be processed
conveniently. The text-processing method used could also
lead to false positives due to its aggregation of attributes
by stemming. Therefore, a comparison with a text analy-
sis software that claims resilience to word occurrence [34],
Leximancer, is also presented in Figure 2. This second
method will be referred to as the semantic method.

3.3.2 Semantic method

Leximancer [34] is a software that relies on “concept”
identification. A concept is a group of words linked around
a “seed” word. Each word in this group is weighted
depending on the correlation and distance to the seed.
Concept occurrence is evaluated in the global text based
on the correlation and distance between these weighted
words. This dependency on distance and correlation with
potentially unsuspected words in each weighted group
justifies the choice of keeping interviewer’s sentences
and questions in the analysis. This analysis inherently
depends on the parametrization of the algorithms used.
For the sake of reproducibility, the standard parametriza-
tion is maintained.

Concept detection is, however, supervised by provid-
ing a list of name-like concepts—pre-determined concepts
that guide the software in its detection. This list is the
same as the one used in the frequency analysis presented
above. In addition, to enable a meaningful comparison
between both methods (semantic and statistical), results
are presented on the same plot, Figure 2, with their
occurrence frequency in the list provided.
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Figure 2. Sound Name occurrence comparison between
semantic and statistical methods. Correlation coefficient
between both methods of 72 = 0.71. Ranking according to
the semantic occurrence, the graph represents 91% of occur-
rence with the statistical method, and 94% with the semantic
one.

The list of descriptors related to the hedonic and
reduced description categories is illustrated in Figure 3.
The lexicon built is based on the list of terms obtained
from the sound name descriptors. This list offers an
overview of the descriptors used in the interviews and may
serve as a basis for defining formulations later, including
contextual and reduced elements.

Figure 2 shows a good correlation between both meth-
ods and highlights a key difference in the importance of
“Harmonic” in the term ranking. This may be explained
by the different usages highlighted in Section 3.3.3, all
of which are indiscriminately aggregated under the root
form “-harmoni-” by the statistical method, whereas the
semantic method could weight an occurrence of the “har-
monic” term depending on the correlation and distance
between other concepts identified in the text. Despite this
difference, a list of 13 candidates can be selected for our
lexicon. The ranking of these sound names, offered by
both methods, allows us to select which terms to add or
remove depending on the desired length of our lexicon.

3.3.3 Specificity of the “Harmonic” descriptor

The noticeable difference between the two methods
regarding the occurrence of the term “Harmonic”, vis-
ible in Figure 2 illustrates the specificity of this term.
This descriptor plays a very specific and important role
in describing the sounds of electric vehicles.

First, it can be used as a common noun to describe
an emerging or tonal component of a sound. This noun
is particularly used to refer to a component of the sound
produced by an electric motor, for example. Terms like
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Figure 3. Reduced and hedonic descriptor occurrence compar-
ison. Correlation coefficient between both methods of 2 =
0.54 for reduced descriptors and of 2> = 0.77 for hedonic
descriptors. 67% of reduced occurrences detected, (59% for
hedonic) by the statistical method, and 85% (95% for hedonic)
with the semantic one are presented.

“Harmonic line” or “Harmonic of order N” are also used.
The term “Harmonic line” will be retained in the con-
struction of the lexicon. In this case, the descriptor is
mainly used for discussions between experts and is often
accompanied by technical or numerical specifications.
Second, “Harmonic” can also be used as an adjective.
In this case, it refers to a sound whose pitch is propor-
tional to the rotational frequency of the motor produc-
ing the sound. The term harmonic here is therefore an
extension of the classical definition of a harmonic sound
in acoustics, as found in the Larousse dictionary, namely:

“A sound that can be emitted by a sound source and
whose frequency is an integer multiple of that correspond-
ing to the fundamental vibration mode. It is also called
a harmonic sound”. The adjective can be used outside
of a technical context, as it is rarely followed by tech-
nical or numerical specifications, unlike the noun men-
tioned earlier. In the construction of the lexicon, the term
“harmonic-motor” will be used as an adjective to avoid
confusion.

Third, the use of the adjective “Harmonic” to describe
the harmony of a sound in the musical sense is very rarely
observed in the interview corpus and will therefore not be
considered in the remainder of our study. An example of a
discussion from the interviews perfectly illustrates a case
where the noun and the adjective are used alternately
with different roles.

Interviewer:?

“Okay, 1s there different whistling depending on car’s

or engine’s type 27

P3:*

“So, we’re not necessarily dealing with the same types
of harmonics. Because harmonics... it’s a sound that
will be harmonic to the engine. So, we’re looking at
a frequency that is proportional to the engine’s rota-
tional speed. The harmonic in question will depend on
the machine’s topology, the number of poles, the num-
ber of slots, etc. So, sometimes we’ll have... Typically,
at Renault, we have machines where the harmonics are
often orders 24 and 48. Different design choices might
highlight other harmonics, for example, a harmonic at
30 and another at 60. Ultimately, this doesn’t change
much... in any case, the frequency will be proportional
to the engine’s rotational speed and thus to the wheels,
with some emulation adjustments”.

3.4 Definitions

The same ranking process with both methodolo-
gies has been performed for the other categories of
descriptions presented Section 2.2: reduced and hedonic
description. A good correlation (r? = 0.71) among the
sound names with both methods is observed for hedo-
nic attributes (r? = 0.77) but less for reduced attributes

3 “D’accord, il y a des sifflements différents en fonction de

différents modeles de voiture ou des moteurs?”

4 “Alors on nlest pas forcément sur les mémes types
d’harmoniques. Parce que les harmoniques... c’est un son qui
va étre harmonique au moteur. Donc on est sur une fréquence
qui est proportionnelle d la vitesse de rotation du moteur.
L’harmonique en question elle va dépendre de la topologie de
la machine, du nombre de poéles, du nombre d’encoches etc.
donc parfois on va avoir des... Typiquement nous chez Renault
on a des machines dont les harmoniques c’est souvent l’ordre
24 et 48 qui ressortent. On peut avoir des choix différents qui
vont faire ressortir d’autres harmonique, par exemple une har-
monique 30 et puis une autre harmonique 60. Finalement c¢a
ne va pas changer beaucoup... dans tous les cas la fréquence
va étre proportionnelle a la vitesse de rotation du moteur et
donc des roues avec un jeu d’émules...”
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Table 5. Equivalence between general and more precise
terms used.

General terms | Precise terms

Background Load + Rolling

Aeroacoustic Load + Leak + Aeroacoustic
Whistling

Whistling Aeroacoustic  Whistling + Electric
Whistling

(r? = 0.54). Therefore, the definition formulation, which
is supposed to use those two categories, cannot follow an
automated approach and guarantee meaningful results.
Instead, a working group composed of three of the co-
authors, all with backgrounds or experience in sound
design or sound perception, worked on the definition for-
mulation. This group is not from the automotive field to
ensure the cross-field nature of this lexicon.

3.4.1 Final list of terms

One of the first tasks of this working group is to decide
the granularity of the lexicon. This question emerged from
the observation that some words identified in Figure 2
could be merged or separated into other sound names
based on the proximity they have with the contextual,
causal, or reduced aspects. This granularity is explained
by the fact that, depending on their field of exper-
tise, some participants could either use general terms
to describe sound or more precise terms if the topic is
within their area of expertise. Table 5 illustrates this
merging/separating mechanism observed for the identi-
fied sound names. Background noise, often mentioned
during the interviews, is composed of two distinct sounds:
Rolling and Load; therefore, Background does not appear
in the lexicon. Similarly, Aeroacoustic noises consist of
three distinct sounds: Load, Leak, and Whistling. The
latter has been replaced by Aeroacoustic Whistling to
avoid confusion with Electric Whistling. The choice we
make regarding this granularity will impact the lexicon’s
length and, consequently, its scope.

Thus, after discussion with the working group,
the final lexicon consists of the following 11 terms:
Rolling, Whining, Aeroacoustic Whistling, Elec-
tric Whistling, Humming, Ventilation, Load,
Hooting, Leakage, Switching, Drumming.

3.4.2 Definition formulation

The second step involves definition formulation
around these sound names. For each entry of the lexicon,
the following tasks are performed:

— Interview listening: The interviews conducted were
all recorded. To ease the definition formulation of the
sound names, recordings of the experts describing the
sound were at the disposal of the working group as
well as audio recording of sounds provided by the
experts.

Table 6. Occurrence of the reduced descriptors obtained
in each definition listed on the z-axis associated with
sound names listed on the y-axis, for the first version of
the lexicon, submitted to the experts for validation.

‘5& & ~c‘§ <$§ §0 \~$§

e [ )/ E /S

/)5S )8 )%
Rolling 1210202 1|1[0]0]O0
Whining oOf1f2, 00|00 1|1]2
Whistling | 0 | 1 oOf2(0|L|1][O]O
Humming | 2 | 0 | O 0]0]0]1]0]O0
Ventilation | 2 | 1 | 1 | O | 1 1 {0]0| 1|0
Loading 1y1]0|0f2 |1 |1,0|L]|O
Hooting 2,01 | L JO0Of[1]|]O|O]1}2
Leakage |2 1 27 o |8 2 0jofo
Switching | 1 f24{ 1|0 [0 ] 0|0|0]|0]|O
Drumming | 1 | OO | 1T | O] O [O0O[O0O]O0O]O

— Personal formulation: After listening, each mem-
ber of the working group suggests their own defini-
tion of the sound. Each definition is written following
the same structure: first a reduced description, sec-
ond a hedonic description, then a causal description.
In addition, it is advisable to use as many of the terms
spontaneously as possible during the interviews.

— Mutual formulation: The final definition is
obtained from discussions between the 3 members of
the working group to unanimously converge toward
the most complete and synthetic definition.

Table 6 gives the occurrence of the main reduced
attributes in the final definition list. This highlights the
importance of the perception such as “Level”, “High Fre-
quency” or “Emergence”. Interestingly, attributes such
as “Fluctuation” or “Directive”, despite being less fre-
quent seem decisive to describe the difference between
two sounds such as “Ventilation” and “Loading”, which
would be very similar otherwise. The importance of the
manual formulation depends on the ability to properly
identify such decisive attributes in the interviews. Table 6
enables quickly identifying the acoustic property likely to
be responsible for the judgment or identification of a given
sound.

3.5 Audio illustration

To complete the lexicon, an audio illustration of the
sounds presented is necessary. Four different categories
of audio are proposed: contextual, decontextualized, syn-
thesized, and similar. These audio samples were selected
by the authors based on synthesized and recorded sounds
provided by the experts, and amateur recordings.

The first audio illustration, called contextual, used raw
recordings. These sounds have been recorded in real driv-
ing situations, thus possessing surrounding noises due to
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the driving conditions or context. Another challenge is
that some of these sounds appear only in specific vehicles,
driving conditions, or weather conditions that cannot all
be reproduced together. All the audio illustrations avail-
able in the lexicon in this category were not made under
the same conditions and thus cannot be presented with
real levels or perfectly similar contexts.

The second audio illustration, called decontextual-
ized, is aimed at complementing the first category by
removing as much as possible the background noise from
the contextualized illustrations. Indeed, emerging sounds
such as “Hooting” or “Whistling” need careful listening
in the contextual case to be identified amidst ambient
noises. Therefore, a decontextualized excerpt that isolates
the sound from the background noises is proposed. This
makes the sound more artificial, but also more identifi-
able. This has been achieved either through numerical
means, such as careful filtering or denoising, or through
experimental means, such as physically isolating a source
with infrastructures like wind tunnels or engine benches.

The third audio illustration we propose, called synthe-
sized, is a synthesis of the sound, offering a caricature of
one or more critical aspects of the sound. This synthe-
sis was obtained using the Max environment®. Granular
synthesis is ideal for broadband noise with erratic compo-
nents, sometimes called granular sounds, such as “Load”,
“Rolling”, or “Leak”. A granular synthesizer developed
by Poovey® was used for this synthesis. Additive syn-
thesis was also implemented for more tonal sounds that
often have precise frequencies based on simulation mod-
els provided by experts, such as “Hooting”, “Whistling”,
or “Whining”. The goal is to create a standalone synthe-
sizer, exaggerating sounds in a simple way with only a
few carefully chosen parameters.

The fourth illustration, called pictorial, is an audio
sample related to the sound name. It is not related to the
automotive world but possesses common characteristics
or behaviors associated with the sound described.

4 Results and validation

4.1 Feedback on a first version

Once we obtained the list of words, definitions, and
illustrations, we again solicited the experts who partici-
pated in the interview for their feedback on the lexicon.
For each sound name entry in the lexicon, a 5-point Likert
scale, ranging from —2 (Totally disagree) to +2 (Totally
agree), was proposed to scale their agreement with these
different affirmations:

(1) The sound name is relevant to describe one element
of the electric vehicle soundscape.

(2) The definition describes the reduced, hedonic and
causal aspect of the sound well (3 different affirma-
tions).

https://cycling74.com/products/max.
https://github.com/composingcap/grainflow.

Table 7. Average score among the experts that evaluated
the first version on a 5-point Likert Scale from —2 (Totally
disagree) to +2 (Totally agree).

Rolling 20 | L d .
Whining 20 | 07 | 1.0 | 02 | 1.0
Whistling | 1.6 | 1.4 | 1.8 | 1.0 | 0.0
Humming | 04 | 1.2 | 1.8 | 0.8 | 0.6
Ventilation | 2.0 | 2.0 | 2.0 | 2.0 | 1.0
Loading 20 | 1.0 | 20| 1.5 | 1.2
Hooting 00 | 20 | 20 | 1.0 | 1.6
Leakage 1.0 | 20 | 20 | 2.0 | 0.8
Switching | 1.7 | 2.0 | 2.0 | 2.0 | 0.0
Drumming | 1.6 | 1.6 | 1.8 | 1.4 | 0.6

(3) The audio illustrates the sound and its properties well
(a Likert scale for each audio illustration).

A free verbalization comment field was also available
at the end of the evaluation. Among the 12 participants
in the interviews, 9 provided feedback. Once the valida-
tion test was completed, a 20 min phone call was sched-
uled to discuss more extensively suggestions to improve
the lexicon. For time-saving purposes, they were asked to
evaluate at least three sounds from the lexicon, but not
all of them. The average ratings from the participants are
reported in Table 7. To improve readability, all ratings for
the different audio excerpts for each sound are averaged
and merged as “audio”, instead of detailing the ratings
for each illustration.

4.2 Improvement of the lexicon

The main remarks reported during this validation pro-
cess concern the necessity to add a new sound name to the
lexicon corresponding to “Electric Whistling” in order to
avoid possible confusion with “Whistling (Aeroacoustic)”
and to complete the definition of “Whining” and “Switch-
ing”. Indeed, the experts initially reported in interviews
three sounds having electric engine causes: Whining due
to the gearbox, Electric whistling due to magnetic forces
and Switching caused by current modulation. In the first
version of the lexicon electric whistling and whining were
merged under the “whining” sound name, despite having
different causes, due to their perceptive proximity: both
being high pitched, tonal and motor-harmonic sounds.
This choice did not match expert knowledge, and resulted
in the low evaluation of the definitions of “Whistling”
and “Whining” obtained in Table 7. We thus decided to
add the sound name “Electric Whistling” to the initial
10 sound names identified, with definitions of those terms
making explicit the difference between the two kinds of
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whistling. Some of the interviewed experts that also gave
negative feedback on the first version of the lexicon pro-
vided supplementary audio illustrations for each of the
three sounds caused by electric engine to enhance the
lexicon.

A second remark concerned the inherent difficulty of
illustrating sounds with a low-frequency content. A poor
audio restitution device would cut off the low frequencies,
and even a good audio device would miss the haptic and
vibratory perception expected in a car cabin, very often
associated spontaneously with the sounds. This explains
the poor evaluation of audio extracts like “Drumming”
or “Humming”.

4.3 Final version of the lexicon

This lexicon is designed to elicit a list of terms used by
experts to describe sounds in the automotive domain. The
aim is to improve communication, verbalization about
sounds and establish a shared vocabulary [23] between
different groups of people interested in this specific envi-
ronment. The complete version is freely accessible online”
in both French and English. The list of sound names
identified, as well as complete definitions detailing their
attributes, and audio illustration, are provided for each
entry of the lexicon. These illustrations are specifically
aimed at helping users without a technical background
to grasp these attributes. The complete lexicon and the
translation of terms is presented in Appendix A.

The three modalities of description are visible defi-
nitions, the first sentence usually refers to the reduce
aspect. Then hedonic attributes such as “identifiable”,
“exhausting” are provided. The last sentence refers to the
causal description, giving a short but precise explanation
of the technical origin of this sound.

The entire lexicon is reported here: the list of
terms as well as the definitions formulated fol-
lowing the working group and the feedback from
experts during the wvalidation process. The lexicon
is freely accessible online at the following address:
https://speak.ircam.fr/lexique/ev-descriptor/.
A translation of the lexicon into English is also available
on the website. The procedure proposed for translating
the terms is detailed in Appendix A.

4.3.1 Rolling (roulement)

Rolling is a broad band noise of rather low frequency
with a preferred frequency band depending on the road
surface, mainly low for a rough road surface, high for
a wet road or equilibrate between low and high for a
smooth road. It is broad band but less directive than
“Load” and “Ventilation”. Good rolling possesses a low
level, is steady, gliding and is recalls a treadmill. It is
unsteady when fluctuations or emergences such as “hoot-
ing” occurs, if it is too low and erratic it gets closer to

" https://speak.ircam.fr/en/lexique/wordséev.
speak- (eng)/.

“drumming”. Rolling is a natural noise inherent to the
vehicle, informing the driver about vehicle speed. The
vehicle speed as well as the vehicle type mainly affect
level. This noise is due to the tire/road contact, exciting
among others things the wheel rim mode and panels.

4.3.2 Whining (sirénement)

Whining is an emergent sound, MF, motor-harmonic
and slightly modulating. Its motor-harmonic behavior,
similar to “electric whistling” inform on engine func-
tioning and makes the sound natural. Its modulating
aspect might turn dissonant, making it unpleasant or
acid. Its emergent aspect may be discontinuous in acceler-
ation phases or continuous when engine rpm (rotation per
minute) is steady; giving the floor to “electric whistling”,
becoming uncomfortable and bothersome. Whining is
produced by meshing gears, especially regarding electric
engine output.

4.3.3 Aeroacoustic whistling (sifflement aéroacoustique)

Aeroacoustic whistling corresponds to an HF sound,
emergent, very directive, and steady. It is easily related
to its source due to its directivity and emergence; one
can say it is signed. Its frequency signature as well as its
pitch vary depending on speed. It is less fluctuating and
is emergent as a “leak”. It is a very unpleasant if not
unacceptable sound. Aeroacoustic whistling is caused by
an airflow exciting an airstrip between two pieces such as
roof racks or an asperity in a ventilation duct, creating a
sound similar to a flute or a whistling kettle.

4.3.4 Electric whistling (sifflement électrique)

Electric Whistling corresponds to a high or very
high frequency sound, emergent and directive. It is very
commonly absorbed within the “whining” sound due
to its motor-harmonic and emergent behavior, despite
being higher and having a slightly different behavior. Its
high frequency and directive aspect recall “aeroacoustic
whistling”, even though electric whistling is judged more
acceptable and more coherent with the electric vehicle,
but it is still considered annoying and bothersome. Elec-
tric whistling is mainly due to electric machine func-
tioning and vibrations induced by its electromagnetic
fields.

4.3.5 Humming (bourdonnement)

Humming is a very low frequency sound (~40Hz),
making its restitution difficult with a conventional audio
system. It has a high level, a motor-harmonic behavior
and might be discontinuous during acceleration phases.
It is oppressive and creates a feeling of pressure on the
eardrums, similar to an underwater sensation; it leads to
much fatigue. Humming recalls combustion engines and
highlights defaults. This is a solid borne noise emitted by
one or several panels in the cabin. Humming is similar to
the wing flapping of a bumblebee or to “drumming” in
its sonority, but less erratic.
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4.3.6 Ventilation (ventilation)

Ventilation noise corresponds to a broad band noise,
rather directive and medium-frequency, to which some
emergent elements could be added such as “whining”
or “whistling”. Its aggressive aspect is caused by an
excessive level in high-frequency bands, caused by the
speed rotation of the blower, or overall level. Good Ven-
tilation contributes to a cocoon effect, but an excessive
level or aggressiveness can spoil it and make the sound
unpleasant. Ventilation noises are produced by the airflow
going through the aeration system (blower, duct, vents,
etc.) and vary due to user settings (speed, orientation,
temperature, etc.).

4.3.7 Load (chargement)

Load corresponds to a broadband noise, slightly level,
fluctuating, medium or high-frequency, and can be direc-
tive. A very turbulent flow would result in a flap-flap
effect, also called load gust. A very directive flow is simi-
lar to a “leak”. Load is a common sound, it can be likened
to background noise, its level increases with vehicle speed,
making it uncomfortable and it can worsen intelligibility.
Prevalent above 80 km/h, it is produced by the turbulent
aspect of the air flow that excites certain car equipment
such as rear-view mirrors, pillars and windshields.

4.3.8 Hooting (hululement)

Hooting is a sound corresponding to two near lines,
with a fast amplitude modulation rate (/10 Hz) very sim-
ilar to beating and varying with vehicle speed. Its fre-
quency may change from one kind of hooting to another,
going from low-frequency to mid-frequency. Its emergence
in comparison with a broadband noise like Rolling makes
it identifiable. This sound is constant in frequency, ampli-
tude and modulation velocity, which makes it exhausting.
Hooting is produced by the cavity mode of a tire.

4.3.9 Leak (fuite)

Leak is a very fluctuating and very directive sound,
rather high-frequency and high in level. It emerges from
a background noise and is characterized by narrow band
instead of broad band noise. It is in particular more direc-
tive, more high-frequency and more identifiable but less
fluctuating than “load”. It is more fluctuating and as
emergent as “aeroacoustic whistling”. Its directivity and
its level, which depend on vehicle speed, are annoying
if not unacceptable of Leak. It spoils the cocoon effect,
the reassuring and insulating aspect of the cabin. Leak is
a sound of aerodynamic origin, caused by a failure inof
airtightness.

4.3.10 Switching (hachage)

The switching noise is a high-frequency noise (5
15kHz), that is sometimes inaudible, low in level and
emerging. It has a motor-harmonic or inverse harmonic-
motor behavior; its pitch can increase or decrease when

the engine rpm increases. It may be bothersome, shrill
or very annoying depending on the engine setting or the
auditive sensitivity of the person. It is similar to high-
voltage line sound or tonal tinnitus. Switching is a sound
of electromagnetic origin due to pulse width modulation
devices.

4.3.11 Drumming (tambourinement)

Drumming is an ill-defined sound, very low-frequency,
high in level and erratic. One may say it keeps a beat,
similar to a drum or timpani. Drumming corresponds to
a “rolling” sound where the dull aspect has been pushed
to an extreme with an erratic impacting component. It
causes physiological disturbance that is extremely uncom-
fortable with a pressure sensation in the ears recalling
“humming”. Drumming occurs at low speed on an iden-
tified range of speeds between 10 and 50 km/h on a type
of road surface with specific solicitation (e.g., bad surface
or pavement roads).

5 Discussion
5.1 A posteriori validation

Once the first version of the lexicon was built, we stud-
ied the relevance of the semantic and statistical analy-
sis carried out in Section 3.3. A comparison is shown
in Figure 4 between three entries: the occurrence value
obtained by the statistical method and the semantic
method presented above, compared with the statistic
occurrence in definitions newly built by the working
group.

These results illustrate the considerable importance,
unanimously identified by the three methods, of the
descriptor “level” to describe sounds in the car cabin,
in addition to the expected terms related to frequency
band such as “HF”, “LF”, and “MF”. This reveals the
first-order importance of these dimensions even in ver-
bal descriptions of sounds. This figure and the results
also give us the limitations of both automated meth-
ods. This is especially highlighted by the poor perfor-
mance for descriptors such as “fluctuation” or “directive”,
which were nonetheless identified as being of great impor-
tance by the working group. The importance of these
descriptors is illustrated by their ability to differentiate
sounds of the lexicon that are similar regarding other
aspects, such as “ventilation” and “load”. This differ-
ence between results obtained from interviews and those
from the working group formulation can be explained
by the habits of acousticians when working on sound.
In this context, level is a first-order concern, and fre-
quency analysis is very commonly used for identifying
the characteristics of a sound, which encourages band-
width descriptors such as “MF”, “HF”  and “LF”. Con-
sequently, during the interview process, attributes related
to these aspects were those mentioned first and often the
most frequently, before giving more precise attributes to
enhance the description.
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Figure 4. Reduced and hedonic descriptors occurrence com-
parison in formulated definitions. The descriptor occurrence
frequency, computed for the last versions of the definitions
is compared to the frequency of descriptors obtained during
the interviews. Descriptors are ranked by occurrences in the
definitions.

5.2 Standardized lexicon

Building lexicons is a common practice in the sensory
analysis field. Civille and Lawless proposed a methodol-
ogy [17], standardized in ISO 8586:2023. Despite having
similarities with the work presented here, the usage of
such a lexicon detailed in the ISO standard is very differ-
ent, it mainly aims at improving expert-to-expert com-
munication to embrace the finest details of a product. On
the other hand, soundscape exploration offers methodolo-
gies to explore soundscapes through spontaneous descrip-
tions of a place by users. A methodology inspired by both

approaches is proposed in this work to build a lexicon that
improves expert-to-naive communication.

The definition process is carried out here with a small
working group to ensure coherence between definitions.
A comparison with a similar working group with differ-
ent backgrounds could highlight which aspects are the
most widely shared. Similarly, a group of participants
interviewed with a different background would bring
meaningful comparisons to this lexicon.

5.3 Signals-to-words approach

This lexicon is based on a “words-to-sound” approach,
as presented by Carron [16], in which a set of descrip-
tions is reviewed to extract relevant terms and associ-
ated sounds. This approach contrasts with a “sounds-
to-words” approach, which consists in eliciting verbal
descriptions directly from a corpus of sounds [14]. In the
case of industry-standard sounds, both approaches should
converge on the same terms. For instance, “humming”
spontaneously emerged during the interviews and con-
sequently appears in the lexicon, but it is also a sound
studied extensively in the industry that can be reliably
identified from a sound corpus [35]. This recognition pat-
tern can even be automated through the construction of
numerical models or indicators [36].

Similarly, other industry-standard sounds such as
“whining” or “electric whistling” [37, 38] are well under-
stood and can be predicted through modeling. Thus, this
lexicon could potentially be extended with a “signals-to-
words” approach, classifying an input signal into one of
the lexicon entries, an approach encouraged by the capa-
bilities of machine learning to classify sounds, such as
vehicle recognition [39], or to separate sources in the car
cabin to estimate sound quality [40].

Such an approach would complement the lexicon and
facilitate its use, but it would ultimately lack the keystone
necessary for comfort studies and improvement that our
lexicon provides: the contextual dimension and the sub-
jective judgments associated with these sound sources.
Categorizing each entry of a lexicon in a robust manner
using psychoacoustic indicators would constitute a result
in itself, as studied by Rosi et al. [41]. Moreover, Rosi
et al. also demonstrated that even widely used descriptors
such as “bright”, which possess reliable psychoacoustic
correlates, do not have a shared metaphorical meaning,
depending on the background of the people using it [13].

6 Conclusion and perspective
6.1 Conclusion

This work provides a list of 11 sound names associ-
ated with sonic objects occurring inside the car cabin.
Interestingly, these sound names may refer either to
a technical source or event at the origin (Ventilation,
Switching, Rolling, Leak, Load), to a perceptual charac-
teristic (Drumming, Whining, Hooting, Humming), or to
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a combination of these (Electric Whistling, Aeroacoustic
Whistling), yet they are all derived from experts’ sponta-
neous descriptions. These descriptions are based on their
experience of the vehicle and the sources they commonly
identify. For each of these sounds, a definition describ-
ing its acoustic and contextual properties is provided
and completed with audio illustration. The resulting 11-
term lexicon, as formalized above, offers a complete and
accessible description and illustration of these sound envi-
ronments. The lexicon is then validated by the same
experts through a process allowing for the necessary
corrections.

Finally, the translation process, from French to
English, detailed in appendix, confirms the identifica-
tion of the 11 sound names by their use in the liter-
ature, sometimes with different wordings of the same
concept.

6.2 Perspectives

Beyond the framework of facilitating communication
presented above, this lexicon can also be the first mile-
stone for developing a “culture of sound” in the electric
vehicle by building a common ground for the description
of sound, by changing the listening experience of users
now aware of these sounds, and by training engineers’
ears. Such a culture would become the ideal playground
for meaningful and engaging sound design by giving a
description of accepted sounds and unaccepted sounds
that naturally exist in this sound environment. In future
studies in this field, this lexicon may be used as a frame-
work to evaluate the impact of a designed sound on the
driver’s perception and sonic comfort improvement, by
offering a tool enhancing communication around sounds
and their contexts.
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Appendix A

The development of the lexicon was conducted in French;
consequently, the terms and definitions were originally for-
mulated in French as well. The publication of the lexicon,
together with the process underlying its creation, raises the
question of its translation into English. The identified terms
often go beyond standard technical nomenclature and instead
reflect the spontaneous habits of a population, which makes
translation challenging.

To address this issue, a bibliographic study of the scientific
literature in automotive acoustics was conducted to support
the choices behind each term’s translation. The objective was
to identify research articles explicitly addressing the sounds
described in the lexicon. The alignment of these sounds with
the proposed translations was then verified by comparing the
technical descriptions provided in the literature with the tech-
nical explanations and causes formulated by experts during
the interviews.

Rolling (roulement)

Rolling noise has been extensively studied in the literature,
with frequent references using the terms tire/road noise, road
noise [42] or tire-pavement interaction noise (TPIN) [43]. Since
these expressions are highly technical and primarily causal,
they do not perfectly align with the type of sound names orig-
inally used in the French lexicon. However, the term rolling
noise also appears in the literature and is lexically very close
to the French term roulement. It will therefore be retained in
the lexicon.

Whining (sirénement)

This noise is intrinsic to electric vehicles, specifically to
electric motorization, and has been widely identified as one of
the new acoustic challenges of electric vehicles. Several studies
[44-46] refer to it using the term “whining”, while some prefer
“howling” [44, 47]. Less commonly, terms such as “whirring”,
“whistling”, or “harmonic order noise” are also encountered
[48]. Among these, “whining” is the most frequently used and
will therefore be retained as the translation.

Aeroacoustic whistling (sifflement aéroacoustique)

The term “whistling” is used [49, 50] without any risk
of misinterpretation or confusion about the sound it desig-
nates. To distinguish it clearly from the other whistling, “elec-
tric whistling”, already present in the lexicon, the translation
adopted will therefore be “aeroacoustic whistling”.

Electric whistling (sifflement électrique)

The translation of this term is more delicate, primarily
because of its possible confusion with whining, which has
similar causes and acoustic properties. Simply describing a
sound as “high-pitched” and “engine related” is insufficient
to determine whether it corresponds to electrical whistling or
whining. Technical details provided in the literature, refer-
ring to electromagnetic phenomena rather than gear mesh-
ing, help to ensure that the reference indeed concerns elec-
tric whistling and not whining. Some studies explicitly use
the term “whistling” to designate this electromagnetic sound
generated by the motor [51], making a clear distinction
between whistling and whining. By analogy with aeroacous-
tic whistling, the adopted translation will therefore be electric

whistling, also corresponding to the literal translation from
French.

Humming (bourdonnement)

This term is already well established in the context of
internal combustion vehicles, particularly diesel-powered ones.
In our case, it appears in the lexicon of electric vehicles
because it was repeatedly mentioned during interviews and
reflects the listening habits of acousticians. Several references
address this low-frequency sound, often described as “boom-
ing”, “rumbling”, or “humming” [52, 53|, depending on the
causes of the sound. Doleschal et al. [35] provided a precise
definition and detailed description of the acoustic properties
of each of these three terms. Following their distinction, the
term “humming” for “bourdonnement”, is described as fol-
lows: “humming sounds have prominent unmodulated low-
frequency components (with frequencies below about 150 Hz
[...]). The prototypical sound for humming consisted of a
single 50 Hz pure tone”.

Ventilation (ventilation)

This term has a strictly causal origin, as its sound name
directly refers to the physical source producing it. Its trans-
lation is therefore straightforward and obtained by simply
translating the object responsible for the sound.

Load (chargement)

Aeroacoustic sounds are often indistinctly referred to as
“wind noise” or “aeroacoustic noise” [54]. In the construc-
tion of our lexicon, three distinct sounds from the family of
aeroacoustic noises were identified: “aeroacoustic whistling”,
already translated above, “leakage”, and “load”. The generic
translation of “wind noise” or “aeroacoustic noise” is there-
fore unsatisfactory for our purposes. The load sound, result-
ing from aerodynamic pressure on a panel, is however, explic-
itly mentioned by Coney [55] with the same origins, as “load
noise”. This term will therefore be retained in our lexicon
translation.

Hooting (hululement)

This sound has been studied extensively [56, 57] and is
referred to as “tire cavity noise” or “tire cavity resonance”.
As with rolling noise, these terms are highly technical and not
sufficiently intuitive for potential non-specialist users of the
lexicon. For this reason, despite their unanimity in the scien-
tific literature, they are not retained here. Instead, we adopt
the literal translation of the French term “hululement”: “hoot-
ing”. During the interviews, experts originally selected this
word for its resemblance to the hooting of an owl, which they
found analogous to the tire cavity mode sound. It is assumed
that this association will be equally meaningful for English
speakers.

Leak (fuite)

Like load, which is often grouped under aerodynamically
induced sounds without distinction, references to sounds of
similar technical origin as leak often use the general term wind
noise. Pengsea [54], however, explicitly refers to it using the
descriptors noise leakage or acoustic leakage. To ensure pre-
cision and avoid confusion, we retain acoustic leakage in the
lexicon translation.
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Switching (hachage)

This sound is related to electric motorization, and care
must be taken during the translation process to ensure that
the term or subject of study indeed refers to switching noise
and not to electric whistling or whining. In studies addressing
this sound, it is often mentioned through a causal description
such as “power width modulation noise” [58, 59]. Other terms
include “whistling” or “electromagnetic interference” [60] or
“switching noise” [58, 61]. To avoid confusion with electric

whistling or the use of overly technical terms, the translation
retained in the lexicon will be “switching noise”.

Tambourinement (drumming)

This sound is already established in the context of internal
combustion vehicles and was studied due to its strong negative
impact on user comfort. Its translation poses no difficulty, and
is frequently referred to as “drumming noise” [62, 63].
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