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ABSTRACT

In collaboration with Volvo Cars, we presented a novel de-
sign tool to a large public of approximately three million
people at the three leading motor shows in 2017 in Geneva,
Shanghai and New York. The purpose of the tool was to ex-
plore the relevance of interactive audio-visual strategies for
supporting the development of sound environments in fu-
ture silent cars, i.e., a customised sonic identity that would
alter the sonic ambience for the driver and by-passers. This
new tool should be able to efficiently collect non-experts’
sonic preferences for different given contexts. The design
process should allow for a high-level control of complex
synthesised sounds. The audience interacted individually
using a single-touch selection of colour from five palettes
and applying it by pointing to areas in a colour-book paint-
ing showing a road scene. Each palette corresponded to a
sound, and the colour nuance in the palette corresponded
to certain tweaking of the sound. In effect, the user se-
lected and altered each sound, added it to the composition,
and finally would hear a mix of layered sounds based on
the colouring of the scene. The installation involved large
touch screens with high quality headphones. In the study
presented here, we examine differences in sound prefer-
ences between two audiences and a control group, and eval-
uate the feasibility of the tool based on the sound designs
that emerged.

1. INTRODUCTION

There is a growing interest in the field of sound design in
the car industry; not just regarding branding and the tradi-
tional design of sounding objects (doors, motors, etc.) [1]
and modern car-audio systems [2], but also the conception
of outdoor/indoor sonic atmospheres linked to the emer-
gence of silent electric cars [3]. Once the sonic trace of the
combustion motor is removed, how to sonically signal the
presence of the car for neighbouring pedestrians or bikers
and how to conceive the new indoor sonic ambiences of
the vehicle as a main qualitative component of the travel
experience is a matter of regulations [4, 5], safety [6], as
well as aesthetics [7].

Regarding the external sonic presence of the car, it con-
stitutes first a key safety issue, in particular in urban en-
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vironments. This sonic print can equally give support to
different forms of encounter between the traversed envi-
ronments and the vehicles/passengers, including informa-
tional but also masking as well as aesthetic components. A
customised sound identity could operate here as a relevant
mediator between car and place, and its design should thus
take these multiple components into account.

This “additive” approach to everyday sonic environments
(i.e., not only through traditional subtractive acoustic meth-
ods such as insulation, absorption or noise cancelling) is an
expanding field of research that has been explored in the
last years in different research case studies and practice-
based interventions, focusing in particular on public space
in dense urban contexts (e.g. [8–10]). The authors have
equally explored this question of additive sound design
in the context of different mobility modes e.g. in the re-
search project ISHT (Interior Sound Design of High Speed
Trains [11, 12]) in collaboration with the train manufac-
turer Bombardier. The authors have also been involved
with sound design of complex shared working spaces such
as flex- and activity-based offices [13]. In both examples
the main focus was on how to actively improve the expe-
rience of place and situation through subtle additive sonic
interventions.

Volvo Cars are focusing today on electric cars and par-
ticularly interested in the new sonic needs and possibilities
brought by this more silent mobility. The world’s major
motor shows—the Geneva International Motor Show, New
York International Auto Show, and Auto Shanghai—were
regarded as a relevant opportunity for a first exploration of
the users’ requirements, preferences, potential desires and
customisation skills. To that aim, we were asked to design
the interactive environment to be used in these three loca-
tions with a visitor count of almost three million people. A
general frame was provided by Volvo: to find an intuitive
and efficient way for visitors to design, or better to sketch
their own sound atmosphere; manipulating sound can cer-
tainly be regarded as an abstract and complex activity for
common visitors.

As a first step towards this ambitious aim, we wanted to
study here the potential efficiency of an audio-visual inter-
active environment for the collection of users’ preferences
and exploration of designing skills. However, we do not
aspire to propose a finished design tool. As such, the study
presented deals more with socio- or ethno-cultural differ-
ences in listening and interaction than a sound design that
can readily be applied by the industry.

A simple screen-based interactive visual/graphic environ-
ment was chosen to provide support to this fast and indi-
vidual prototyping process. Simplicity and robustness are
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central attributes in successful large-scale installations, and
large touchscreens have been found to engage and capti-
vate people [14]. Despite this simple frame, this parallel
visual/sonic interaction mode represents also in a more ap-
propriate way the multi-sensory nature of a driving experi-
ence; a purely sonic exercise would be in this sense an ex-
cessively reduced model. There are more nuanced discus-
sions about site-specific challenges for installations [15],
recommendations for design such as ease-of-use [16], fun
[17], and for intuitive interaction and matching people’s
expectations [18].

In the last years’ growing body of work on how to engage
with sound and music through technology, most notably in
sonic interaction design [19], sonification [20], and in new
interfaces for musical expression [21], we could not find
any closely related studies on designing sounds through a
typical drawing task nor guidelines for such. Sketching is
however a general, emerging research field within the CHI
community (e.g., [22]). We are also well aware that the
coupling between sound and colour or shapes have been
widely investigated; in for example [23], children were
drawing trajectories to fit a musical stimuli on paper, and
they found support for cross-modal mapping of drawing
and sound. Sonification of colours has also been found
useful for visually impaired and in other applications [24],
to name only one example. Our designed is also loosely in-
spired by a DJ system developed for creating music based
on coloured discs [25]; a camera traced the spinning plat-
ter and controlled a synthesizer with the registered colours
passing a tangent.

Adjacent research in synesthesia deals with cross-coupling
of sensory inputs. For instance, the connection between
brightness in colour and musical timbre has been shown
[26], and it has been found that going from music to visual
stimuli is most common [27]. Both synesthesia and related
questions concerning deviation and cultural differences in
colour perception [28] are somewhat relevant for this study
but intentionally excluded because the method design does
not really allow to take these into account.

A soundscape is according to [29] the auditory counter-
part to a visual landscape. Soundscapes can exist as per-
ceptual constructs, but also as physical phenomena [30].
When perceived in a shared context, the constituents of the
acoustic and the visual interrelate [31].

By essentially using a number of shared composition ma-
terials, we want to explore how different set contexts in-
fluence the choices realised by participants. Is it possi-
ble to trace case-specific preferences? Along this process,
the user could only manipulate sound by interacting with
a colour book interface. All interaction with the system
and the resulting compositions were logged in the form of
text files and recordings collecting the series of actions ex-
ecuted by visitors on the tactile screen.

2. METHOD

The interactive system we built, called Volvo Sound Stu-
dio, was based on an audio-visual environment including
touch screens, high-end headphones, and software built en-
tirely in Pure data and the graphic library GEM (for details

Hardware/
software

Description Link

Windows Surface Studio PixelSense™ 28”
touch display, Windows 10

W

Bowers &
Wilkins

P9 Signature over-ear headphones W

Audio-
Quest

DragonFly Red 32 bit ESS 9016
DAC and headphone amplifier

W

Pure Data
0.47-1

Real-time programming
environment for audio

W

GEM
0.93.3

Graphics environment for
multimedia

W

Table 1. Overview of the technical set-up and system com-
ponents.

see Table 1). While the hardware was decided by or in
collaboration with Volvo and Bower & Wilkins (Volvo’s
partners in the design of their car-audio systems and main
providers of audio components) the programming environ-
ment and the interaction design were the responsibility of
the authors. The system has previously been described in
brief [32], but then without results from the interaction.

2.1 Interface and Interaction Design

During several brainstorming and development sessions to-
gether with representatives from the partner companies, the
concept of having a simplistic colour-book interface was
decided. A strong argument was to create an experience
that did not resemble sound design or mixing tasks, and
something that would appear novel, which is of utmost im-
portance for a large-scale public event like this. Another
key characteristic of this concept was the accessible and
intuitive nature of the interaction to happen, requiring no
previous experience in editing or designing sound, no spe-
cific introduction to the user and very limited time before
reaching a meaningful result. The main focus was thus
placed on the driving contexts explored (graphically pre-
sented on screen and sonically evoked through a sound-
scape background track) and their specific impact on the
sound choices operated by visitors.

The concept of the colour-book, with its deep abstrac-
tion of a represented environment and its simple interac-
tive mode, was intended to allow the user not to focus ex-
clusively on the visual information, but also on the sound
textures under development, i.e., in search of a balance be-
tween both senses involved. A highly demanding visual
experience could more easily become a mono-sensorial ex-
ercise from an attention point of view. In the same sense, a
broader palette of graphic possibilities and realism would
equally require a careful analysis of the correlations pro-
posed between colour and sound; this complex aspect was
avoided as this early study focused on designing potentials
more than final sketching tools.

Participants were invited to “paint” three different land-
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Figure 1. The three scenes presented to the audience in colour-book style: from left the school area, city centre and
countryside road scenes. Colour is chosen in the palettes and then applied to an empty area. Each palette has a sound
assigned, and the sounds from the painted areas are mixed. The speedometer changes a global filter on the mixed sound.

scapes represented by three stylised scenes (see Fig. 1),
namely a school area scene with a school building sur-
rounded by curvy small roads and a low density area, a
city centre scene with a dense urban environment, and a
countryside scene depicting a curvy road in an open semi-
natural landscape. None of the scenes included presence
of other cars, neither traffic or congestion, as we wanted
users’ attention to be only on their “own” car. In Fig. 1,
the car in the school scene can however indeed be inter-
preted to be another sounding car.

The graphic language employed is intentionally simple,
based on the model of the colour-book, as well as the colour-
ing mode in action: each tone is applied at once on en-
tire predefined areas of each drawing, clearly delimited by
black lines on a white canvas. In the version shown to the
public, the user could choose from five colour palettes (gra-
dations of grey, green–blue, green–yellow, red–yellow and
red–magenta) and apply the chosen tone to seven differ-
ent areas in the drawing. The selection of the colour tone
was providing via headphones an immediate sonic feed-
back varying as the user was exploring the different possi-
ble colour nuances; different filters and sound effects fol-
lowed, in sonic terms, the movement of the arrow on the
colour selection area (see Fig. 2).

Each colour palette was linked to a different sound ma-
terial, the same per palette for the three scenes explored
(see Table 2). While selecting the colour, i.e., working
on a colour palette, only the corresponding sound can be
heard, and when finally applied to the main canvas, the
user gets the entire sonic mix or composition, including
a background atmosphere specifically designed for each
individual scene configured by a number of typical sonic
components of the depicted landscape (activities, textures,
soundmarks, etc.). This background atmosphere or sound-
scape aims at providing a coherent and easily understand-
able sound supporting layer for a more flexible and free
exploration of the new materials to insert which essen-
tially present no specific relation to the different contexts.
The exception is three specific contextual sounds present-
ing, a priori, an intentional relation to each context; these
three sounds will be the object of particular attention along
the analysis. At any time, the visitor can interact with a
speedometer, described below.

When no interaction was provided, the screen automati-
cally displayed an information video silently demonstrat-

ing how to use it, 1 and inviting passers-by to test the en-
vironment. For sound samples of both countryside scenes
represented in Fig. 2, including the specific background
soundscape (final compositions, produced by participants),
see Table 3.

2.2 Sound Design and Synthesis

A total of five sounds were designed. Each was five sec-
onds long and could be seamlessly looped at any given
point. The composing of the sound material had to cater
two design specifications. Each sound should easily and
harmoniously have the ability to be intertwined with any
other of the sounds. The sounds also needed to possess the
right balance between being interesting without generating
irritation during prolonged listening. Three of the sounds
would also be contextually linked to the scene through sim-
ilarity to the matching soundscape, one for each scene, and
two would be contextually deviant. The divergent sounds
were composed with the intention to be associated with a
real and a fictional vehicle: one sound was an actual Volvo
engine and the other a paraphrasing of how UFOs often
are depicted in sci-fi movies. This was done to find out if
the participants would connect the contextually connected
sounds to the scene and if an actual car engine were pre-
ferred.

The sounds, except the engine sound, were created with
an energy concentration around 1000 Hz, a frequency range
not too crowded in the exhibition areas. The sounds were
also designed through rhythm and pitch changes, making
them fluctuate in order to be distinguished from other con-
stituents emitting in the same frequency range of the sound-
scape. The intention of the dynamic character of the sounds
was to be more cohesive with the dynamics of the ever-
changing soundscape. The sounds would fit the surround-
ing rhythmic events and at the same time convey move-
ment and grab attention, and avoid being static sounds that
add to the denseness of the urban sonic environment.

The sound design had the aim of letting the user design
its preferred car sound based on the location generating the
driving situation, in this case the sonic and visual stimuli
presented at the scene. E.g., the harmonic sound was de-
signed to be connected to the city center scene, having a
dynamic movement and a melodic nature to be discerned

1 Video: https://kth.box.com/v/smc2019-HLA-video
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