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ABSTRACT
We propose a new paradigm for searching for sound by allow-
ing users to graphically sketch their mental representation of
sound as query. By conducting interviews with professional
music producers and creators, we find that existing, text-
based indexing and retrieval methods based on file names
and tags to search for sound material in large collections
(e.g., sample databases) do not reflect their mental concepts,
which are often rooted in the visual domain and hence are
far from their actual needs, work practices, and intuition.
As a consequence, when creating new music on the basis of
existing sounds, the process of finding these sounds is cum-
bersome and breaks their work flow due to being forced to
resort to browsing the collection. Prior work on organizing
sound repositories aiming at bridging this conceptual gap
between sound and vision builds upon psychological findings
(often alluding to synaesthetic phenomena) or makes use of
ad-hoc, technology-driven mappings. These methods fore-
most aim at visualizing the contents of collections or individ-
ual sounds and, again, facilitating browsing therein. For the
purpose of indexing and querying, such methods have not
been applied yet. We argue that the development of a search
system that allows for visual queries to audio collections is
desired by users and should inform and drive future research
in audio retrieval. To explore this notion, we test the idea of
a sketch interface with music producers in a semi-structured
interview process by making use of a non-functional proto-
type. Based on the outcomes of this study, we propose a
conceptual software prototype for visually querying sound
repositories using image manipulation metaphors.

CCS Concepts
•Information systems → Speech / audio search; Mu-
sic retrieval; •Human-centered computing→ Graphical
user interfaces;

Keywords
audio retrieval, retrieval by sketch, cross-domain retrieval,
music production
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1. INTRODUCTION AND CONTEXT
Today’s music production is overwhelmingly based on pre-

recorded or live-generated sound material. The task of com-
position consequently often consists of combining sound loops
and samples with synthesized and processed elements using
a so-called digital audio workstation (DAW), an electronic
device or computer application for recording, editing and
producing audio files [32]. These types of interfaces typi-
cally do not require much prior formal knowledge on music
theory or composition (such as traditional tonal harmony),
in order to be used. In practice, this development has not
only changed the way music is produced on a technical level
and democratized music composition but also led to new
sound aesthetics and the establishment of electronic music
as a dedicated art form and music style (cf. [4, 3]). As
results of these changes in practice and mainstream music
aesthetics, today, the music products industry has become
a major economic force and electronically produced music
can be found in all areas of the creative industries (see, e.g.,
[28] for references).

1.1 The Need for Sound Organization
Working in the context of the EU-funded GiantSteps pro-

ject [27] we engage with musicians and music producers in
order to learn about the processes involved in professional
music creation and to improve tools used by practitioners,
thereby allowing them a strong peer position in the concep-
tualisation and evaluation of new music interfaces. When
asked about their wishes and expectations for future techno-
logical developments [1], most of these expert users mention
very practical requirements for storing and retrieving sound
material and the insuffiency of current solutions for sound
search due to the sheer amount of available content:

“Because we usually have to browse really huge
libraries [...] that most of the time are not really
well organized.” (TOK003)

“If you have like a sample library with 500,000
different chords it can take a while to actually
find one because there are so many possibilities.”
(TOK015)

“Like, two hundred gigabytes of [samples]. I try
to keep some kind of organization.” (TOK006)

“You just click randomly and just scrolling, it
takes for ever!” (TOK009)

“I easily get lost... I always have to scroll back
and forth and it ruins the flow when you’re play-
ing” (PA011)



Figure 1: Screenshots of the Avid Pro Tools 9 [53]
(top) and the Ableton Live 8 [52] (bottom) DAWs.

Even from this small selection of statements it becomes clear
that organization of audio libraries,“semantic”indexing, and
efficient retrieval plays a central role in the practice of music
creators and producers. However, with the search tools pro-
vided by existing DAWs, this aspect is apparently addressed
insuffiently.

1.2 Sound Retrieval in DAWs
The user interfaces of different DAWs are typically very

similar. Despite the importance of effective retrieval for
users, the access to sample libraries and other audio ma-
terial is literally marginalized in most DAWs. For composi-
tion, the most part of the screen is devoted to the arrange-
ment of different tracks which either consist of sequences
of sound segments (displayed as blocks and often addition-
ally overlaid with the waveform of the sound [21]) or piano
roll segments representing notes that are synthesized using
a virtual instrument (see top of fig. 1). In a live setting, i.e.,
when an artist is performing on stage, this space is instead
often devoted to controlling and mixing the pre-composed
tracks (see bottom of fig. 1). In the left and/or right margins
of the screen, one can typically find repositories of instru-
ments, sound effects, and sound material (samples), orga-
nized in alphabetic lists according to filenames or assigned
tags. In addition to a text search field that matches against
the displayed identifiers, semantic tagging of the reposito-
ries enables the user to narrow down the search by applying
filters. However, in reality, collections remain largely un-
tagged, because tagging needs to be done manually for per-
sonal material which is a time consuming and tedious task.
Ultimately, to find a suited sample, the filtered list needs to
be examined entry by entry by listening to the sounds.

1.3 Proposed New Retrieval Paradigm
In order to organize sounds and make sound collections

more intuitively accessible, the challenges of “semantic” de-
scription and visualization are central (e.g., [30, 22]). In
fact, the visual dimension itself already plays a central role
in the description of sound. For instance, sound is charac-
terized through tone color (timbre), chroma (as an attribute
of pitch), or texture, which are all visual metaphors. Such
visual metaphors for description of sound were also present
during interviews we made:

“Sometimes I don’t have all of my kick drums
in my head, because there might be 2,000, or I
may not remember what it was but I know I am
looking for a soft round sound which is short and
dry.” (TOK002)

Here, our expert user is referring to textural properties (“soft,”
“dry”), as well as to properties of shape (“round”) to describe
the qualities of the desired drum sample. Since there is ev-
idence that, when thinking of sound, people (and in partic-
ular musicians) might hold a mental image of that sound,
we infer that allowing users to retrieve a sound by visually
sketching it, would allow them to find what they are looking
for effectively. Hence, in this paper, we propose a query-by-
visual-sketch paradigm for sound retrieval.

In order to support and contextualize this idea of uti-
lizing sketches of mental images as queries, in sec. 2, we
discuss the requirements and perception of our users and
connect these with psychological findings on the correspon-
dence of sound and vision. Within music information re-
trieval (MIR) research, several related techniques for sound
retrieval have been proposed — including acoustic sketches
(query-by-example) [25, 41], visualization of sound quali-
ties [30, 8, 22], and map-based arrangements of sounds for
browsing [38, 22, 19] — which we discuss in sec. 3.

In sec. 4, we propose a non-functional physical prototype
to test the idea of visual querying with users and gather
practical feedback. Finally, pointing in the direction of fu-
ture work, we present a concept for a software prototype
which incorporates the desired functionality in sec. 5.

2. MENTAL IMAGES OF SOUND
One of our goals is to understand our participant’s mental

models of sound and music. If we understand the musico-
logical perceptions of our users, we may in turn be able to
suggest new ways to find sound. To this end, we explore
the mental models of sounds of our users by asking them to
illustrate the sound they would like to be able to make by
drawing it with coal on a small piece of paper.1 Each par-
ticipant spends time explaining the illustrations, and this
opens up a conversation about mental model of sound:

“I don’t wanna see the wave, I want to use my
ears and as soon as I start being able to see the
wave I start getting into this visual world where
the whole, my brain totally changes and the way
I interact with, what I am doing totally changes.”
(STE023)

In order to further inspire lateral thinking, some partici-
pants are asked to make this drawing on the palm of their

1cf. http://ears2.dmu.ac.uk/learning-object/drawing-sounds



Figure 2: Coal drawings of mental images of sound.

own hand with a black marker. This has the advantage
of making the task both much more difficult, but maybe
counter intuitively also easier, in the same way the an elab-
orate surrealist art game such as Exquisite Corpse allows
easy expression and complex outcomes [5].

Figure 3: Drawing of “the sound you want to be able
to make” on the hand.

“So it would be really useful to for example have
some kind of sorting system for drums, for ex-
ample, where I could for example choose: ’bass
drum’, and here it is: ’bass’ and ’bright’, and
I would like it to have maybe bass drum ’round’
and ’dry’, and you can choose both...” (TOK002)

“It would be even more useful to be able to search
for a particular snare, but I can’t really imagine
how, I need something short, low in pitch, dark or
bright in tone and then it finds it...” (TOK003)

“There are a lot of adjectives for sound, but for
me, if you want a ‘bright’ sound for example
it actually means a sound with a lot of treble,
if you say you want a ‘warm’ sound, you put
a round bass, well, round is another adjective.”
(TOK009)

In these quotes, sounds are described by shapes (round),
brightness (bright, dark) and textures (soft, dry). While
these might be regarded as unusual descriptors of sound,
there is some evidence that many humans make to some
degree use of synaesthetic connections between visual per-
ceptions and sound.

When talking about “synaesthesia” in this artistic con-
text, it needs to be clarified that we use it as “an aesthetic
appropriation of the neurological condition in which stimu-
lation of one sensory modality triggers involuntary sensation

in another” [11], which is a rare, asymmetric, and individ-
ual phenomenon. Thus, we make use of a weak definition
of synaestesia as cross-modal associations, cf. [17, 22], and,
in the context of computer science, “the more general fact
that digital technologies offer, if not a union of the senses,
then something akin: the intertranslatability of media, the
ability to render sound as image, and vice versa.” [11]

Some experiments have found an association of brightness
with musical scales, modes, and pitch height [10]. Datteri
and Howard find an association of the frequency of pure
sine tones and color frequency [12], while Rusconi et al.
point out that some people associate pitch height with spa-
tial height [42]. As mentioned by Datteri and Howard [12],
Marks finds that some participants associate an increase of
brightness of grey surfaces with increase in loudness of pure
tones, while others associate an increased loudness with a
decrease of brightness, and suggests that most participants
associate visual brightness with auditory brightness [35].
This diversity might be an indication that a universal func-
tion to translate visual impressions into sound that gener-
ally matches human perception may not exist. In terms of
shape, there is repeatable evidence of object-sound associa-
tions, For example, it was shown that nonsense words such
as baluba or bouba are associated with rounded, while words
such as takete or kiki are associated with spiky and angular
shapes [29, 36].

We find an interesting oppertunity on the relation between
our users’ mental images of sound and the possibilities for
using these intuitions for sound retrieval. The emerging goal
of this process is to make use if these connections for building
a visual-query sound search engine. In the following we will
discuss how this area has been discussed in related work in
multimedia retrieval.

3. RELATED WORK:
VISUAL — SOUND — RETRIEVAL

Three areas are touched by the idea of using graphical
sketches of mental images of sound for audio search: vision,
sound, and retrieval. Extensive work — both academically
and artistically — has been conducted in all these areas. To
discuss the most relevant examples of this related work, in
the following, we focus on work at the intersections, pre-
cisely works at the intersection of visual and sound (VS),
visual and retrieval (VR), sound and retrieval (SR), and the
intersection of all three (VSR), cf. fig. 4.

3.1 Visualization/Sonification
At the intersection of visual and sound, we find work that

visualizes sound or sonifies images, or both.
The area of music visualizations is a wide field and

ranges from software and plug-ins for automatic visualiza-
tions of played back music (e.g., the iTunes Visualizer),
to stage show effects, to visuals in music performance, to
the dedicated VJ culture. The artistic discussion and dis-
course at the intersection of visual arts and music compo-
sition and the motif of synaesthesia, historically, has in-
fluenced and been influenced by the works of Kandinsky,
Schönberg, Cage, Stockhausen, or Xenakis, cf. [20], to name
a few prominent exponents, and is a reoccurring theme of
art exhibitions, e.g., [14, 40, 37]. The abstract musical an-
imations by Oskar Fischinger have even reached the main-
stream entertainment industry (e.g., through a visualization
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Figure 4: Venn diagram of areas of related work.
Our proposed approach to audio retrieval through
visual sketches belongs to the central area (VSR).

of Bach’s Toccata and Fugue in Walt Disney’s Fantasia) [26].
In the field of computer science, various strategies for vi-

sualizing sounds have been proposed. ThumbnailDJ [8] pro-
duces visual summaries for audio files using repurposed mu-
sic notation symbols to display information on aggressive-
ness, bass, tempo, volume, and genre for DJs. Genre infor-
mation is also mapped to colors for fast distinction. Music
Icon [30] generates expressive file system icons for music files
using blooms with two rings of petals that reflect music fea-
tures by color, shape, and number of petals. In order to map
musical properties to the eight parameters used to generate
a bloom, a neural network is trained using a small set of
hand-crafted examples. Grill et al. [23, 22] visually model
perceptual qualities of textural sound. In the visualization,
they combine two aspects, namely mapping the overall struc-
ture of a sound collection and visualizing the qualities of
its elements. Since they propose a user interface for visual
browsing, we discuss this work in more detail in sec. 3.4.

In the area of image sonification, i.e., the generation
of non-speech sound or music that conveys information of
visual data (cf. [31] for a general definition), the process of
visualization is inverted. Existing work is dealing with ex-
traction of visual features, e.g., color, brightness, texture, or
shape, and using these to control acoustic properties. Thoret
et al. [49], for instance, sonify two-dimensional curves by im-
itating the sounds of friction of a pencil drawing the shape
to sonify. Other approaches often aim at automatically com-
posing music from images, interpreting the two dimensions
of images onto two acoustic dimensions, e.g., the position of
pixels on the y-axis as pitch and the position along the x-axis
as point in time. Lauri Gröhn utilizes a cell-automaton-like
concept, to filter images by removing pixels in an iterative
process.2 Bondage by Atau Tanaka is an interactive installa-
tion including the transformation of a displayed picture into
sounds.3 The Monalisa project [24] transforms sound into
image data and vice versa using software plugins that allow
the approach to apply sound effects to image data, and to
apply image effects to sounds. sound/tracks [39] generates
a musical composition from the images of a passing scenery

2http://www.synestesia.fi
3http://www.ataut.net/site/Bondage

(recorded from trains) by mapping spatial height to octaves
and colors to notes using the synaesthetic mapping of com-
poser Alexander Skrjabin’s color keyboard.

3.2 Image Search and Sketch Retrieval
Content-based retrieval in the visual domain is a well-

researched area, e.g., [33]. In the context of this paper we are
foremost interested in methods for sketch-based and shape-
based retrieval [51]. In sketch-based image retrieval, the
goal is to use a schematic (even binary) sketch as query to
find similar full color images. Existing methods build upon
local gradient histograms, structure tensors [15], bag of fea-
tures descriptors [16], or keyshapes [43] and can be applied
for 3D-object retrieval [44] and image synthesis and mon-
tage applications [7]. In our proposed approach, extracting
features and relevant parameters from sketches and match-
ing them to repositories of richer and more complex data is
essential in order to achieve our goal.

3.3 Audio Search and Semantic Indexing
Current audio and music search is dominated by the query-

by-example paradigm [6]. An early example of a content-
based sound retrieval system is SoundFisher [54], which lets
the user query a database by combining examples with tags
and other meta-data. Another early example uses audio fea-
tures for indexing, classification, and retrieval of audio/video
segments in production studios [55]. Query-by-example is
also practiced in mosaicing, an effect that “reconstructs”
a target sound by concatenating similar sounding slices of
other recordings [56, 45, 34]. An alternative to direct (audio-
to-audio) query-by-example is query-by-semantic example,
which first aims at deriving semantic tags through classifi-
cation (see also [47]) and then compares sounds on the level
of semantic categories [2].

A coarser approach to querying by example is to use an
“acoustic sketch,” so to say, i.e., articulating (through a mi-
crophone) the qualities of the desired sound with voice. So
far, this has been applied for retrieving samples or tracks
with a similar beat structure for DJs (“query-by-beat-box-
ing” [25]) and for sound synthesis [41]. In the context of
sound synthesis and creation of textures, also sound-to-(hap-
tic)-image, image-to-texture, and haptics-to-texture trans-
formations have been proposed [13]. However, existing meth-
ods are either unimodal, i.e., do not take advantage of synaes-
thetic correspondance with the visual domain, or focus on
the translation of parameters for sound synthesis rather than
indexing and retrieval. To the best of our knowledge, there
is no work that addresses sound search by graphical querying
using synaesthetic information.

3.4 Sound Browsing through Collection Visu-
alizations

Finally, we want to discuss existing methods at the in-
tersection of visual, sound, and retrieval, i.e., methods that
assist in retrieving sounds from collections by providing a
visual browsing tool. Most proposed sound browsing sys-
tems are based on maps, i.e., 2D arrangements of sounds.
The Sonic Browser [18] gives the user the possibility to as-
sign visual properties such as color, shape, size, and location
to characteristics of audio files and then navigate through
the resulting visualization plane by simultaneously playing
sounds within a selected region through stereo-spatialization.
Pampalk et al. [38] present a hierarchical user interface to



drum sample repositories based on self-organizing maps and
psychoacoustically motivated descriptors of drum sounds.
Coleman [9] extracts event-synchronous audio samples from
existing music collections and proposes an interactive scatter
plot for browsing. Schwarz and Schnell [46] apply a similar-
ity function developed for mosaicing together with a spring
model for layout and multi-dimensional scaling to enable the
user to interact with and filter the contents of sound effect
and sample databases. Fried et al. [19] present AudioQuilt,
which optimizes 2D arrangements of audio samples based
on user preferences and can be used for navigation in snare
drum and synth sound databases.

Grill and Flexer [22] visualize perceptual qualities of sound
textures through symbols that are arranged on a map to re-
flect the structure of the collection (see fig. 5).4 To this end,
they map bipolar qualities of sound that describe spectral
and temporal aspects of sound, to visual properties. The
spectral qualities of pitch (high vs. low) and tonality (tonal
vs. noisy) are mapped to brightness and hue, and satura-
tion, respectively. The temporal (or structural) qualities of
smoothness vs. coarseness, order vs. chaos, and homogene-
ity vs. heterogeneity are associated with the jaggedness of
an element’s outline, the regularity of elements on the grid,
and a variation in color parameters, respectively. Evalua-
tion of these correspondences through a survey showed that
subjects were able to meaningfully associate sounds with
the chosen graphical representations. With the exception of
communicating sound properties through regularity on the
map, these parameters could also be used in our proposed
search system, i.e., to match user-drawn shapes to sounds.

Figure 5: Screenshot of the texture browser by Grill
and Flexer [22].

4. A NON-FUNCTIONAL PROTOTYPE TO
TEST THE IDEA

In order to explore how our users imagine sound we de-
cided to build a non-functional prototype. This was the
simplest of objects, a cardboard box the size of a hand, a
traditional size for a music device or tablet. The purpose of
the prototype was to give our idea a physical representation

4http://grrrr.org/test/texvis/map.html

and allow it to function as a conversational prop during in-
terviews. During the interviews, the users were told that this
prop would find the sounds they want if they express them
visually and asked to do various small exercises: draw your
visualization of a piece of music, use small colored pieces of
paper to illustrate the piece again, and imagine how the box
could be used in your particular practice. This is accompa-
nied by an ongoing conversation about images and sound.

The following quotes are taken from this process, con-
ducted with 21 users at professional music events in Ams-
terdam and Paris. In the interest of brevity, we will show
examples from one user conversation (ST002) here and then
summarize the ideas and comments from all the interviews.

Figure 6: Drawing the sound.

User ST002 describing the sound and fig. 6.
“For me, it’s sort of like a chair moving back
and forth. You have the note which is the long
line and the (makes noise in which you have the
squiggles afterwards). I think they’re actually
both at the same time. You sort of perceive the
note first and then the (makes noise).”

Figure 7: Collaging the sound.

Describing the collage in fig. 7
“This is how you should view it. The base of the
track is like the beat, it’s not completely rigid to
the grip. It doesn’t have a lot of swing so it’s di-
vided into four but it has a little bit of space. It’s
also because there’s not a lot of variations, there
might be some little fills and everything but the
basis is still the same. So you have the basis.
Over there, there are some sounds and they’re
not really... they’re pretty sort of neutral, so I
tried to stay more straight into the neutral colors
like grey and blue and a little bit of red, because
sometimes it’s a bit more calmed down. They’re
overlapping, but it’s not really totally chaotic.
You can, when you look at it, it’s like fourth,
there’s actually a lot going on, but it doesn’t ac-
tually feel like it. That’s what I tried to recreate.”



Figure 8: Imagining using the search box.

We then start talking about how to use the box, see fig. 8.

User ST002 : “‘Okay, I really want a squiggly
sound here,’ and you get a really round sound
and you’re like, ‘Hey this could also work’. Or
you could start modifying your squiggle.”

Interviewer : “If you could imagine you could con-
stantly change what would come back if it was a
live query.”

User ST002 : “Yeah, it could be like, ‘I want this
sound, okay well this is not what I had in mind,
let’s try this and this,’ then you can really shape
your sound to what you want to.”

At the end of the interview we talk more generally:

Interviewer : “We had an artist suggest that he
was associating particular colors to each of his
samples as he made them. He would go this is a
green sound but he would have a really detailed
opinion about what kind of green.”

User ST002 : “Yeah, no, a lot of artists have that
actually. It’s really funny. Imagine if their whole
song is sort of structures and shapes with colors
and everything else.”

Over the course of the interviews a number of ideas and
notions came up in addition to the importance of brightness,
shape, and texture in mental models identified in sec. 2:

• Our expert users have complex mental models of their
own sounds and color plays a central role: “I see the
music sometimes as more aesthetic and something that
I can see more than something that I can hear”(PA013),
“When I listen to music I see colors. [...] I remember
colors.” (PA011), “Different sounds to me have specific
colors” (PA009)

• The temporal dimension of sound is important: “a very
useful and beautiful way of displaying the track over
time, the colors based on timbre and stuff” (ST001)

• For some users, current forms of visualization, espe-
cially waveforms, are useful, while others are very dis-
satisfied: “Listen [...] with the waveform, [is] really
useful for me, I can go to the drop directly cause know
from the waveform where it is and I can listen to it and
then I can jump like to the middle section.” (TOK011),
“The waveform is a beautiful thing to look at, depend-
ing on its sound.” (TOK014) vs. “You’re confronted

with these boring waveforms... they bore your eyes...
you’re already not listening to something because you
just see a square wave.” (PA008), “If you think about
it, most waveforms of songs look like bricks because
they’ve been smashed to shit with brick wall limiters
and compression.” (TOK007), “Looking at the wave-
form is not really helpful.” (TOK003)

• Users are open to systems that might not work per-
fectly out of the box but learn their associations over
time (personalization): “You could imagine that your
computer gets used to you, it learns what you mean
by grainy, because it could be different from what guy
means by grainy” (PA008)

• Users would use images as references to find files: “I
don’t have the actual ability to use images [now], so I
just use color.” (PA009)

5. PROPOSAL FOR A FUTURE SOUND RE-
TRIEVAL SYSTEM

Based on the findings from our interviews and from sur-
veying the literature, we propose a software interface for
sound search based on queries consisting of sketches of men-
tal images. A central requirement for such an interface is
that it needs to be able to deal with different sound proper-
ties and different types of sounds, such as effects, samples,
ambient, tonal, or textured recordings, and therefore com-
prise different simultaneous representational models for in-
dexing. For instance, while tonal aspects might be best rep-
resented using symbolic music notation, noise sounds should
be modeled primarily via their textural properties. It is ex-
pected that modeling and indexing will heavily draw from
audio content processing and analysis methods. Methods
for source separation will play a particularly important role
in order to isolate individual sound objects, cf. [48].

As pointed out before, while some audio-visual associa-
tions are more universal (e.g., acoustic representations of
shape seem to be more generally agreed on), others like the
correspondence between spatial height and pitch height or
the brightness of sound are more subjective. The associa-
tion of colors with sound, although appearing to be the most
frequent association, seems also to be the most subjective.
Thus, another requirement for the sketch search interface is
adaptiveness to the preferences of the user over time.

A query to the search engine is constructed visually aiming
at reflecting the user’s mental model of sound (i.e., the infor-
mation need). To this end, the search interface will resemble
more an image manipulation program than a text search en-
gine. Fig. 9 shows a UI mockup of the envisioned system.
The central element is the canvas, holding the current query.
The user can start with an empty canvas and build the query
from scratch or input an existing sound, which is subse-
quently analyzed, deconstructed, and displayed using the
available symbolic representations. While the user is draw-
ing or moving objects on the canvas, the list of search re-
sults gets constantly updated, encouraging exploration and
modification. The canvas itself features a two-dimensional
layout, with the x-axis representing time (or temporal or-
der), and consists of multiple layers, which can be turned
on and off selectively, each representing a different type of
indexing modality. In the different layers, the x- and y-axes
are interpreted differently:
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Figure 9: UI mockup of the proposed query-by-visual-sketch search engine for sound.

1. symbolic layer : sequential order vs. spatial area of
symbols

2. waveform layer : time vs. amplitude

3. tonal layer (or spectral or piano roll layer): time vs.
pitch (frequency activation)

For indexing and query matching, i.e., similarity calcula-
tion, the symbolic layer requires a segmentation of the audio
into sound objects which are individually modelled and then
can be expressed as a sequence of symbols (i.e., a string).
The mappings used by methods discussed in related work
(sec. 3) are promising candidates to create such symbols.
However, not all of these mappings are isomorphic in the
sense that their expressivity can be inverted and not all rel-
evant acoustic dimensions are covered. The waveform and
tonal layers basically hold sketches of the expected wave-
form and the piano roll (or spectrogram) of the sound, repec-
tively, and can be matched by stretch- and (partly) location-
invariant image comparison. Alternatively, the tonal layer
can be matched using symbolic music retrieval methods such
as melody contour matching, e.g., [50].

For sketching the appearance of the individual layers, com-
mon image manipulation tools are provided:

• Draw dots, lines, and paths (e.g., waves, zig-zag)

• Draw shapes: circles, ellipses, rectangles, polygons (e.g.,
stars)

• Fill shapes with texture (from a predefined set)

• Choose color to draw to represent different sound qual-
ities (e.g., tonality, instrument, mood, or any other
semantic label)

• Eraser (selectively remove shapes or parts of drawings)

An important addition to the system is that — in contrast
to text- or image-based search — in case retrieval delivers no
or only unsatisfactory results, sound synthesis can be applied
instead, based on the provided parameters, using, e.g., the
methods discussed in sec. 3.3, i.e., if the desired sound is
not present in the database, it can still be built/synthesized
given the visual description.

6. CONCLUSIONS
We proposed a new search paradigm for sound retrieval

based on visual sketch queries to replace or complement

existing text- and tag-based search engines as exemplified
in current digital audio workstations. From a substantial
amount of interviews with professional music producers, we
identified a need for improved organisation of and access
to large sound repositories as well as a common conception
of sound through visual metaphors and synaesthetic sensa-
tions. We argued for making use of the visual mental models
of sound for retrieval and presented a mockup UI to allow
for visual sketches using image manipulation metaphors.

While an actual implementation of such a search engine is
beyond the scope of this paper, we believe that setting such
a target points research in content-based audio retrieval into
a highly relevant direction (as evidenced not at least by the
explicit demand for this type of functionality by users). Ex-
isting work that already builds upon audio-visual correspon-
dences for visualization purposes should be tapped for also
facilitating the opposite information flow and giving users
graphical tools to“build”the sound they want to find. Audio
and music information retrieval research has achieved signif-
icant improvements in the last years wrt. sound description
and indexing. Therefore, although it is without question a
very difficult, subjective, and ambiguous task that requires
extensive efforts, we believe that visual sound retrieval does
not end with browsing interfaces, but should be taken to the
level of search engines, to help people find the sounds they
already have in mind.
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