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It is say that deviations and implications of expecta-
tion when listening to music arouses emotions. Following
this perception, we developed the system which generated
emotional rhythm using deviations and implications of ex-
pectation based on information theory. In this paper, I
propose the method that is generating musical modes con-
trolling probabilistic complexity and bias on the circle of
fifth. T show the system generating emotional system with
the method.
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ALARM/WILL/SOUND: CAR ALARM SOUND PERCEPTION
EXPERIMENTS AND ACOUSTIC MODELING REPORT

Alexander Sigman

College of Music and Performing Arts

Department of Composition
Keimyung University
Daegu, South Korea

ABSTRACT

This article outlines the salient phases, goals, and re-
sults of the sound perception and design research compo-
nent of alarm/will/sound, a multidisciplinary musical re-
search project carried out in the context of the IRCAM
IRC (Interface Recherche-Création) Musical Residency
Research program. After the rationale for and motivations
behind the project are presented, the following research
milestones are described: 1) a sound perception experi-
ment testing source typicality of a sub-category of sounds
within the corpus; 2) an acoustic descriptor space in which
a subset of the stimuli employed in the typicality experi-
ment were situated; 3) the construction of synthetic au-
ditory warnings from sound-sources within the descriptor
space, prototypical environmental sound envelopes, and
inter-onset intervals (IOI’s) derived from extant car alarms;
and 4) the design and results of a second experiment per-
taining to levels of repulsion vs. attraction to the synthetic
auditory warnings. Finally, short-, mid-, and long-term
objectives and directions for the project are discussed.

1. INTRODUCTION

alarm/will/sound " is a tripartite collaboration between com-

poser Alexander Sigman, IRCAM Sound Perception and

Design (SPD) team researcher Nicolas Misdariis, and Stuttgart-

based product designer/visual artist Matthias Megyeri. This
project was begun in January 2013 under the IRCAM IRC
(Interface Recherche-Création) Musical Research Resi-
dency program, and is still in progress at present (Septem-
ber 2014).

Taking as a point of departure the proven ineffective-
ness of current audible car alarm systems as deterrents [1]
and the relative lack of research into and development of
audible car alarm design compared to other sound-emitting
components of vehicles (e.g., the audio system, engine,
horn, turn signal, or door), we have sought to produce in-
novative modified car alarm prototypes. The design of
these prototypes would be informed by musical, artistic,
scientific, and industry expertise, as well as sound percep-
tion research and acoustic modeling.

As an often-ignored and predictable source of noise
pollution, the car alarm as an auditory warning device
raises a host of intriguing questions of a sociological na-
ture. How may the essential functionality of the audible

I Also referred to as “a/w/s” in this paper.

Nicolas Misdariis
Sound Perception and Design
Research and Development
STMS-IRCAM-CNRS-UPMC
Paris, France

car alarm be defined? To whom is the alarm directed: the
potential perpetrator, the car owner, or the public? Stud-
ies summarized in the report cited above have indicated
that even the most high-end audible alarms require a maxi-
mum of ten minutes for professional car thieves to disable,
and in most instances fail to prevent break-ins. The owner
may or may not be within earshot of his/her respective car
alarm when it is activated. However, given the homogene-
ity of car alarm emissions, the alarm may not be detected
in time for the car owner to intervene. As a result of the
sheer number of false alarms, as well as the aforemen-
tioned element of aural annoyance (among other factors),
members of the more public have a greater documented
tendency to flee from or simply ignore an activated alarm
than to proceed towards the source.

In the presence of a car alarm, wherein lies the bound-
ary between the public space of the vehicle’s physical en-
vironment and the private territory of car? An audible
alarm designates a boundary beyond the car’s physical
perimetera “grey zone” that is often creatively explored,
as is made evident by the countless videos of car alarm
dance routines posted to Youtube. 2

Our approach to audible car alarm system design has
been guided and constrained by a fundamental question:
wherein lies the alarm’s identity? Does it consist in the
hardware components and context (i.e., embedded in the
automobile), or in the sounds that it emits and the inter-
action protocol by which it operates? If the latter, is it
possible to transform the alarm system from a mechanism
of (ineffective) deterrence into one of engagement? That
is to say: through the expansion and customization of its
sonic vocabulary and potential modes of human-machine
interaction, could this device be repurposed as a sort of
virtual instrument that the passerby (or car owner) learns
to manipulate, with the help of audio-visual feedback?
By the same token: could the alarm gain sensitivity to
more physical parameters than simply physical proxim-
ity? Could temporal variation in these physical parame-
ters trigger time-varying sonic responses? At this point,
it is worth mentioning that the aim of the study is notat
least, in the short termto address mnemonic and learning
issues attached to auditory warning stimuli. Even if these
mechanisms could radically change the way people react
to alarms, our investigation do not pertain directly to how

2Here is a particularly  well-choreographed  example:
http://www.youtube.com/watch?v=1Li3mNI2-EM (accessed 22
September 2014).
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people integrate over time the information induced by an
alarm. This is a question that would require a long-term
experimental paradigm to accurately and rigorously inves-
tigate.

Indeed, it was not our intent purely to focus upon en-
hancing the car alarm’s deterrence effectiveness. Non-
audible devices such as the Lojack system® have been
associated with a high documented vehicle recovery rate.
Rather than entirely replacing an existing system in ser-
vice of security enhancement, the focus has been placed
on expanding and enhancing this system’s functionality
and sonic potential.

Despite the seemingly unique nature of the project and
the collaborative model underlying it, aspects of a/w/s are
in fact extensions of Matthias Megyeri’s work on domestic
security systems* and Alexander Sigman’s compositional
interests in the influence of sonic phenomena in physi-
cal environments on the aesthetics of the composer/sound
artist and the impact that a composer/sound artist may
have on transforming the physical environment (and by
extension, the human behaviors therein).’

The IRCAM Sound Design and Perception research
team’s involvement with the automobile industry has as-
sumed the form of a partnership with Renault on sound
design for electric vehicles (in collaboration with com-
poser Andrea Cera), a follow-up study on electric vehi-
cle detectabilty in urban environments [2], and an earlier
study on car horn sound quality [3]. Research topics in the
domain of human-machine interaction has included the
influence of audio features on perceived urgency and its
application to car interior Human-Machine Interfaces [4]
and the influence of naturalness of auditory feedback of
an interface on perceived usability and pleasantness [5].
In addition, Sigman’s background in Cognitive Science
and timbre perception has been relevant to the project’s
collaborative model. It is thus hoped that both the artistic
and research outcomes of alarm/will/sound will contribute
not only to the understanding and development of vehicle
alarm systems specifically, but also to the design and clas-
sification of auditory warnings in general.

2. PROJECT PHASES AND GOALS

For practical purposes, the project was divided into four
primary phases: three research and production phases (see
Figure 1) and one presentation and user experience docu-
mentation phase. The first phase was devoted to the pro-
duction and characterization of a corpus of potential alarm
sounds. Subsequently, a sound perception experiment in
sound source identifiability was designed and conducted
on a significant portion of the corpus, in order to focus
on acoustic properties, rather than exclusively to sound
causality. A subset of the stimuli used in this experi-
ment was then placed within an acoustic features descrip-
tor space. Phase III has consisted of constructing synthetic

3 http://www.lojack.com/Home (accessed 22 September 2014).

4E.g., Sweet Dreams  Security, a commercial line of
security products developed and distributed by Megyeri:
http://www.sweetdreamssecurity.com/sweetdreamssecurity.html  (ac-

cessed 22 September 2014).

5 Sigman’s VURTRUVURT (2011) for prepared violin and live elec-
tronics and down the bottle (2012) for bass flute, installation, and
live electronicsboth members of the VURT cyclereflect these interests.
Scores and recordings to both works may be found on the composer’s
website: http://Ixsigman.com/media/audio.htm (accessed 22 September
2014).

auditory warnings via the integration of the source-sounds
within the descriptor space, prototypical auditory warn-
ing temporal morphologies, and the inter-onset intervals
(I0I’s) of real car alarm sounds. These synthetic warnings
are currently being tested for their respective capacities for
repulsion vs. attraction in a second experiment. Concur-
rently, Matthias Megyeri is developing hardware designs
for the eventual prototypes, which will be exhibited as in-
teractive installations in public and gallery spaces during
the final phase of the project.

Given the breadth of a/w/s, we have decide to focus
in the present article on the sound corpus elaboration and
characterization process of Phase I, the source typicality
experiment and acoustic feature modeling completed dur-
ing Phase II, and the synthetic auditory warning construc-
tion and deterrence vs. engagement experiment of the
third phase. All of these project achievements pertain to
the creation of semantic and acoustic classification of the
alarm prototype sounds. The classification methodologies
employed will be critical to both subsequent research and
to exhibiting the prototypes in an interactive art installa-
tion context.

Project overview
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Figure 1. The three primary project phases. "XP1” and
”XP2” refer to "Experiment 1” and “Experiment 2,” re-
spectively.
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3. BACKGROUND

Besides the IRCAM Sound Perception and Design team
studies mentioned above, several important researches have
informed each stage of the project. Initially, a survey of
historical audible alarm patents and current standards was
made. Sound corpus construction was guided both by
classic twentieth century approaches to timbral classifi-
cation (e.g., Pierre Schaeffer’s Traité des objets musicaux
[6]), as well as more recent studies in environmental sound
categories (e.g., Houix et al, 2012 [7]). Formal compo-
nents were also extracted from Olivier Claude’s 2006 the-
sis La recherche intelligente des sons [8], where taxonomies
of natural, animal, human, and object/machine sounds are
proposed, such that sounds within these taxonomies are
organized into limited sets of morphological, causal (phys-
ical), and semantic sub-categories.

In Ballas (1993) [9], acoustic, ecological, perceptual,
and cognitive factors that influence the identification of
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current environmental sounds were evaluated. As is ex-
plained in Section 5.2, this study was particularly relevant
to the sound causality confidence rating protocol utilized
in Experiment 1.

The acoustic modeling step was largely informed by
several studies done on the definition of an exhaustive set
of acoustic featuresat first dedicated to musical sounds
(Peeters et al, 2002 [10]) and the identification of some
of these features that are best suitable for describing simi-
larities and differences of environmental sounds.

The auditory warning construction was grounded on
the standard template defined by Patterson (1990) [11]
and, among others, the direction taken by Edworthy (2011)
[12] to extend the conception of the inner structure of
such signals was considered. Moreover, our own auditory
warning design process was also based on prototypes of
morphological profiles found out by Minard et al. (2010)
[13] from an environmental sound corpus.

Finally, existing auditory design in automobiles (Ya-
mauchi et al, 2004 [14], Kuwano et al 2007 [15]), and
approaches to the synthesis of new auditory warnings in
military helicopters (Patterson 1999 [16]) and intensive
care units (Stanton and Edworthy, 1998 [17]) were also
taken into account in this process.

4. SOUND CORPUS TAXONOMY AND SOURCES

The first phase of the project entailed the elaboration and
characterization of a sound corpus to apply to the mod-
ified car alarm prototypes. As is presented in Figure 2,
the sound corpus taxonomy consists of three primary cat-
egories: individual sounds, “auditory scenes,” or sound
complexes, and real car alarm sounds (i.e., the standard
repertoire of six auditory warnings typical of audible car
alarm systems). The Individual Sound category is fur-
ther divided into 1) Synthetic/Electroacoustic; 2) Vocal; 3)
Film Danger Icons; and 4) Industrial/Mechanical Sounds.
Further subdivisions were made along semantic/contextual
andparticular at the lowest levels of the taxonomyacoustic
lines.

Among the non-synthetic sounds in all three primary
categories, the majority were mined from existing sound
databases (e.g., Soundldeas, Blue Box, Auditory Lab®
and freesound.org). Under the Auditory Scenes rubric, a
series of field recordings of public spaces in Parisstreets,
the Forum Les Halles shopping concourse, the Centre Pom-
pidou, metro stations, and train car interiorswere compiled

in February 2013 by Alexander Sigman and Matthias Megy-

eri. It is intended that the collection of field recordings be
expanded over time to include further site-specific entries.

Synthetic individual sounds were generated and edited
using such synthesis software as AudioSculpt, 7 Pure Data
(Pd), 8 SuperCollider, 9and the Python-based concatena-
tive synthesis program Audioguide. '

6 http://www.psy.cmu.edu/ auditorylab/website/index/home.html (ac-
cessed 22 September 2014).

7 http://anasynth.ircam.fr/home/english/software/audiosculpt

8 http://puredata.info/

9 http://supercollider.sourceforge.net/

10 AudioGuide was developed by composer Ben
Hackbarth, and is obtainable from his website:
http://www.benhackbarth.com/audioGuide/doc.html ~ (accessed 22
September 2014).
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Figure 2. Sound corpus taxonomy, constructed in
January-February 2013.

5. EXPERIMENT 1: SOURCE IDENTIFIABILITY
OF INDUSTRIAL/MECHANICAL SOUNDS

5.1. Experimental Objectives

The first sound perception experiment was designed in
the interest of determining levels of source identifiabil-
ity of sounds within the corpus. Based upon the results
of the experiment, it would be possible to construct an
abstractness-iconicity scale across the corpus, as well as
to determine the salient semantic and acoustic attributes
of the sounds using empirical data. However, given the
size and scope of the catalogue, the selected stimuli were
limited to a subset of the Industrial/Mechanical category.
This category was chosen due to a) the number of sub-
categories and entries; and b) the range of source abstract-
ness and ecological context relative to other Individual
Sound categories.

5.2. Methods and Materials

In order to obtain data from a broad range of subjects over
a relatively short period of time (ca. one month), the
experiment was conducted in an online, crowd-sourced
format.'! Subjects were asked to listen to each stimu-
lus, provide a brief description of sound causality, and
indicate a confidence rating of sound causality identifi-
cation on a 1-5 Likert scale (see Figure 3). !> The stim-
uli could be played back any number of times, but could
not be paused and resumed mid-file. Thirty-nine stimuli
were presented in MPEG-3 format. Every sub-category of
the Industrial/Mechanical category was represented by at
least one stimulus.

"' The experiment may be found at the following URL:
http://recherche.ircam.fr/equipes/pds/projects/asigman/causality/

src/EvaluationStartTrial.php (accessed 22 September 2014).

12 This experimental protocol was based on Ballas (1993), who found
a correlation between the measure of confidence of sound causality and
the more laborious causal uncertainty measure (Heu) [9]
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All subjects were required to complete a trial session
consisting of three practice trials prior to being directed
to the experiment, in order to determine judgment stabil-
ity for each participant. Subjects could not advance to
the next trial until the ”Sound Source Description™ field
was filled out. Once the experiment was completed, sub-
jects were requested to submit a questionnaire pertaining
to the subjects’ professional and educational backgrounds,
audio equipment used during the experiment, and acous-
tics of physical environment in which the subjects were
located at the time of participating in the experiment. In
addition, feedback regarding the experiment was solicited.
The whole listening test lasted approximately thirty min-
utes. Subjects were not paid for their participation.

From an objective point of view, the use of an online
procedure can appear to be either a blessing or a curse: as
mentioned above, it allows a large number of participants
representing a broad range of professional backgrounds
and geographic locations to complete the experiment in
a limited period of time. On the other hand, it may in-
duce ’noisy,” unreliable data mainly due the inability to
directly manage listener fatigue or lack of concentration
within this protocol. The results presented below in sec-
tion 5.3 should be examined in light of these limitations.

Sound sample (1/39)

If the player is not working properly,
please wait a moment and press the Play button again,

Evaluation

Confidence_Scale
1 2 3 4

-
-
£
-
-
-

Hesitating
amongst Somewhat  Completely

several confident confident

possibilities .

Somewhat
unconfident

Absolutely
no idea

Sound source description*

(*) if unable to identify, please write "N/A"
Next >>

POP-UP instructions in English
POP-UP instructions in French

Figure 3. Experiment 1 user interface.

5.3. Results

Of the ca. 100 visitors to the experiment website, twenty-
four subjects began the experiment. Of this subject pool,
only fifteen subjects completed all trials. Data collected
from the nine subjects who did not reach the end of the
experiment was excluded from the analysis.

Figure 4 indicates the confidence ratings of the fifteen
subjects across the thirty-nine stimuli. The stimuli are in-
dicated on the x-axis from left to right in order of confi-
dence rating (from low to high). A significant difference
t-test was applied to the lowest and highest mean con-
fidence ratings in order to locate the threshold between
iconic (strongly identifiable) and non-iconic sounds. Stim-
uli and their respective mean confidence ratings are listed
(alphabetically) in Figure 5.
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Figure 4. Confidence rating means and standard devia-
tions for thirty-nine stimuli indicated from low (left) to
high (right).

Amongst the sound source descriptions provided by the
subjects (in the field below the confidence scale on the
experiment interface), the responses ranged in confidence
and specificity. (In one case, for instance, a subject iden-
tified the brand of metronome of one of the stimuli.)

5.4. Discussion

The relatively high attrition rate amongst potential sub-
jects (100 to twenty-four to fifteen) suggests two factors
that discouraged participants from continuing with the ex-
periment: 1) the duration required to complete the task
(45-60 minutes) and 2) the fatiguing nature of the sounds
presented. There was also no available ”Save and Con-
tinue” option, so the experiment had to be conducted in
one sitting. Experiment 2 requires a shorter completion
time (ca. 15-20 minutes), and consists of stimuli of shorter
durations.

The individual differences in confidence ratings and
specificity of responses may be attributed in part to differ-
ences in experience with mechanical/electrical tools and
industrial equipment. The sounds that caused the most
confusion either had contextually-obscure sources (e.g.,
wooden gears or milling machine), impulsive (e.g., grenade
blast, marbles in vase, or a ball-ricochet) or were steady-
state and drone-like in nature, with motor sources (e.g., air
conditioner, microwave oven, boat motor, or food proces-
sor). The iconic sounds were quite context-specific (e.g.,
grandfather clock bells, antique train, or machine gun),
time-varying (e.g. helicopter, airplane, or train passing),
or common (e.g., corkscrew opening a bottle or alarm
clock). Interestingly, a few sounds that were segmented
into two stimuli produced different confidence scale rat-
ings for each segment. The sound “airco-off” (air con-
ditioner off) had a mean confidence rating of 2.8, while
“airco-on” was correlated with a mean rating of 3.73. Sim-
ilarly, "airplane-end” had a mean rating of 3.0, while the
rating “airplane-beginning” fell to the right of the iconic-
ity threshold, at 4.6. As otherwise drone-like, steady-state,

motor-produced sounds, the onsets of ”airco-on” and “airplane-

beginning,” as well as “sander-on,” may have provided
more spectral cues than the respective offsets. By contrast,
the termination of microwave-oven-end” (confidence rat-
ing = 3.8) seems to have given more cues than “microwave-
oven-begin” (confidence rating = 3.07).

Despite the lower levels of participation than expected,
these results did enable us to construct an abstraction-
iconicity scale and to determine salient semantic charac-
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Stimulus Mean Confidence Rating
1 airco_off 2.80
2 airco _on 3.73
3 airplane beginning 4.60
4  airplane end 3.00
5 alarm clock bell 4.67
6  Dball ricochet 3.60
7 boat motor_edited 2.80
8 can _crushed edited 3.00
9 can knocked over 3.20
10 cannon_shot 4.13
11 circular saw 3.67
12 corkscrew 4.87
13 electric_screwdriver 3.33
14 fog horn 4.33
15 food processor off 2.00
16 grandfather clock bells | 4.87
17 grenade blast 2.93
18 hand mixer off 3.20
19 helicopter hovering 4.47
20 helicopter passing 5.00
21 machine gun 3 iteration 4.33
22 marbles in vase 2.67
23 med_clock ticks 2.83
24 metronome 3.60
25 microwave oven begin | 3.07
26 microwave oven end | 3.80
27 milling machine on 2.13
28 rachet 3.93
29 sander off 3.27
30 sander on 3.73
31 saw_cutting pipe 4.47
32 shaver middle 4.13
33 stopwatch beep 4.67
34 train_antique 4.53
35 train rail noise 4.60
36 vaccuum end 3.60
37 vacuum begin 3.93
38 vacuum cleaner in motion | 2.33
39 wooden gears excerpt | 2.00

Figure 5. The thirty-nine stimuli (listed alphabetically)
and their respective mean confidence ratings.

teristics of the sounds tested. It was concluded that the
sounds falling to the right of the iconicity threshold would
not function effectively in the car alarm context, as they
were too closely associated with specific sources, which
may very well exist within a vehicle’s immediate environ-
ment (e.g., trains/airplanes/helicopters and clock chimes).

6. ACOUSTIC MODELING: PSC-HNR
DESCRIPTOR SPACE

The next step in the corpus characterization process was
to compute perceptually relevant acoustic descriptors. The
objective was to construct an acoustic descriptor space in
which to situate the corpus sounds, thereby enabling us
to trace relative distances between constituent sounds, as
well as between extant sounds and new entries.

Several approaches were considered, including Mel Fre-

_9_

quency Cepstral Coefficient (MFCC) attached to a Gaus-
sian Mixture Model (GMM) and a Multi-Dimensional Scal-
ing (MDS) analysis. It was ultimately decided that weighted-
mean Perceptual Spectral Centroid (PSC) and Harmonicity-
to-Noise Ratio (HNR)two acoustic parameters included in
the IrcamDescriptor 2.7 toolbox [18]would be employed
based upon a 2010 study by Misdariis et al. on metade-
scription and modeling of environmental sounds such as
interior car sounds, air conditioners, car horns, and car
doors [19]. This choice of descriptors was made due to the
fact that, in the Misdariis et al. study, it has been shown
that these two features appear to be significant in the per-
ceptual description of environmental sounds. Moreover,
this study also indicated that, in a first-level description,
considering the mean value of the featureseven if sounds
are objectively non-stationarycorresponds to a perceptu-
ally relevant process (see correlation values between acous-
tic features and perceptual dimensions in [19]). That is
the primary reason that we chose in the present study to
remain on this first level and construct our Acoustic Fea-
tures Space upon mean values of the features.

A two-dimensional PSC-HNR space was calculated and
populated by the thirty-one Industrial/Mechanical sounds
tested in Experiment 1 that fell below the iconicity thresh-
old. Moreover, in order to fill empty or underrepresented
zones of the space, hybrid sounds were constructed via the
constant cross-synthesis of pairs of one-second samples of
extant sounds in AudioSculpt. The resulting acoustic fea-
tures space is illustrated in Figure 6.

Acoustic Features Space
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Figure 6. Perceptual Spectral Centroid (PSC)-

Harmonicity-to-Noise Ratio (HNR) acoustic features
space containing industrial/mechanical source sounds
(black dots), actual car alarm sounds (red dots), and hy-
brid sounds (blue dots).

7. SYNTHETIC AUDITORY WARNING
CONSTRUCTION

Synthetic auditory warnings were constructed by combin-
ing: a) selected industrial/mechanical source sounds and
hybrids placed within the acoustic descriptor space de-
scribed above; b) five typical environmental sound en-
velopes; and c) the inter-onset intervals (IOI’s) of the six
alarms comprising a standard car alarm repertoire.
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Of the set of stimuli shown in Figure 6, six original
sounds and three cross-synthesized hybrids that lie at the
extremes and center of the descriptor space were selected.
In the Minard, et al. study [14] mentioned previously, six
perceptually distinct environmental sound morphologies
were devised and tested: 1) stable; 2) decreasing; 3) in-
creasing; 4) pulse-train; 5) single impulse; and 6) rolling
(see Figure 7). Given the iterative nature of these alarms,
the stable” category was excluded, as this inhibits recog-
nition of new iterations in an ecological or experimental
context.

1)STRLE 2 ECREASHG HNREASHG {PUSETRAN ) SNLENPULSE §R0LNG
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Figure 7. Six environmental sound envelopes, rendered
as breakpoint functions (BPF’s) in Max/MSP.

As is presented in Figure 8, the inter-onset intervals of

six standard car alarms were calculated (in Matlab '3 ).Given

the similarity in IOI of alarms 1 and 2, 3 and 5, and 4 and
6 (respectively) to each other, each pair of I0I’s was av-
eraged, producing three distinct IOI durations: 300 ms.
(short), 536 ms. (medium), and 2082 ms. (long).

Since the combination of nine sources times five en-
velopes times three IOI’s would still produce too many
stimuli to be realistically tested in a sound perception ex-
periment, and several combinations would create contra-
dictions among the parameters (and by extension, lose
perceptual salience in an auditory warning context), fur-
ther exclusions were made on an intuitive (but empirical)
basis. For instance, new onsets of sounds with a decreas-
ing envelope and a short IOI were deemed imperceptible.
On the opposite end of the scale, single-impulse envelopes
with long I0I's would lose the qualities of an auditory
warning, given the latency between onsets. Similarly, im-
pulsive and granular source-sounds (e.g., wooden gears,
or a toppled tin can) would not effectively be paired with
long IOT’s.

Once these restrictions were applied, it was possible to
generate an array of contrasting stimuli to be employed in
Experiment 2. This was achieved via the Max 6 patch. In
the patch, the six environmental sound envelopes are ren-
dered as breakpoint functions (BPF’s), as is indicated in
Figure 7. The user first chooses from amongst the nine
possible source sounds mentioned above. This sound is
modulated with one of the six BPF’s, selected from a drop-
down menu. The BPF duration and triggering/looping rate
may be altered by clicking on one of nine IOI durations:
six corresponding to the IOI’s of the standard car alarms,
the three others corresponding to the aforementioned av-
eraged inter-onset intervals. In addition, it is possible to
trigger a Morphology Sequencer, which cycles through
the six BPF’s at the current IOI rate. The Morphology
Sequencer loops until it is deactivated.

13 http://www.mathworks.com/products/matlab/
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Figure 8. Six car alarm inter-onset intervals (IOI’s). For
each profile, the blue line represents the whole profile
and the red line represents the elementary profile used for
computing standard values of IOI's.

8. EXPERIMENT 2: ATTRACTION VS.
REPULSION TO SYNTHETIC AUDITORY
WARNINGS

As was the case for Experiment 1, Experiment 2 is be-
ing conducted at the present time via an online, crowd-
sourced format on the IRCAM Sound Perception and De-
sign research team site.'* Subjects are presented with
synthetic auditory warning stimuli, and asked to rate the
level of attraction or repulsion to the sound on a three-
point scale (attraction/indifference/repulsion). In order to
facilitate this task, the instructions to the experiment in-
clude metaphors to other sensory modalities (e.g., attrac-
tion vs. repulsion to odors).

In the interest of limiting the required completion time
for the experiment to 15-20 minutes, forty-five synthetic
auditory warnings, rather than all possible combinations
of the sources, temporal morphologies, and IOI’s described
above are employed as stimuli. These stimuli will be se-
lected on the basis of contrast of spectral and temporal
characteristics. It is hoped that the results of this exper-
iment will enable us to determine which synthetic audi-
tory warnings would be more effective as deterrents, and
which could be utilized as auditory feedback in the con-
text of user interaction with the alarm prototypes.

9. FUTURE WORK

Goals for the short-term include completing Experiment
2 and analyzing the results. Thereafter, we will focus on
the interactivity component of the project, and determine
the optimal hardware and software development environ-
ments in which to pursue this. Once our alarm proto-
types have reached a sufficient stage of development, they
will be exhibited primarily in site-specific public-space
contexts, but also in gallery spaces. The establishment
of collaborative relationships with industry partners is in
progress, and should be confirmed within the next year or
SO.

14 http://recherche.ircam.fr/equipes/pds/projects/asigman/deterrence/
src/EvaluationStart.php (accessed 22 September 2014).
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Sound sample (1/45)

If the player is not working properly,
please wait a moment and press the Play button again.

Evaluation : [8]

Deterrence_Scale
1 2 3

REPULSION INDIFFERENCE ATTRACTION
(Deterrence) (Neutre) (Engagement)

[9]

Comments

POP-UP instructions in English
POP-UP instructions in French

[10]

Figure 9. Experiment 2 user interface.

(11]
When the prototypes are presented to the public, the
interaction models described previously will be featured.
Exhibition visitors will be able to trigger alarm sounds re-
motely via control stations or mobile devices, in a search-
able catalog organized and characterized based upon the [12]
results obtained from the two experiments and the con-
structed acoustic descriptor space. User experiences with
the various modes of interaction will be documented via
video/camera images, data collected from user input at
control stations, and survey responses. Ultimately, it is
intended that users will be able to upload their own record-
ings, which may then be edited and indexed according to
criteria derived from the experiments.

[13]
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This paper gives a brief overview of the three core fea-
tures of LC, a new computer music language we proto-
typed: (a) prototype-based programming, (b) mostly-stro-
ngly-timed programming, and (c) the integration of ob-
jects and manipulations for microsound synthesis in its
sound synthesis framework. After addressing three prob-
lems in existing computer music languages, which are (1)
insufficient support for dynamic modification, (2) insuf-
ficient support for precise timing behavior and other fea-
tures with respect to time, and (3) difficulty in microsound
synthesis programming, we describe how the three core
features of LC correspond to these problems, together with
several code examples. Since the design of LC is sig-
nificantly motivated by the problems that hinder creative
practices in computer music of our time, such a language
design can contribute to both academic research and cre-
ative practices, at least as a design exemplar.
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ZH\ T, LC D 3 DDFH, (a) prototype-based pro-
gramming, (b) mostly-strongly-timed programming & %
DB EE T 2 HRE, BL W ) w4 7ayy v
F oY 2ADRHDATY 27 F ROBRIEDO S ES
K7 L — LT =7 ~DFEED 3D DFHEI B S ¢ iR
T 5. &R, KB EIIARINALEFEHSICK
% i I FOil S 40TV B RFFED AT 0 25 % FEIX|
LTEINIZLDTH S,

2. BEOOYE1—9BRICKII S 3 DDME

2.1. BNEEDYR—bOR+5E

Bl Z1F, WHEEH ST 3 Live-coding [4] DifiZET
&, HIcTa 7 6% AT =Y ECEITTSETTIE
L, BicEagro7ra 7 20T v X 8%
EET L EDHNAREFENaA V2 —FHFRDY A
T AT Z 55 5HEH3% >, Kaltenbrunner [12] 5 D
reacTable > A7 AL TlE, BELERES 2 —LDEZ v |k
7 — 7 PHZEPICENNICATH I NS,

DI AT LDOENNLEB X7 L) X
L EFEARDOML X)L DIZEWTHEL INTVS,
LU DBFED 2V E 2 — Y EREEICE
WX, A ELEIT L TY RLPFELERL R
LOMGTH L IRED SICE W TEINAELSATHE
THo7: 0, BRLEHIRBE SN THBEENIS N, F)
WAEEZBICHT 29 R— DA +5E1E, avEa—
YGRS ORGICEB VT, EHITXREMEE 2> T
T3,

g%EEUﬁﬁWﬁ%ﬁmtﬁﬁEﬁ?%ﬁ@@*+

RN 22 IR 2 BE O D IERES 1Z Y AL DL LT Tl
54, BELHROLANIZBWTIA 707V R
YRV AL EZTIBICOEERERTH 508, T
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Ea— Y FREEPY AT L THBNZIESHoR
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AVE2—FEH AT LB WTY Y VL — M H
R (bLIFaryba—LL— b HEEDOLDH D B
;mﬁﬁﬁ b & IEMEZ RFRIIVIR 2 B\ 2 28T

%L EITE, —AYICIZVHW B the ideal synchronous
hypothesis2 WD BECERE NS, Ciuzay l:°
2= FER AT LOFIHEICB WL, H DRI

TP a—=IVENTY AT DT D 5 £ Th Eﬁ
ﬁf"ﬁ’&@?)ﬂ‘ Ty 7L, TERENHEPLNE

IZPR> T TR A5 E D & T, mﬁﬁ/7w@ﬁﬁ%
19 &I b THRIREN T35, Larl, Y7
T A LEEEREMD I {fTH I, ROWMhyrv 7
L ERE ED Ty F 54 v Icllicd ) X 5 1Ak L
W7 54 X’\kiﬁ%hbfﬁ:%&b)kblﬁﬁ?ﬂﬁﬁiﬁz’))-\f
SENTWAESD, ZDkIH7% synchronous Iy 7 a—
FORCH D AV E 2 —FFW AT LT, HY
DPIPD Y AT BETINGE, BELMOT Y ¥
54 VIR %bﬁ“éfﬁ[‘iﬁiﬁi‘ﬂﬂﬁﬁ’\]&:#XA"‘/ Fd
5L,

¥ 7z, IEMEZRFEIR 2 B 2 fR5ET % 2B
Td, start-time constraint *° execution-time constraint 7%
E, RICBET 2 E L WREDS BRI N TR o
fb ERINTOTONTTHEDIDELESTVS,
FORMULA [1] &, #@EZDO MIDI > v A Eav
Ea—¥THRINLSEE - AT 2D0—FHIzBWT
BB E L TEENTV LD TH 208, BIRTH >~
T L— bﬁﬂ@ﬁ%&%%%wtkso,noi
I REERED T RIETHEIN TV S L DIE R,

Z D728 sychronous ZIRBFEVIC K B v 7L L —
%%&?@E%&ﬁ%%ﬁ%%w%%%oo,:mi
IR DD E IR HE) HONIPEH T LIZ
BfRoav ¥ a—2EREiEIC Tﬁhtﬁ@f%b
FEIRRICZ ZICKRFEICBE T 2 L Wiz ED L 9 |
ﬁ&ﬁ&#kw5@%0&o@%ﬁ?&§ﬁ%T%6

=3Ih

[=g(=}

a

23. ¥4 7AYOVK -2y
DHLE

2=y b PR —F DAV T, ZFNHHHI
NG FHCFEFRTH o 7 7 Fn ZHERIC X 5 FEE
ZHEITbnRTH 3 LG, ZOREE
TdH % Mathews & DIt Z2 AT HEZULHDTH B &
ETRNEE - I E B /A ey A NV
Al DMTbNnDiX, 2=y bk PR L —FDE
Bk DSEDICEG, 790 P & 2 S EAR & i

RALL MBI ISR 2=y F - P2 XL —F D

ADTFATIIVT

ave S hE, NELBEDRFVHWICEEZD G0Ee
HBOEELBRT 2~4 707V F -y 2D

a7 MRV OERHL, ZDLkI X vy
7E, filohoef sy K-> v A0E
Py b Pz L —FYEETHETLIRIC—Y

DaA—FDL)LIZEWTIE, abstraction inversion[2]

! #1 2 1F ChucK [10] % LuaAV [9] 2354385 %

2 “Ideal systems produce their outputs synchronously with their in-
puts” and “all computation and communications are assumed to take
zero time (that is, all temporal scopes are executed instantaneously)”
[3, p.360]

3H1Z1E, Mathews 5132=v b - ¥ 2 %L —4%122\>T “concep-
tually similar functions to standard electronic equipment used for elec-
tronic sound synthesis” % #§2 & Gl L TW> 3 [6, p.15].
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LV, EhELVORZHAGDE T, KL
NOMREZRET 2 L), V7 b= 7EFEICEBIT
A7VF R —vD—2L LTHN, 22—l
TIFANRN—F L7 T 73307« AF L%
%?L%%ﬁf%ﬁw:/t;—&a%aﬁ BT
3, A 7av v FOMEIC BT 3 AIEN AR %
M%Lﬁib<&ma%zemé.:@i5&1;v
[ RIS PR A== i (/8 = & iy IV SRR 2
ADFEEDFEEIZBITF B 70 s S I v S ORI IFE
RINIZRERETH S,

3. LC IcH T3 32D
3.1. ZANYA T - R=X - FAYTSIVY
%—:‘ﬁ

E%ﬁl:lm:l j'Z)EE/JﬁE@'ﬁ'/T\‘— ]‘@T‘I“

EZBLTHD, LCIZ70 by A4 7 - R— kaTT
YA &N, TabdA4 T R=R-Tarss3307
[511%, A7Y=z7 bEACESS 7 u 73072
VTN THD, VIREVHITFU TS L— ot T
PV RERTEI IR R—ZADEEELE D, 7
OhryA7  R=ZADFF/BIZBVLTL, FT47V=
7+ %ED S (ex nihilo) b L A 7P =7 by
D= kDKL, Z20BZFDOF T2V FIC
L THRIZBER XY v FOBMPEEZ, fho
A7 MCHEREZTIITAS, Z0Xk)

(S =
HizkoT7a b ¥4 7« R—ZADEEIZETRICE
2B TEIC X D RIS IESTE 5,

LC T, fElh 7Y XaicBlb 285 icB8\W»T,
—fD 7O R I L TR—AEHETOL T 27 L
HoRE % B3 Table # HHE L T35, FEEK
Wb ZHFTITENTIE, 22y F P2 R L —FEEE
BT BNy FOHREZIZ-THDA 7Y =7 b Parch
ZHABELTWS, ZHRMFOHTREINLG A 7V =
7 FOEEINES Z LIk B, HlZIX, A7V 2T b
Zrua—vinrEE —fRo7ar¥ AT R—2AEEE
DA 7Y =7 b TlE, V> a E— (shallow copy) 23{TH
N, ZOXA7T 27 bMBWRL T34 727 b
Tlkavr—&nd, Hic k&bﬁﬁwﬁ%%ockﬁ

%\, E£7z, delegation DFEREG 1IN E SN TV 5
—7, BEARICEVWTH Ly F2aE—7 23

%@A/%#%%wa%lw/b Tl =R
P78y FHar— LR EERS L aE—
(deep copy) DSLEETH %23, —/5 T delegation DHERE
ERECRIEE Shdp o, ZORBERI NS HEOE
W SHIOA 7Y 27 P EZENENHEL /2. Figure
1 & Figure 2 ICZ N Z N Table & 77 = 7 &, Patch &
7Y =7 ORIz,

3.2. Mostly-strongly-timed programming & % D1fthiF
IR HHRE

RIS R 72 X 9129 v 7V L — b Ao I 2 B %
synchronous %4k 2 #\ > 12 X > CHERRHH LTI IREEDS
TE5—0, REO»H» 25 A7k 5RO EEE
EOERH LD Ty F7 4 vIHichbiiiD, &
BRI EDEL 2HEIEEL D 5. ZOMEIR
IREIDOEFEWIHRD Ty F 74 v DHiI, &ETDYAY
DUPEDIE D O GBI 2 i 2 HEHNSTE T 5 C
&1 w9, theideal synchronous hypothe51s DIEALIR
LB BBUCERKLTLE) C LIk DL bok
DT, HffiIZ synchronous &#ﬁ%ﬁblO}Ji’E??“)) A
T L TIEIAEES A A[RETH 5.



Jei =S AR &
prototype-based programming example (1)
0l1: //create a Table object
02: var obj = new Table();
03:
04: //then, attach values and functions to its slots.

05: obj.name = "John";
06: obj.age = 34;
07: obj.print = function(var self) {

08: println("name :" .. self.name ..
09: ", age:" self.age);
09: };

10

11: //calling the method.

12: obj.print (obj);

13: //alternatively, use —> operator
14: //to abbreviate ‘self’.

14: obj—>print();

The output from the above example (1)
name :John, age:34

B 1. A Table object example in LC.

prototype-based programming example (2)
01: //create a Patch object.
02: var p = new Patch();

03:

04: //store unit-generator objects to its slots.
05: p.src = new Sin~ (440);

06: p.dac = new DAC~();

07:

08: //build a connection between ugens.

09: //then, compile the patch to update the graph
10: p->connect(\src, \defout, \dac, \defin);

1l: p->compile();

12:

13: //start playing the patch immediately.

14: p->start();

15:

16: //wait for 1 second and change the frequency.
17: now += 1l::second;

18: p.src.freq = 880;

19:

20: //swap a sine wave osc with a phasor.

21: wvar tmp = p.src; //store a sinewave osc to tmp.
22: p.src = new Phasor~ (440);

23: p->compile();

25: //restore a sinewave osc after 1 sec.
26: now += 1l::second;

27: p.src = tmp;

28: p->compile();

[® 2. A Patch object example in LC.

% ZC, LC Tl synchronous programming O —ff
Td 5 Wang 5 D324 L 72 strongly-timed programming
[10] ZRAR L, SmERERIC 72\ > T synchronous 74k % £
\» & asynchronous %4k 2 #EV O THRIIC 2 v 7 %
A b %&AA v FTE % mostly-stronlgy-timed program-
ming % $2 % L F%E L 72, mostly-strongly-timed 7% 71
7 SATIE, AL v s asynchronous 7% 2 ¥ 7 ¥ X k

CH 256, BEEROT Y P74 VICHicd ) &9

IR IR OME T TON T L b, A7 P a—

FIIERDY A SV I TAL Y FE 7Y v 7 Mg
T%D,ﬁﬁ@ﬁﬁ%k@#ﬁﬂiﬁﬁiﬁ%§k6
TIlzkIonsbnLis, —JT, asynchronous
a7 XA MTIRZD X ) IR 22 im B R 3T
PHHEIN TV &Y, FmilRHEDMER ) 5 &)
ZEIkD, TDXIIKH YTV L — P ENOIEER
EfE% synchronous 2 ¥ 7 F A MZBWTIT\, KD
% ¥ A7 1% asynchronous 2 ¥ 7 F A MZfT9) £
9, 7a7 7 AUTOWRNa Y TFX R Lot hEZ
kD, FRENRIR2\BODOIEMS 2R LoD, I
MDD 8 A7 by 77579 FTETAMREE L
7z. Figure 3 D 2 — FHINZ/R Y X 9 I sync & async D
2ODFRERIZE D aY T XX DAL v FHHIRI
b,

% 72 LC 213, start-time constraint, execution-time
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constraint, timed message communication 7% &', KREfE]IC
B L 72 BB I Tk D, s bimdkiic
BEOTH ¥ 7OV TOIEM IR 2 2 H3MREE S 1T
W5,

A mostly-strongly-timed programming example

01: //create an array with 16 elements.
02: var wsarray = new Array(16);
03:

04: //load 16 sound files (snd0.wav-sndl5.wav)
05: //and then perform waveset analysis.

06: //this can be a time-consuming task and
07: //may suspend real-time DSP temporarily.
06: for (var i = 0; i < 16; i += 1){

08: LoadSndFile(i, "snd" .. i .. ".wav");
09: wsarray[i] = ExtractWavesets(i);

10:

11:

12: //‘async’ block switches to the asynchronous

13: //context. The current thread can be preempted
14: // even without explicit advance of logical time.
15: async {

16: //the below code performs the same task again,
17: //but doesn’t suspend real-time DSP this time.
18: for (var i = 0; i < 16; i += 1){

19: LoadSndFile(i, "snd" .. i .. ".wav");

20: wsarray[i] = ExtractWavesets(i);

21:

22:

23: //switching to the synchronous context.

24: //'sync’ and ‘async’ can be nested freely.

25: sync {

26: //perform some task that requires

27: //precise timing behaviour here.

28:

29: //the async context (lines 15- ) is recovered.
30:

31: //the end of the asyn context (lines 15-30).

B 3. A mostly-strongly-programming example in LC.

3.3. 747Dﬂ¢JF IVEIVADEDATI Y
FRIRMEDEESH 7L —LT7— 7 \OHRE

Wﬂ@ii KA TCRFEFD L=y PP 2L —%F
BaAlc T%?%ﬁD#W/F-V/k/X@7H77
V74 @.%ﬁé‘ % abstraction inversion IZ X 5 b D & >
ﬁﬁbfué,:@ﬁﬁﬂ%dg,v47n#ﬁy?

WEEEM T4 7Y 27 b EBET 2 E2 EER
HTtEs74 7 7V 2 L 7. Mostly-storngly-timed
programming 2 & % fE{# Z R R ol m 2, <
NGDF T2 b 7477V J:%'F“'k{”i;?% 7
oYy Y FOREE R a—) V IDSREE 70 D), H
ﬁbhw&xﬁ&@%ﬁvaQH%%ﬁﬁAbﬁf
T hEHE LR RY, WIKT AR e
EEOD»H-T, w4 7uY 7 v P2 vy ADML %
Bz 77 30 7352 et Irot,

) L LT, waveset harmonic distortion 2179 7'1
"7 1% Figure 5 12789, Waveset harmonic distortion
t ¥, Figure 4 IZKIREINTWwB K9z, #F LR35
b & D Waveset! DN—F =7 ZICEAFITLEDSL
12, b D Waveset D LICELRAEDLELZHDTH S [8,
p.207]). 2D a—FHITIEFAR—=ZADBRD»SH 2 N —
TV AFEFTEAMALLD, LCTlEeA 7uy 7
EBR L A ER EERTE A7 b ETA
T2V Ay FERAB LR, BicH@Le
FTWVLaA—FELTEHBTEL L) ITHE>T0D, [k
@ a— F % SuperCollider % Tt L 72856 Z DY 2 f5
DEZLRDS, Pbind % @fﬂl%ﬁ%{@ SuperCollider ¥f
BORBEBEE T 255 —y - 79 2 7 k%I

4 a waveset is defined as a “distance from zero-crossing to a 3rd zero-
crossing” whereas wavecycle is defined as“wavelength of sound, where
clearly pitched” [11, p.50].

S BRI 2 — Pl

[7, pp.49-50] IZRENTW 2
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(a) original wavesets
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 then summed. | ’.‘ T
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HHH
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(d) resulting waveform
(b)2n¢ harmonics (c) 3r harmonics

—

[ 4. A pictorial representation of waveset harmonic dis-
tortion.

01: LoadSndFile(0, "/sound/samplel.aif");
02: var wavesets = ExtractWavesets(0);

04: //weights for 2nd harmonics
05: var weight2 = 0.5;

07: for (var i = 0; i < wavesets.size; i +=1 ){
08: //create the 2nd harmonics

09: //from the original waveset.

10: var ws = wavesets[i];

11: var harm2 = ws—->resample (ws.size / 2)

12: —>amplify (weight2);

13:

14: //schedule the original waveset for output.
15: PanOut (ws, 0.0); //0.0 is the center (stereo).
16: //then, the 2nd harmonics (two in series)
17: PanOut (harm2, 0.0);

18: PanOut (harm2, 0.0, offset:harm2.dur);

19:

20: now += ws.dur;

21: }

B 5. A waveset harmonic distortion example in LC.

SRS -

ZM%’C&;E, E}Eﬁ@j‘/t";— E|7I<|:|ntl j'% 32D
M, (1) BAEEDOY K — DA+ é(mﬁﬁﬁﬁ
MR 2 28 EIRFENCBI 9 2 R oA+ S, 3) =
A7y R v 20707 IV TOHL I
ZEUR-ONTL, ThEHLV TR Y T Iy IO
APIFEOER L LT L B ABGEI SN LCERRICE VT,
ZNo 2R 25 3 DDFH, (a) prototype-based pro-
gramming, (b) mostly-strongly-timed programming & %
DRI BT 2 H8E, B XK () v 7 a7
Ry vy R20RDA 7Y 2 7 b ROEEOEES
L7 L — 57 =7 DA OME 2 BT, St
BT B RIS D T IR AR DT B TH 2
973, LCIZHBIF 5 I o DR3 a v Ea— g H3Eic
BB AERE L O SEEGEHOEIc 2w L T, 4
BRELTHA v O—PlE LTHIETH D EER S,

[/

5. Z0fth

AFETIER=YBOHIR2 S, LhESERT D&
ETERDPoLD, DEFADFHL ([7]7% EDhttp:
//nus.academia.edu/HirokiNishino 647
Yu—FaRETH2) ICE8LTX DR S T
7%, BRETHIUEZLSEZSHL TR E 0,

IRl
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INTERACTIVE PROCESSES
BETWEEN SOUNDS AND IMAGES IN VISUAL MUSIC

J4a7)b e

Sa1-IvIIc8IIB

BOVREAA-IBDL VTSI T4T - 7OLR

Wilfried JENTZSCH
Composer/Visual Music Artist, Electronic Music Studio HfM Dresden (i.R)

YEdhZ /74 P 27 -

=

Audiovisual composition becomes more significant in our
today’s artistic creation. Visual artists on the one hand,
and composers of electroacoustic music on the other hand,
are more and more involved in the visualization of music.
The term Visual Music distinguishes it from other audio-
visual works in the way to give images and music the same
importance. What does it mean, the same importance in
both media?

Maura McDonnell wrote as follows:

“A visual music piece uses a visual art medium in a way
that is more analogous to that of music composition or per-
formance. Visual elements are composed and presented
with aesthetic strategies and procedures similar to those
employed in the composing or performance of music.”[1]

Andrew Hill, composer and visual music artist, has
given a definition about technology-based Visual Music
relating to electroacoustic music:

“An electroacoustic audio-visual music work could be
defined as a cohesive entity in which audio and visual ma-
terials are accessed, generated, explored and configured,
primarily currently with the use of computer-based elec-
tronic technology, in the creation of a musically informed
audio-visual expression. Electroacoustic audio-visual mu-
sic works explore the possibilities that the combination of
their two time-based media (sound and moving image) al-
low.”[2]

In this paper I will present three conceptions of my au-
diovisual compositions and discuss about some remarks
revealed through them.

HEWUR/ER (audiovisual composition) D ER I35 H
DIEDEMAEICE S TE ) ~HEZERDD Lo

Sa—Y v I7EXR, LNV AT VENHE

BREINAREFERAY A
THRTRS, I TIRBYERIER, 5Tl i
RS, £ 9T HROMBRMICEHD 2 LI Ic%k-

TWw3, Y4¥a7)b 2a—Yy 7wk 4
A=Y EHRREICFAFEOREI ZH5A5 EWIHLED ST
Lo T HEPEAEN & —FZH L TW» 5, WD A
TATIBOTHASOHEEI ZROE W) ZLFEH »
IERZDIZS ) >,

T4 a7 22—y 7 {ERK Maura McDonnell
FERDEH)ITHFE DTV

“A visual music piece uses a visual art medium in a way
that is more analogous to that of music composition or per-
formance. Visual elements are composed and presented
with aesthetic strategies and procedures similar to those
employed in the composing or performance of music.”[1]

EHE T4 P a7V » S 2= v Z7{ERD Andrew
Hill 3 FHEE RIS e 77/ ny—%2 =2
ELET4PaT s 22—y ZIZO0VTROERN
FzELTw3

“An electroacoustic audio-visual music work could be
defined as a cohesive entity in which audio and visual ma-
terials are accessed, generated, explored and configured,
primarily currently with the use of computer-based elec-
tronic technology, in the creation of a musically informed
audio-visual expression. Electroacoustic audio-visual mu-
sic works explore the possibilities that the combination of
their two time-based media (sound and moving image) al-
low.”[2]

COHFTEIRAZGDOF =T 14 AT 1 ¥ 2 7 EMD
5= D2DOREIZ OV T L, 24 s OffilfE 2@ L <8l
NZHEODPOREI TR E ROV T L T <,
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1978 42> 5 1981 I THIE Y @ CEMAMu
(Centre d’Etude de Mathématiques et Automatiques
Musicales) @ X > 7N—7Z 5 7z, lannis Xenakis %% UPIC
(Unit é Polyagogique Informatique CEMAMu) % B 7%
LTED, WS T 774y 737 Y FITO0TOWE
2B o7z, Xenakis IZ & % UPIC ¥ A 7 ADEFKITT
ROMED TH S ¢

“UPIC est un syst ¢ me informatique conversationnel
unique, permettant de composer de la musique en dessi-
nant sur une table & dessin € lectrique de grandes di-
mensions, connect € & un mini-ordinateur.”[3]

90 FEUIG D, FL ATV HERFAELHELAY AP
£ & L CHIF GraphicComposer DB % 61 L 72 [4],
GraphicComposer (& Macintosh 2 v 2 —% —D 7%
IChiFE SN, MIDLZALCY 774y 2% 7Y F
ChI7YRA7 4 =05V 77T THY, wNF R
T4T7 Ty T—va vy ElofifEy -1 e LT
fEISZGEIC X > Tl 47z, GraphicComposer 12 (3 %
DABEN T TH DML R TV AT 4 — A= ay
DIEREDEIR S T, IkSHEELDIZTI T —, T
g P2 P Ly g MR DEiffs, 2 LT Ihs ofng
% KPR & BEIERUC L CEE T & 23BN D - 7,

IN6DY 7 YIRS E S ERERE S A -
7774 ANVEHE - o fED T Y — Lo, 2D
WD &, BWE~NOF7- LT A T T3 EN /- Hl2iF
HADX 72 EHIC BEEMMA 2 2L, 2o (FeA
A—YEo) “EAERAIERRIRLE T4 Y27 -
Sa—Yy 7B Ztithot,

2. WEBDA—T 1 AT4 Y27 M

RDFA =T 4 &7 4 ¥ a7 MEGHDHIT, =R
2R L7,

e Imagindre Landschaft (Imaginary landscape) [5]
e Kyotobells [6]

e Particle world

2.1. Imaginire Landschaft (1980/2009)

UPIC %> CEREWEEZFEY T oiciz, w7
Py PRV LTIV Yy 7 R—=FIZid, XD
NIR=F =TI 7 4 ANVIZERINEL TRES
B\,

o L LTy
o HNMEZINLF—DELELTDOT YT Fa—

— 18-
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o HuXT T )L ¥ — (pppp # & ffff £ T)

e 65Hz 7» 5 2093Hz % COHifii L 7 A B %
Fo X bicphEanzey F

o MKHEIREI] Y il GEAT T IE LD SAIZID )

o et FIMKEING T (1 226 60 #5)
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2.2. Kyotobells (1994/2006)
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2.3. Particle World (2013)
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ACOUSMATIC COMPOSITION “RYOJINFU”
IN 3D WITH THE ZIRKONIUM

a3 a3
Hiromi ISHII
TERRNEEZEZMT T AT 2 — - A Loy

International Kunstakademie Heimbach
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v0.9.38beta Z i\ “RIGZEMIC K 27 7 AT 4 v 7
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How to structure the real acoustic space is a question
which arises in early stages of an acousmatic composition.
The author started her interest in sound space-designing
through some work-experiences as a composer for theater
performances, and as a sound director for exhibitions of
cutting-edge technology . This interest has been devel-
oped later in composing acousmatic works with various
multi-channel conceptions. 2013 the author has been in-
vited for her second residency at ZKM to compose Ryo-
jinfu,  the 3D acousmatic work, using the 3D sound dif-
fusion system Zirkonium v0.9.38beta invented by ZKM.
This article explains its compositional process.
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2. ZIRKONIUM & KLANGDOM
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SUPER COLLIDER 0000000 (5)
SUPER COLLIDER TUTORIALS (5)

oo noog
Chikashi Miyama
oooooooono
Hochschule fiir Musik und Tanz Koln

oo

00000000000 0000ooOoo SuperCol-
liderSCO) DD OOOOOOODDOOOOOOOOOOO
gobooooboboooobobooobooboboboo
gobooboobbooboobbooboon

SuperCollider(SC) is a realtime programming environ-
ment for audio synthesis. This article introduces SC to
musicians and media artists who are planning to utilize

the software for their artistic creations and researches.

1. 0000o0o0ooDooooogd

oOooOoooooo Scooooooouooooog
ooboooobooooMIDIOODOODODOODOOODO
cooboooooboooooboooooobobooooon
cobobooooobooooobooooobocOoooon

9|
10 |
11 |

2|
3
4]
5|
6|

}) .load;

Synth ("combined") ;

00dogouoouoooo20000000a0g10
0000 0O0doneAction:2 0 EnvGen 0O 00000
O00ooo0ooU0pDoOoooooUooooooo 10
O0000 SynthOOOOOOFreeVerbO DO OOO
godoooboooobooobouoobooooboooo
ooo

000 2.SynthOD0O0O00O0O00O00O0OOO

1|Routine ({
[60,64,67] .do{
arg pt;
Synth ("combined", ["freq", pt.midicps]) ;
0.1.wait;
}
}) .play

7|

O Bus)OODODODDOODODDOODOODOOODODOOOD

gobooboobooboon

2. 00O00oooog

oo0ooO0o200000000o0gsScoogodg
UgenOOOOOOOODOOOOOOODOOOODO
SynthDef 0000000000000 OOOOOOO
OO0O0O0oDOo0ob0ODObOOoO0b0 100 SawD OO
gbobobooooobooboboooboooboobo
O00000o0oooooOooOooooog SynthDef O
000 combinedDOOOO0O0O0D0OOOOCOOOOOO
O SynthDef O Synth OO0 000000000

000 1. Synth OO
SynthDef ("combined", {

arg freq=440, amp=0.5;
e=Env ([0,1,1,0],[0.1,0.5,0.41);
g=EnvGen.ar (e, doneAction:2) ;
a=Saw.ar (freqg, ampxqg) ;
1=LPF.ar (a, 700) ;
r=FreeVerb.ar (1,0.5,0.8);
Out.ar (0, [r,r]);
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00000000 RoutineJ 0000000 0OOOSaw
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0000000000000 UgenO0O0O SynthDef O
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doneAction:2(2 k) 1#b#12Synth% figfix
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0000000 SynthDef 0000000000000
o000 SynthOOQOOOOOOOOOOOOOOOO
0000 SynthOOOOmMOOOODO SynthOO OO
000000 SynthOOOOODOOOOOODOOOOO
coooobooooooooooboOoobooOoooon
O00o00D0o0oo0ooO0Dooon SynthoooO
SynthO0OODOO0OOOOOO0O000O0O0DOOOOOO
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SynthA
“pr
262 Hz.
ekt TR
SynthB
=t - AE—A—~
330 Hz.
Bus 50 SynthD
SynthC
wyn
392 Hz.
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3. 0opooooo

oooopbAWOOOOOOOOOOOOOOOO
gobooboooboboobobobooboboboo
goSCcOoOooooooooooooooooooogo
o0o0oo0o0oo0oO0oooooooooooooon
SynthO0OOO0OO00O0O0O0O0O0DOOOO0OO0DOOO0OOO0
000000 SynthOOOOODOOOOODOOOOO
goooboboooboobbobooooooooobooobo
ooooooooooooooooloooooooo
Synth0O00O00O00000O00O000O SynthO 100
o0oo0ooOooooo0o0oooo0ooOooooon
good

ooo300oo1oooooooo0oDoOO000O
00000000 100 SynthDefO combined 0 0 0 O
0000000000 000000MmMOO0000 SynthO
generate D00 0000 SynthOprocess 0000000
goooooogo

Ooo0 3.0000
SynthDef ("generate", {
arg freg=440, amp=0.5;
e=Env ([0,1,1,0],[0.1,0.5,0.41);
g=EnvGen.ar (e, doneAction:2) ;
a=Saw.ar (freq, ampx*qg) ;
Out.ar (50, a);
}) .load;

SynthDef ("process", {
i=In.ar (50);
1=LPF.ar (i, 700);

12| r=FreeVerb.ar(1,0.5,0.8);
13| Out.ar (0, [r,r]);
14]1}) .1load;

000300000000 00000000000
goooooowOOoooOooooooooooooo
OO0 ImO0OO0OO0OSCOOOOOOCO0OO0OO0O000O0
coooooooooooooooooooooooo
00000 OSynthDefOl generate 1 D 00000000
OO0 Outar(50,a) 0000 S000000COOOO0OO
SynthDefOprocess 00 50000000000 In.ar(50)
goooooooooooooOoOO0O0O0O0O0o0o0o0n
cooooOoOoOOouwar0DOOOOOOOOOOO
0000 UgenOO0OOOODOOO0ODOOOOD 200
goooooooooooooooooooooooo
Ooooo0ooo0o0o0ooo0oooooooooo00 Out
coooooooooOooOOODOOOOOOOOOO0O
ooo

o0ooooo20000 SynthODOOOOOOOO
goooooooooOooOOOOOOOODOODODOO
oo0O0O0O0O0000000000000000000
00000000000 3000precessO 0000
OOOOOgenerate 0000000000000 400
U0 processO generate 0 DU DO0O00O00OO00O0ODO
cooooooooOoOOODOOOOOOOO0O00O
cooooooDoOoODOOODOODODOO0OO0000000
Synth 0000000000000 OO0O00000O0O0
goo Sscoooooooooooooogooooo
gooooopooooopoopoopoooo

OO0 4. SynthOOoooQ
1| Synth ("process");
2| Synth ("generate");

i ™
OD0000D0DO0000DO0000D.aO00D0DDO0OO00OOOkr
Oooooooooooono

.ar(bus, numChannels)

kr(bus, numChannels)

bus--- 0000000000 DODOODOOOOOODOOOO
numChannels--- 000000000000

J

000 s00002000000000000000
coooooooood

oo0Oo s . 00o0o0o0o0o0o0o0o0oooa
1| Synth ("process") ;
2| Routine({
3‘ [60,64,67] .do{

4 arg pt;
5] Synth ("generate", ["freq",pt.midicps]);
6| 0.1.wait;

7] )
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8| }.play

oOoo20000500000000000000
OooOoOooooo00 UgenOOO CPUODOOOO
0o0oo0ooooo0 300000000000000
000000000 UgenODOOODOOOOO CPUO
0000000000000 000OSynthDef 000
cooboooooboobocOoOoboooobooboOoooon
oceUOOOOOO0OODOOOOOOOOOOOOOO
cbooooooooboooboooboooboooboon
ceuOO00OO0OO00OO0OOO0ODOO0OODOOODOOD
O000000000000000 SynthDefO0O OO0
ooooooO 1ooooooooooooboooono
cooooooooooo

SEIVCIN 1.53% 2.38% 24u 3s 2g 59d
I 0.75% 1.39% 22u 4s 2g 61d

03.00020)050)000ooooooo

000000 500 0doneAction:2 0 O O FreeVerb
do000o0ooooOOobDOobOOoo0oooooooobOOoOon
000000oooooOOooooboooo

4, 0O000D0OO0OO0OOOOO

® O O &8 Stethoscope
Audic v 50 1 Tracks |~

“ ?%i—\‘j_z)li\X@?&
— RYIDNAES

04 scope 000000000

00000000000 00000000SynthOO
oooooooobooooDooOooobobo0oobooOooooo
ooobooooboooooooooboooobooogoon
O0e6e0000000O00O0O0C0OOCOO SynthO
O0O000o0OO0OO0SCOO0O00Oscope00OOOOO
0000000 400000000000000000
Oo0o0O000D0O00Oscope0 000000 100
oooooooooOobo 20000000000000
OOO0OO0OOO0OO0OOOscope(1,50) 00005000001

ooobOoooboooboooooboocOobobooOoon
cooooGeuloooooooooooooooon
oooooooooooooocoooogoo

oo0e6.0000000000
1| Synth ("generate");
2| s.scope (1,50);

5. bo0o0oooooooooooooo

OO0 300 200 SynthO generate O process O
oopooOo sooooooooOooooooooooo
dodooooooooooobbobooboooooDon
gooooooooo
OO000oO00ooOooooOoo 12800000 000
127000000000000000C0O0O0ODOOOOO
000000000 oOOoobOoOobOoOoooOoo 700
dddoooooooooooboo

000 7.0000000000000
1| s.options.numAudioBusChannels=256;
00307000000000000000000
ooboodobobooboobobooboon
SCO0O00DO0ooU0DOooooDoooooDog
000000 00O0oOoOoOooooooodo HbMI OO
doooooooooooooobooOo 8000ooon
00000000 80O0oooDooooooooogo
l6 0000000000 D0D0OO0DOOODODOOOOO
dooooooooboboboobbbooooooooooo
0ooooooo 8sgooooScooonooooon
gdddooooobbbbbbbuotoudooooo
goboooobbooooboooobbooogo
0800 200000000000000000

goo 8 0ooooopoooo
1| s.options.numOutputBusChannels.postln;
2| s.options.numInputBusChannels.postln;

oooooOooOO0oO0Oo00ooOoocOoooooDooon 2
goooooOoUoUo 2000000 ooooooooo
oooboooooboooooboooooboonooon
ooooOoooboooOooooocooobooOoooon
OScooooooooooobooooooooonoono
ooo0000000o0oooopoooscooooon
gooooooooOooooopoooooooooo
ooooo

o009 00ooooooood
1| s.options.numOutputBusChannels=2;
2| s.options.numInputBusChannels=2;
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oooo9ooooooooODOOOOOOOO?200
oooooooooooooooooo scooooo
000000000000 2000000004000
oooooOoobOoobOoobDoobOoOoDbOoOooo
cooboooooboooooboooobobooooon
oooooooooooooooooscooooono
ooooooNODOOOOODOOMODOOOOO
ooooOooooOoOoODOOOOOOOOoddOdON-10
Oo0o0oooooO0oooooooomNOOOoOM-10
coobooooobooboobobooooboooooo

Out.ar(0) Out.ar(1) d d Out.ar(4) Out.ar(5)
[ A R B

Bus| O 2 3 4 5

i{

vy oy
0Ss0008UI0O0UopooOoooooooooon

In.ar(2) In.ar(3) In.ar(4) In.ar(5)
SoundIn.ar(0) SoundIn.ar(1) SoundIn.ar(2) SoundIn.ar(3)

Pt -

oooooo9o000o0O0oooooooooo
00000000 200000000 5000000
000 1000000000000000000200
3000000000000000000000000
0000000000 9000oo00oooooon
0000000 100000000000000000
00000000000 0000D0000000000
o'o

Jdo 100000000000 000
1| SynthDef ("bypass", {
Out.ar(0,In.ar (2, 2));

3]}) .1load;

5| Synth ("bypass") ;

oobooooooooooooboboooooooooon
coobooooboooooooooboonoooogoon
ooooooooooooooooo sScoooooo
0000000000000 00SynthOOOOOODO
ooooboooooboooooboooooboboooooo
ooooooobooooo

oooooooooooboooboooooooboooon
cobooboooobooooooOoboOoOooboonoOoon
0009000000000 00D00O000O0O000
ooboooooboooobooooboooooooDbooDo
cbOobooooboooboboooooooobbooDbOon
Ooo0o0ooooooooooo 3200000000

'l 0000000000000 000000000000000
goooooooooooooooooOoo

oy

bypass

g4 : (13

Bus Synth Bus

06.000 100000 SynthOOO

00000000000 0000000000W0O0O 1
00032000000000000000000 In0O
O00oo0o0o0ooo00oo0o0ooooooooo
ooo0o0o0oo0o0ooo0o0ooooooooon
gobooboobobooobbooobooboooboo
O000oO0oO0oOoooOoooOoOo SeundinOOOOOOO
Soundin 0 nO0000000O00000O0 UgenO0OO
O0WmO00O00000C0O0ODOOO0OOOO0ODOO0OOO
oo000ooo0o0ooo0oooooooooooooo
goooboooobobboooooobboooooo
gobooboooboooo

6. 200000

krDaO000000 2000000000000
OCO0O0krO0O00DO0OO0O00O0DOO.arO0000O0OO
coooOooobOOooOoOoooOOobocOoobOoOoOooon
ooobooooboooooooooboocoooooon
UgenOODOOODOOOODOOODOOODOODOOD
gooooOooooooooooooo 11oo0 SinOsc
coooooooocooooooooo (LFo)o 20
OO0 Sin0OscO000000000O000O0O0O0O000OO
ooooooooooobogo

oodo11.0o0o0o00000040
1| SynthDef ("vibrato", {
2| 1=SinOsc.kr(5,0,100);
3| x=Saw.ar (1+440,0.5);
4| Out.ar(0, [x,x])
5|/1).1load;
o
7| Synth ("vibrato");

SCcOoOoUoooOooUooooooUoooooog
goooboooobobboooooobboooooo
goboobooboboobooobooboobn
OO0O0OD0OD0000COQutar 00000 OutkrODO0O
OO00d00 120000 1100000pDoooogo
ooooooDOo200 SynthOOOOOOOOOOO
gooo

000 12.00000000000
1\Sy1’1thDef("lfO", {
2| 1=SinOsc.kr(5,0,100);
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x=Saw.ar (1+freq,0.5);
Out.ar (0, [x,x]);
}) .load;

3 Out.kr (0,1);
411) .1load;

5

6| SynthDef ("saw", {
7 arg freq;

8 1=In.kr (0);

9

0

1

OO0 SynthDef 0 OO0 130000000000 12

SynthOl/foOOOOO 10000000 SHz.OOOOO
ooooO0oooOooooooooocoooonononnon
O000O000SynthDefOsaw 0 00000000000

000000000 00oooooBbo0O0o0o0 Sawar

000000000000 freq00OO00000ODODO
00000 1Nooooo0ooooooooooooo
oboooooooooog

ooo 13.000000
1| Synth ("saw", ["freq", 440]);
2| Synth ("1fo");

O00D0oO000o0OoO SynthODOOOOOOOODO
gboooooooboboboobooboooobooo
0140000000 SynthOOOOOOOODOO20
OSynthOOODODOODOOOO LFOODOOOODOOD
gobooboboooboo

000 14.LFOOOO0O
1| Synth ("saw", ["freq", 440]);
2| Synth ("saw", ["freq", 540]) ;
3] Synth("1fo");

Jddddd220 sewdoOoooooooooono
OO0 o0oDpOoOoDpOoOoDoOoOoO200 SynthOOOo OO
goboobooboboooboooobooboobo
0o

gobooboobooboboobobooboobo

coboobobooobooooobooboooooobooon

goboboooooboobobobobobobooboo
O000ooooooooooooooo 4096000
gobodboboooboo

7. 00000000000 O0O0OO

ooooOoooooutDnOOOOOOOOOOS00O
oooooooOoOoOoooooooooooOOOooOoD
00000 SynthDef 00 O0O0O0O0O00O00COOutO
O0OIhO00D00O0O0 SynthDef 0000 (arg) DO OO
Oo0ooooooooUooooooooo 1soogo
R20000000Owt0 mMOOCOOO0OOOODOOO
gobgooboobbooboo

000 15s.000000000d
1| SynthDef ("1fo", {

arg outBus;
1=Sin0Osc.kr (5,0,100) ;
Out.kr (outBus, 1) ;

}) .1load;

SynthDef ("saw", {
arg inBus, freqg;
1=In.kr (inBus) ;
x=Saw.ar (1+freq,0.5) ;
Out.ar (0, [x,x]);

}) .load;

0 N NN R W N

9
10
11

SynthDef 0000000 ODODOODDOOOO 1600
goboboooobooboobbobooboooo
Ooo0O0O0O000000000000000 SynthDef
obobooooooobooooo

OO0 l6.0000000000000DOOO0O
1| Synth("saw", ["inBus", 50, "freq", 440]) ;
2| Synth("1fo", ["outBus", 50]);

§. J00000oooooooooog

Synth Ifo

Out.ar(30) ),«‘ \ Out.ar(50)
SR

50

T

ar(50)

07.0000000000

000000 SynthODOQOOOOOOODOOOOO
000000000000 1700000 160000
LFOO 5000000000sawDO0O00OO0OOODOO
ooobooooooboooooboooooboonooon
1600000000000 SynthOlfo0O00 xOOO
cooooooood

Oo0Q0 17. SynthO Ifo00 0 x O OO
1| Synth("saw", ["inBus", 50, "freq", 440]) ;
2| x=Synth ("1fo", ["outBus",50]) ;
U00OxOset000OD0O0OOOODOODONODoutBus
O0000o0oO0O00ooo200 SynthOOOOOOO

0d00OO00d0oO0o00obOOo0obOooooOo(@oa 18)d
000 18. outBus OO 0O
1|x.set ("outBus", 30) ;

ooooooooooo 19ooooooooDoD s00
00000000 SynthOOOOOOODOOOOOOO
oboboooooog
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000 19.outBus OO0 O0O
1| x.set ("outBus",50) ;
ooooooSCo0ooopDoooooDooooon
000000000 oOo0obOOoooooboooooo
oooboobooooooboooooobooooao
OODO0OO0O SynthOOOOOOOOODOLFOOODOO
oobooboboobuoobuooobooboooboo
oopoooooooog

9. 0OO

ooooscoooooooooooooooooo
OSynthOOOOOODODOOODOOOODOOOOODOO
O000U00O00o0oOooOouooooo SynthDef 00O
ooooodSynthOOoooOoOoooooooooo
goobboooooobboboooobbooogoo
goboobooboobooboobboobooo
oooooooocevbOOODOOOOOOOOOOO
goobobooooobooobobboooooooobobo
goboobodboboooobooobooboooo
SynthO0OOOO0OO0OO0OO0O0O00000O0OOOOCCO
goobgooo

10. 0OOOO

[1] SuperCollider, http://supercollider.
sourceforge.net(D0 0O OO 2014 0 9 0O
290)

[2] Wilson, S., Cottle, D. and Collins, N. (eds), The Su-
perCollider Book The MIT Press, 2011

11. DOoO0O0O0OO0O0Ogd
11.1. OO0 000 (Chikashi Miyama)

O00oooooo0ooooooooooooooo
O00ooO00oo00ooooooooooooooo
0000oo0o0o0ooo0oo0ooo0ooooooon
goboodbboobuoobooobooboobo
gboogoboooboboboobooboobooobooo
0000000000000 000Prix Destellos 0 000
ASCAP/SEAMUSOO0O0O0O0O00O0OO0OOO0OOOO
goooboobobooboobobooboobon
2004000 00000DO0000D00OO0ODOODO0n
1500000000000 190000000000
0000 201100DAAD(0OOOOOOO)000O
00000o0000o0o000o0O000o000 ZKMO
0000000 00obOoO0ObOobDOO0bOo Pure Data-
O000O00000000O000(Works Corporation
O)oOooOooOooOoooOooOooOooOooOoooo

goboooobbooobboooobooooboogo
o0 dcSnHooooooooooboooooooo
O Experimental Data Aesthetics0 D 00000201300
00000000000 PureData0 00O 0O Pure Data
Japan(http://puredatajapan.info) 00000
OO0D0OO0OO0Onhttp://chikashi.net
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