Hearing is Believing: Interactive sonification of
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The Locust Wrath is a multimedia dance performance (Liong A., Koh, &
Lindborg 2013) with interactive sonifications of climate data. A software
for interactive sonification was programmed (Lindborg 2013) using Max
(Cycling 74) allowing an open-ended approach to mapping strategies. The
Tropical Marine Science Institute at NUS (Liong S-Y et al.) provided
meteorological records for 1961-2000 and predictions for 2081-2099
covering a large region of South-East Asia. This talk gives a brief overview
of current research themes in sonification, a presentation of the software,
and plans for future work.
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Sonitication - example ['oop']
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8006 ~ [equation] - Aphex Twin Spectrogram - YouTube
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[Equation] - Aphex Twin Spectrogram
HappyQuark 2 videos 106,265
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Sonitication - definitions

Auditory system: excellent temporal resolution + pattern detection acuity e

(cf. Ballora 2000; Schnupp, Nelken & King 2011)

“Perceptualization of scientific data” (Grinstein & Smith 1990; Ferguson, Martens,
& Cabrera 2011 [TSH p. 176]): more general concept (than visualisation)

“Sonification is the use of nonspeech audio to convey information.... the
transformation of data relations into perceived relations in an acoustic signal

for the purposes of facilitating communication or interpretation.” (Kramer The Sonification Handbook
1994)

Locust Wrath Sonifications

Environmental Visions 2014, ADM/NTU, Singapore

Edited by

“Sonification is the data-dependent generation of sound, if the
Thomas Hermann, Andy Hunt, John G. Neuhoff

transformation is systematic, objective and reproducible, so that it can be
used as scientific method.” (Hermann 2008)

“Auditory Display [Pollack & Ficks 1954] encompasses all aspects of a
human-machine interaction system, including the setup, speakers or
headphones, modes of interaction with the display system, and any technical
solution for the gathering, processing, and computing necessary to obtain
sound in response to the data. [...] Sonification is a core component of an

auditory display...” (Hermann, Hunt & Neuhoff 2011 [TSH p. 21])

PerMagnus Lindborg

Hearing is Believing...

Audification = rendering sound from data which produce time-ordered
sequential streams
- Geiger meter, heart beat monitoring, seismography etc.



Sonitication - example ['politics']

Guillaume Potard’s sonification of the Iraq Body Count... sonification as political medium

(cf. Polli 2012)

ann P Irag Bocdy Count by Somutic Sounds

4|» £33 hexps 1 /soundcioud.com/ somatic-sounds iraq - body - count -l laume-posard ¢ HQ- Google

ook policy

OlIraq Body Count

QL QRepost S*Asdtoplayiist € Share € Download 303 w4 ws

Follow Somatic Sounds and others on . Somatic Sounds
SoundCloud. 4 Follow
L data sonification | |
REFH sorom
T I'mSo
‘Iraq body count’ Is a sonic representation (l.e. a sonification) PORS i1 e B39/ ®
of the number of
casualties of Iragi civilians and US and UK soldiers during the Comatic Sounds
period January 2003 to . Neural Dialogues
April 2004. The daily price of crude oil on the stock exchange P oW

.

PerMagnus Lindborg
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Sonitication - theory

Function of auditory displays (Walker & Nees, TSH p. 11-15)

1. alarms, alerts, and warnings; (e.g. categorization of seismic events)
2. status, process, and monitoring messages; (e.g. earcons, Brazil & Fernstrém 2011, McGookin & Brewster 2011)
3. (scientific) data exploration (see below, from Walker & Nees, TSH p. 20-22, p. 27-31)

4. art, entertainment, sports (Bresin 2011)

Aims with [scientific] sonification

Locust Wrath Sonifications

Environmental Visions 2014, ADM/NTU, Singapore

- analytic listening extracting information regarding a single datum (visualisation more effective?)

Trend identification
- holistic listening task (cf. Tuuri & Eerola 2011) to identify overall patterns in quantitative data

Identification of structure
- model-based sonifications -> overall structure of the data and complex relationships among multiple variables
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Exploratory inspection
- examination of data with “no a priori questions in mind” (Kramer 1994)

Dual task performance
- user can detect changes in auditory events with “their eyes free for other tasks” (Kramer et al., 1999 p. 3).

UX considerations:
- user individual differences (cognitive, impairment), training (perceptual, musical) and aims



Sonification - msthetics

“Questions of aesthetics and musicality remain open in the field of sonification.” (Barrass & Vickers 2011)

“more attention to aesthetics would facilitate ease of listening with sonifications, which would in turn
promote comprehension of the intended message of the displays” (Vickers & Hogg 2006; cf. Gresham-
Lancaster 2012, Supper 2014)

Historically, music + mathematics = TRUE:
- Pythagoras (T 550 BC, geometrical ratios)
- Josquin (" 1450, combinatorics)
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- Hiller (71950, heuristic rules ['Al’])
- Xenakis (~ 1960, sfochash'cs) SONIFICATION Hayward’s seismograms Schafer's Soundscape project MUSIQUE

CONCRETE  \ionro’s What Are You Hildegard Westerkamp CONCRETE

Really Thinking?
lain Mott’'s Sound Mapping

Sturm’s Music of the Ocean / \A azard’s Meteosat

Unmusical:sound effects,! non-tonal, electro-
direct mappings...; acoustic, soundscapes...

It sounds
like...

Barra et al's WebMelod Z‘
ARS INFORMATICA =

Quinn’s Seismic

Sonata Musical: melodic,
tonal...

X lan Body’s Continuum
J ***** » ARS MUSICA

Cage’s aleatoric works

Hearing is Believing...

Tonal, melodic, atonal,
serialist...

Steve Reich/Andrea
Parker The Four Sections

Mayer Kress et al’'s
Chua Circuit

INDEXICALITY

Vickers & Alty’s CAITLIN Roéyksopp's Alpha Male

SONIFICATION van Raaij's Listening to .
ABSTRAITE the Mind Listening Vangelis

\J
ABSTRACT
Vickers & Hogg 2006, p. 214



Sanification - weather data

Andrea Polli: interactive interface for Atmospherics/Weather Works -
sonification describing the temperature, pressure, wind, and moisture of
Hurricane Bob August 18, 1991 at various geographical points (Polli 2012).

Cunningham (2013): concurrent audio-visual
perceptualisations (time compression) with

Max (Cycling 74)

Childs & Pulkki (2003): multi-channel
spatialisation using VBAP (Max, Pd)

Flowers et al. (2001): consideration to
meaning (ergonomics, traffic safety) of data
in mapping strategies (musical timbre)

Armospherics /Weather Works
'l “ l ] Jl + |63 hitp: / /waw.andreapolll.com/studio/atmospherics /
o [0 858 sound@fb CiSpages skyScanmer ejourmals googSchol Sage@ezllb admlibRoom admiibBook

é’}) Atmospherics/Weather Works: The Sonification of Meteorological Data

Atmospherics/Weather Works 15 a performance,
nstalation, and diribuwted software project for the

SNOo ) ht.t_p:/;;w.andreapolli.cor_l;i-studlolatmospherics/channel

New! Recent sonifications of wing cata
Click here for more nformation

e L b 3 .
12070 1923 1789 *Mselues 1438 1407 141111445 1506 1597 1699 1823 1960 2109°2267 2432 2603 2779 2959 3141
8 . 0 : 5 g

. o, . . $ ¢

1508 70 10 1500 o 14 120 v 128 e 1 i 5 170 10 00 20 2524 50 2 22 0

—
| S
-
L
g —
—
—
/o
—J

Locust Wrath Sonifications
2014 ADM/NTU, Singapore

]

player.swf




L2070 1923 1789 1669\1568 1488 1433 1407 141111445 1506 1587 1699 1823 1960 21092267 2432 2603 2779 2959 3141

1670 1836 1980 2149 2323 2503 2686 2872 3061

Ihe Locust Wrath - muttimedia dance nerformance

Sonic Design project: to create surround soundscapes for The Locust Wrath, a multimedia

2287 2155 20351030 1843 1775 120 1708 1711 1739 1790 1863 1956 2065 2188 2322 2467 268Q 2780 2946 3117 3202

dance performance (Liong, Koh, & Lindborg 2013) using interactive sonifications of climate ch 22
data (38.5 million values). The meteorological records express the weather for 1961-2000 — = =
and predictions for 2081-2099 in South-East Asia. Sonification compresses time; weeks of =
data can pass by every second. The climate is rendered as a music, whose form - gesture, M =
timbre, intensity, harmony, spatiality - is determined by the data. gy - E -
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Liong, Angela, Koh, Joyce Beetuan, Lindborg, PerMagnus, ArtsFission Dance Company. The Locust

Wrath, multimedia dance performance. HeloTrans gallery, Singapore (September 2013).
Webpages: http://permagnus.net/pm/artwork/sonifications/LocustWrath/index.html

SI13 Symposium on Sound and Interactivity 2013. Excerpt presented in Gallery Exhibition (www.si13.tk)
Binaural sound clip (use headphones): http://youtu.be/QHF1RjylfPY
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Ihe Locust Wrath - mutimedia dance nerformance
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Liong, Angela, Koh, Joyce Beetuan, Lindborg, PerMagnus, ArtsFission Dance Company. The Locust

Wrath, multimedia dance performance. HeloTrans gallery, Singapore (September 2013).



Density

Density

Locust Wrath - weather datz

Tropical Marine Science Institute at NUS (Liong S-Y et al.) provided meteorological records for

1961-2000 and predictions for 2081-2099 covering a large region of South-East Asia.

Pre-processing and analysis in R (CRAN)
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Locust Wrath - spatialisation

performance space is specific (room acoustic considerations)

equipments
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AERIAL VIEW OF SPEAKERS AND INSTALLATION
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Locust Wrath - mapping

Pre-processing and analysis in R (CRAN)

Interface and synthesis in Max (Cycling 74)

- interactive parameter mapping

press | 3 | ___ attack shape (pitchiness)
wind | 5 | ___ detune (pitch)

humid| 5 | ___ vibr depth (prominence)
precip| 3 | ... 9ain (loudness)

temp | 5 | ... feedback (resonance)

press
precip ]
humid
temp

.v

wind
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Locust Wrath - synthesis

- plucked-string synthesis model Excitation Body
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Locust Wrath - software

Graphical User Interface for rendering audio
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Locust Wrath - future work

Aim: to develop the LW-sonification patcher into tool for scientific & pedagogic discovery of
patterns in the TMSI data

GUI development
- simplify interactive top-level timbre controls
- interactive spatialisation, i.e. “walk the space”

code optimisation
- parametric mapping (instead of hash tables)
- distributed synthesis (352 units)

- resolve dropout/ ‘hard timing’ issues
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UX evaluation

- perceptual tests to evaluate “discovery efficiency” (Neuhoff, Kramer,
Gregory & Wayand 2010; Flowers & Grafel 2002)

- design feedback

- compare with [concurrent] visualisation
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Sonitication - an interdisciplinary field

Discourse
Implications for on Sound Task Analysis
Science & Society
/ Linguistics .
Theory Social Domain Data
Sciences Philosophy  EXpertise
Music -
Data Mining
] Statistics
Practical Product Desl
Application roduct Lesign
Computer Science Signal
Psychology Sonification Rendering
. Acoustics
Evaluation Computer Music

Cognitive Sciences

Sound Synthesis

Audio Engineering

Psychoacoustics

Perceived Patterns

Sensations /
“¥———Sound Signals

Audiology
Audio Projection

Hermann, Hunt & Neuhoff, TSH p. 2
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orthcoming

ICAD 2014 - NYU Steinhardt

NYUSteinhardt

Steinhardt School of Culture, Education, and Human Development

DEPARTMENT OF MUSIC AND PERFORMING ARTS PROFESSIONS

2014 International
Conference on
Auditory Display

June 22-25, 2014

ICAD 2014 Home

Committoos

Papers

Concert and
Competition

Workshops

Student Think Tank

Registration/
Conference Fees

Accommodations

ICAD 2014

The conference will take place at NYU's Steinhardt School of Culture, Education and Human Development, centered
in the heart of Manhattan's West Village and next 1o historic Washington Square Park,

This year's conference theme is

Big Data

Deadlines

Paper submission deadline: February 1, 2014
Workshops proposal deadiine: February 21, 2014

Music and Installations deadline: March 1, 2014

Student Think Tank applicaton deadline: March 15, 2014

—_—

(gm]
=
4
[}
o
———
=
(o/ge]
i —
4
[}
| S—
4
(Vgm]
ju—
o
o)
—

{w—]
 —
=
as
as
[}
oo
{w— ]
 —
=
(]
as
0




1583 1767 1955 2147 281 2538 2736 2936
649 1122 1304 1494 1685 1884 2083 2284 2486 2688 2892

840 _mm’m 1428 1630 1834 2038 2243 2449 2655 2861

REferences

The Sonification Handbook (2011). Hermann Thomas, Hunt Andy & Neuhoff, John G.(Eds.). COST Office and Logos Verlag Berlin GmbH.

2287 2155 20351030 1843 1775 120 1708 1711 1739 1790 1863 1956 2065 2188 2322 2467 268Q 2780 2946 3117 3202

Schafer, R.Murray. (1993). The Soundscape: Our Sonic Environment and the Tuning of the World. 2nd edition. Inner Traditions & Bear, USA. pp. 1-320.

R

Schnupp, J., Nelken, I., & King, A. (2011). Auditory Neuroscience. Making Sense of Sound. MIT Press, England. pp. 1-356. — ; =
Special Issue: Sonification: what where how why artistic practice relating sonification to environments. Al & Society 27(2) - ?JU =

M =
Ballora, Mark et al (2000). Heart Rate Sonification. http://www.personal.psu.edu/meb26/sonification/sonex.html, http://www.personal.psu.edu/meb26/BalloraDiss.pdf, - ; -
Bresin, Roberto et al. (). SOM - The sound of motion: Providing sound feedback to human movements. hitp://researchprojects.kth.se/index.php/kb_1/io_10574/io.html c— Z E
Childs, Edward & Pulkki, Ville (2003). Using Multi-channel Spatialization in Sonification: A Case Study with Meteorological Data. Proc. ICAD, Boston, US. — =~
Cunningham, Laura (2013). Sonification and visualization of weather data [MS Thesis]. Rensselaer Poly Inst. hitp://gradworks.umi.com/15/47/1547918.html, http://vimeo.com/ ——— ; 2
69986845 <
Flowers, John H. & Grafel, Douglas C. (2002). Perception of Sonified Daily Weather Records. Proc. Human Factors & Ergonomics Society, 46(17), 1579-1583. /o E -
Flowers John H., Whitwer Laura E., Grafel Douglas C. & Kotan Cheryl A. (2001). “Sonification of Daily Weather Records: Issues of Perception, Attention and Memory in Design - = —
Choices”. Proceedings of the 2001 International Conference on Auditory Display, Espoo, Finland. — — o
Gresham-Lancaster, Scot (2012). Relationships of sonification to music and sound art. Al & Society, 2012:27, 207-212. — : 2
Hermann, Thomas (2008). Sonification: a definition. http://sonification.de/main-def.shtml — =
James, Richard D. a.k.a. Aphex Twin (1999). [Equation]. Warp Records. http://www.youtube.com/watch@v=M9xMuPWAZWS8, http://en.wikipedia.org/wiki/Windowlicker (O i E
Kramer G, Walker B, Bonebright T, Cook P, Flowers JH, Miner N & Neuhoff J (2010). Sonification Report: Status of the Field and Research Agenda. http://digitalcommons.unl.edu/ § —_—
psychfacpub L ; «“
Liong, Ansela, Koh, Joyce Beetuan, Lindborg, PerMagnus (2013). 'The Locfusf Wrath, mulfimgdia dc?nce performanf:e. Produced by ArtsFission Dance Company. performed at HeloTrans o = -
gallery, Singapore, September 2013. Documentary DVD by InterFilm available through National Library Board, Singapore. =
Neuhoff, John G., Kramer, Gregory & Wayand, Joseph (2010). Sonification and the Interaction of Perceptual Dimensions: Can the Data Get Lost in the Map? ICAD 2000. - - ;j =
Pollack, I. & Ficks, L. (1954), "Information of elementary multidimensional auditory displays", J. Acoust. Soc. Am. 26, 155. - E
Polli, Andrea (2012). Soundscape, sonification, and sound activism. Al & Society, 27(2), 257-268. doi:http://dx.doi.org/10.1007/s00146-011-0345-3 ; E
Polli, Andrea (2012). Atmospherics/Weather Works. Al & Society, 27(2), 299-301.
Polli Andrea (). Atmospherics/Weather works: the sonificiation of meteorological data. http://www.andreapolli.com/studio/atmospherics/
Potard, Guillaume (2006). Iraq body count. The World by Ear, the ICAD 2006 Concert. https://soundcloud.com/somatic-sounds/irag-body-count-guillaume-potard
Potard, Guillaume (2007). Iraq body count. Continuum: Journal of Media & Cultural Studies 2007:4.
Supper, Alexandra (2014). Sublime frequencies: The construction of sublime listening experiences in the sonification of scientific data. Social Studies of Science 44(1) 3458 % iy ,,. ~.}z

Tanaka, Atau (2012). The sound of photographic image. Al & Society, 27(2), 315-318.
Traubeck, Bartholoméus (2011). Years. A record player that plays slices of wood. http://vimeo.com/30501143
Tuuri, Kai & Eerola, Tuomas (2012). “Formulating a Revised Taxonomy for Modes of Listening”. J. New Music Research, 41(2), 137-152. ,f

Vickers, Paul & Bennett Hogg. "Sonification abstraite/sonification concrete: An ‘Asthetic perspective space’for classifying auditory displays in the ars nﬂf?:cg
Conference on Auditory Display (ICAD2006), London, UK. 2006. z


http://www.personal.psu.edu/meb26/sonification/sonex.html
http://www.personal.psu.edu/meb26/sonification/sonex.html
http://www.personal.psu.edu/meb26/BalloraDiss.pdf
http://www.personal.psu.edu/meb26/BalloraDiss.pdf
http://researchprojects.kth.se/index.php/kb_1/io_10574/io.html
http://researchprojects.kth.se/index.php/kb_1/io_10574/io.html
http://gradworks.umi.com/15/47/1547918.html
http://gradworks.umi.com/15/47/1547918.html
http://vimeo.com/69986845
http://vimeo.com/69986845
http://vimeo.com/69986845
http://vimeo.com/69986845
http://link.springer.com/journal/146
http://link.springer.com/journal/146
http://soni
http://soni
http://www.youtube.com/watch?v=M9xMuPWAZW8
http://www.youtube.com/watch?v=M9xMuPWAZW8
http://en.wikipedia.org/wiki/Windowlicker
http://en.wikipedia.org/wiki/Windowlicker
http://digitalcommons.unl.edu/psychfacpub
http://digitalcommons.unl.edu/psychfacpub
http://digitalcommons.unl.edu/psychfacpub
http://digitalcommons.unl.edu/psychfacpub
http://dx.doi.org/10.1007/s00146-011-0345-3
http://dx.doi.org/10.1007/s00146-011-0345-3
http://www.andreapolli.com/studio/atmospherics/
http://www.andreapolli.com/studio/atmospherics/
https://soundcloud.com/somatic-sounds/iraq-body-count-guillaume-potard
https://soundcloud.com/somatic-sounds/iraq-body-count-guillaume-potard
http://vimeo.com/30501143
http://vimeo.com/30501143
http://link.springer.com/journal/146
http://link.springer.com/journal/146

Locust Wrath - binaural version at V2014

PerMagnus Lindborg

PerMognus Lindborg: composer, sound artist and researcher, is assistant

professor at School of Art, Design and Media, Singopore and member of the ’
Society of Norweglan Composers. He obtoined degrees in composition and

music computing from Oslo (Music Acodemy) and Paris (IRCAM, Paris-4). His

compaositions, interactive sound installations, and performances have been

presented in more than 20 countries. Research interests include soundscape

perception, semantic spaces, and multimodal experience design.

(http://www.permagnus.net)
change piece
Locust Wrath Epilogue How does this music make you feel?
| lo mo s Indicate how intensive your feeling is, in relation to the words below. click to save!
This piece is a binaural version of the surround sound for the epilogue of “Locust very strong

Wrath®, o dance and multimedio performance directed and choreographed by
Angela Leong, donced by ArtsFission, with set design and music by Joyce Beetuan
Koh, and sonofications by PerMagnus Lindborg. It was presented in Singapore,
27-28 September 2013. The sonofications were made from data provided by the
Tropical and Marine Science Institute, NUS. The “Epllogue” expresses the
predicted weather in South-East Asia in the years between 2080 and 2099, o
not-so-distant future. The data are played by a virtual ensemble of 18 ‘harps”
with 352 strings in total. A plucked-string synthesis model produces sounds
reminiscent of biwa, guzheng, lyre, or pipa. If there is rainfall in one geographic
area on a certain day, then one specific string will be played at the corresponding
time in the piece. If it is o hot day, the string will ring longer. The higher the
atmospheric pressure, the more detuned it will be. Humidity is mapped to vibrato

strong

medium

depth. The wind speed affects the quality of the plectrum that plucks the string, very weak
so that stronger wind gives a sharper tone. Sonofication compresses time. The Wonder Transen- Power  Tender- Nostalgia Peaceful- Joyful Sodness  Tension
climate is rendered as 0 music whose form - gesture, timbre, intensity, harmony, dence ness ness Activation

spatiolity - is determined by the data.
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Hearing is Believing...




