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overview

* |ntro to sonification
* sonification technigues
 sonification of climate data

* user centered design approach
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spontaneous sonification

stethoscope geiger counter

sonar
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why sound is used spontaneously?’

tradition of listening to the data (e.g. medicine, mechanics)
technological reason:

no other measurement device Is available

sound Is a by-product of measurement

domain science and sound use the same technological aids

mMonItoring processes
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advantages of sonification?

advantages of our auditory perception:

high temporal resolution
 large frequency range

omnidirectional

parallel auditory streams, backgrounding
eye-free conditions ( e.g. sight-impaired)

useful when visual information overload
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limiting factors of sonification?

sound parameters lack strict orthogonality

individual differences and necessity of training (perceptual and
cognitive abilities of the users)

aesthetics: sound can easily get annoying
longer history of visualization

user’s cultural bias
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a taxonomy of intended sonification uses

presentation: auditory demonstration of finished results

exploration: interaction with the data; heuristic for generating
hypotheses (because of high temporal resolution of audrtory, pattern
detection and anomalies)

analysis: requires well-understood, reliable tools for detecting specific
phenomena (e.g. trend identification, data structure or pattern
recognition)

monitoring: processes that benefit from continuous monrtoring by
observer (industrial production, hospitals), any sudden change is
hearable

pedagogy: learning and understanding structures and patterns in data for
non visual students or visually impaired

1 artistic uses: sonification-based sound art and installations
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example: internet

http://heavylistening.com/tweetscapes/
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definition

sonification is the use of non-speech audio to convey information
[Kramer 99|

sonification is the data-dependent generation of sound, if the
transformation is systematic, objective and reproducible, so that it can
be used as scientific method. [Hermann 09]

Organized Sound

Functional Sounds

@ Sonification

Music &
Media Arts
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scientific method

research question - hypothesis and prediction

data description (e.g. using TADA)

chosing a sonification method (e.g. using SDSM)

how could it sound like?! (using methaphors)
describing the sonification designs:

sound synthesis, transfer function, sonification operator
discussion: what is hearable! how does it sound like!
gathering results, hypothesis

evaluations (using the sonification tool, how fast and how efficient can the user solve the
problems? with how much training?) : clarity, efficiency, intuitivity, technical effort, ...
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TADA: Task and Data Analysis
Stephen Barrass

Data

characterisation

Il’e(]uire

Il'epresent

’ -analysis

requirements

Person Display

primitive level

fi} schema level
—2— design
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sonification design

i sonification sound .
domain thesi perception
science operator sSynthesis

— mathematical — mathematical — descriptive
— numerical — numerical
— descriptive — descriptive
o o
S:D->Y

sonification operator is a function from the data space to the
sound space
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sonification techniques and approaches

Audification is the most prototypical method of direct sonification,

whereby waveforms of periodic data are directly translated into sound.
[Kramer]
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example: medicine

parkinson
essential

psychogenic
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sonification techniques and approaches
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example: sports, movement sonification

http7angibleauditoryinterfaces.de/

index.php/tai-applications/
jugglingsounds/
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sonification techniques and approaches

Setup Link-Variables Listener Characteristics

data l : model sound L Iistengr
perception

space space space space

Initial State Dynamlcs\ Excitation
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why sonification of climate science’

huge amount of data
multivariate data sets

raise public awareness

June 2007: Dry Temperature

June 2007: CHAMP O ion Event
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research questions

-
sonification of climate data
s ~
how do climate scientists
analyze data?

N Wy
s R
what are the main software

and visual tools they use!

\ J

s o ~
how can an audio display be a
helpful addition to their
workflow!

N Wy
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observer
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methodology: contextual inquiry

Scenario

1. M wants to analyze 2. M collects data
the climate change in

from a satellite station
the last century

- ) 3. M plots the data to
& \ @&

) find some patterns in
(g

;__E i data
5. M wishes she had a tool 4. It took her so
to go through the data many hours to go
faster (e.g. an audio through all the data
interface to listen to the

data)

—

interviewer
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methodology: focus groups

Research Group

ArsCliSys - Atmospheric Remote
Sensing and Climate System

ReLoClim - Regional and
Local Climate Modeling and

.

\

/

ArsClsSys 6
EconClim 5
RelLoClim 7
Gender

F 8
M 10
Qualirication

MS Student 1
PhD Student 3
Post Doc 6
Professor 1
Stafr 2
Years working In the
field

Average 6.3
Maximum 17
Minimum 0.5
Frequency of data
analysis

Once/day S7%
Oonce/Week 35%
Less often 7%
Field of studies

Physics related 86%
Economics 14%

-
EconClim - Economics of

Climate and Environmental

%
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a typical workflow of a data analysis task by the users

|
Produce data Acquire data
from simulation from external
or measurement resource

Read in raw data
e
g / / \

B %:l?g?s'f Compare || Calculate
data sets | | from data

Elausible

Correct Cluster
data Data

— e

v

Draw conclusions ]

Evaluate | | Correct A Future
A Model Dataset Prognosis

Archive and share results ]

1
4 WJIL |
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aesthetic preference and parameter mapping

experiment with:
* 3 climate parameter

* 24 sound samples |0 seconds each (3 for each
climate parameter)

* |6 participants (8 EG, 8 CG)




aesthetic preference and parameter mapping

| aesthetic evaluation of sounds and why?

Wegener Center

Mean Value
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aesthetic preference and parameter mapping

2. mapping climate parameters to sound samples
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aesthetic preference and parameter mapping

Group | Hypothesis Mostly Mostly
Mapped Mapped
by EG by CG
1 Temperature Precipitation Radiation
2 Precipitation Precipitation | Precipitation
3 Air Humidity Refractivity | Air Humidity
4 Pressure Pressure Pressure
5 Geopotential Height | Precipitation | Precipitation
6 Refractivity Refractivity | Refractivity
7 Radiation Radiation Radiation
8 Wind Wind Wind

Table 1. Mapping of Stimuli to Climate Parameters
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audio allows quick scanning of data

Air Temperature Air Temperature

time y 52575 days since 1859-12-01 000000 r 52575 days since 1859-12-01 000000

plev: O 100000 Pa - O 15000 #a

Air Temperature
Met Office Hadley Centre
CMIP5, experiment = RCP4.5

plevs = 100000, 15000 Pa




human hearing is used to resolve rhythmic patterns

Alr Temperature
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audio display gives different insights
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milestones and future work

WP 1 - Preparation

Prepare data, Analyze domain scientists' Assess capabilities of
literature research needs visualization tool(s)
\.

[ Y5
WP 2 - Interdisciplinary WP 3 - Sonification

Communication Design

Study of domain science Develop

metaphors sonification
‘I model
Establish sound terminology _

WP 4a - Cyclic
Evaluation

Exploration / scientific
evaluation (‘experts’)

o
Aesthetic evaluation (‘'non-

experts')




X

software for sonification

special software for sonification

xSonify (NASA, java-based, only special data formats readable)

Sonification Sandbox (cross-platform, parameter mapping, midi
output, data format: CSV)

Sonifyer (standalone for osx, audifocation and fm based parameter
mapping)

Image Sonlification (osx, black and white images as input data)

PD-toolkit for sonification

SoniPy (python, open source)
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software for sonification

music and sound programming languages
e Offline synthesis: Csound
* Graphical patching: MAX/MSE PureData

* Real-time text-based environments: SuperCollider, ChucK
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