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Welcome to TSDS 2015 

The International Workshop on Time Series Data Sonification (TSDS2015) is held on 29-30 September 
2015, in Tsukuba, Japan, as a part of Tsukuba Global Science Week (TGSW2015).

Global problems that happen in sequence are generally represented in form of time series data, e.g. network 
traffic, global climate, health and biological data, earthquake data, etc. With this interdisciplinary workshop, 
we aim to establish a collaborative relationship among international researchers from various fields, to 
address the issues and problems that are commonly found in interfacing people and time-series data with 
sound, and to discover exciting directions for the future research in the field. Topics include but not limited 
to:

- Time series data sonification
- Real-time sonification and interaction
- Introduction of time series data for potential sonification projects
- Perception and cognition

We look forward to meeting you in Tsukuba!

Hiroko Terasawa
General Chair, TSDS 2015
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Program 

29 September 

10:00 - 10:10, Hiroko Terasawa (University of Tsukuba)
Opening remarks

10:10 - 10:40, David Worrall (Fraunhofer-Institute for Integrated Circuits IIS, Germany)
Using polymedia sonification for digital network monitoring: The Netson project

10:40 - 11:10, Masaki Matsubara (University of Tsukuba, Japan) and Takahiko Uchide (AIST, Japan)
Interactive multiple seismic waves sonification for data exploration

11:10 - 11:25, Break

11:25 - 11:55, Visda Goudarzi (University of Music and Performing Arts Graz, Austria)
Data listening is hear!

11:55 - 13:00, Lunch break

13:00 - 13:30, Naofumi Aoki (Hokkaido University, Japan)
Sound programming using MATLAB

13:30 - 13:40, Break

13:40 - 14:00, Yuki Nakayama (university of Tsukuba)
EMG smile sonification

14:00 - 14:10, Masanao Yamada (National Institute of Technology, Kushiro college)
Sonification feedback of real-time rhythm practice supporting system

14:10 - 14:20, Masaki Iguchi (Tsukuba University of Technology)
The different effects of auditory electromyographic biofeedback on blind and sighted people

 
14:20 - 14:40, Kazuhiro Jo (IAMAS)

Audio signals as a real-time data protocol

14:40 - 14:50, Break

14:50 - 15:00, Hidefumi Ohmura (Tokyo University of Science) 
Transformation model of sensory information based on information theory

15:00 - 15:10, Shin'ichiro Uno (Nihon Fukushi University) 
Sound-based, interactive, data-plotting program for astronomical data

15:10 - 15:30, Hideo Sekino (Toyohashi University of Technology) 
Sonification of stochastic time-series data as a conditional random walk

15:30 - 16:00, Break

16:00 - 17:00,  Performance: Vessels - a flute and brainwave improvisation by Grace Leslie

All day Installation: NetSon project by David Worrall 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30 September 

9:45 - 10:15, Grace Leslie 
(Singapore University of Technology and Design, Singapore, 
  and Massachusetts Institute of Technology, USA)

Sonification of EEG and expressive movement for affective neurofeedback
10:15 - 10:45, Makio Kashino (NTT Communication Science Laboratories, Japan)

Sonification of a player’s physical / mental states for sport training

10:45 - 11:00, Break

11:00 - 11:30, Hiroko Terasawa (University of Tsukuba, Japan)
Auditory gestalt, interaction, and emotion: perceptual and cognitive issues 
 in data sonification of biological data

11:30 - 12:00, Thomas Hermann (University of Bielefeld, Germany)
Levels of time and space in data exploration and interactive sonification

12:00 - 13:00, Lunch break

13:00 - 13:30, Yota Morimoto (Royal Conservatory of the Hague, The Netherlands)
Sound design in sonification

13:30 - 13:45, Break

13:45 - 15:30, Visda Goudarzi (University of Music and Performing Arts Graz, Austria)
Tutorial: Sound Programming with ChucK

15:30 - 16:00, Break

16:00 - 17:00, Performance: it's almost a song... 
a participatory, collaborative EEG sonification and visualization by .pf

All day
Installation: NetSon project by David Worrall
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Oral Sessions 
Abstracts 

Using polymedia sonification for digital network monitoring:  
The NetSon project 

David Worrall

Fraunhofer IIS  
International Audio Laboratories Erlangen Fraunhofer-Institute for Integrated Circuits IIS Erlangen, Germany

The increased complexity and sophistication of modern computer networks, and the explosive 
increase in the amount of data that these networks carry, present significant challenges for network 
monitoring and exploration. Such large amounts of multivariate time-series data requires a new 
generation of tools and methods, including those that rely on human perception.

As a technique, information perceptualization (principally visualization and sonification) seeks to 
create  ‘polymodal’  ways  of  intuitively  conveying  abstract  information  in  algorithmically 
reproducible ways, to use sound and image representations and interactions to take advantage of the 
broad pathways between the brain and sensory organs to allow users  to hear,  see,  explore and 
understand large amounts of information in intuitive ways.

Like most mammals, humans have evolved as polymodal perceiving bodies. Sight and hearing, 
for example, are sensitive in different ranges of the frequency spectrum and can be used to attend to 
spatial  and  temporal  information  with  different  levels  of  discrimination.  So,  while  our  aural 
perception is clearly superior in certain types of time-series features such as differentiating temporal 
sequencing  and  frequency  discrimination  and  better  adapted  to  detecting  movement  in  our 
surroundings,  our  visual  perception  is  well  suited  to  creating  stable  ‘scenes’ that  assist  us  in 
understanding the spatial relationships between perceptual objects. The impetus for a polymodal 
approach comes from an understanding that while the separation of the senses can be useful for 
deconstructive  analysis,  and  we  still  have  a  lot  to  learn  about  how to  use  them for  detecting 
information in data, they do not work independently, and certainly not in isolation.

Netson is a prototype perceptual monitoring tool that uses sonification supported by visualization 
to display features of an organization’s digital  network. Its  pragmatic use is to assist  people to 
peripherally monitor the activity of individual parts of a network - the ways in which they converge 
and interact - or of the network as a whole system. Because it is designed to induce a low cognitive 
load, this technique can be used by human monitors who are simultaneously engaged in other tasks.

This  presentation  will  include  a  demonstration  and  discussion  of  the  sonification  and 
visualization of the live real-time data streaming from Fraunhofer ISS in Germany.
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Interactive multiple seismic waves sonification  
for data exploration 

Masaki Matsubara1 & Takahiko Uchide2

1Laboratory for Sound and People with Computing, University of Tsukuba, Tsukuba, Japan  
2Geological Survey of Japan, AIST, Tsukuba, Japan

Japan is widely known for earthquake country. National Research Institute for Earth Science and 
Disaster Prevention (NIED) provides seismic wave databases from the networks of various kinds of 
instruments and facilities (e.g., K-NET, KiK-net, Hi-net, and F-net). Because of 100 - 200 Hz of 
typical sampling frequencies, audification of seismic waves at natural speed is hard to listen. Thus, 
traditional way to listen single seismic wave for monitoring application is to audify the waveform 
with high playback rate, which often makes the sound too fast to catch up the nature of earthquake 
rupture and seismic propagation.  In this  talk,  we present  an interactive multiple seismic waves 
sonification  method  for  data  exploration  and  an  example  sonification  of  the  2011  Tohoku 
earthquake waves propagating over Japan Islands using 116 seismic stations. The playback rate is 
just 10, therefore it is easy to understand the propagation of seismic waves. The sonified sound 
shapes some characteristics and distributions so that seismologist can easily detect the time span 
and frequency band to be focused on. We will show how the seismologist explore the data with 
visualization and sonification and how he discovered another  induced earthquake with  sonified 
sound.

Data listening is hear! 

Visda Goudarzi

University of Music and Performing Arts Graz, Austria

This  talk  explores  some of  the  challenges  on data-mining and sonification in  a  data-intense 
domain such as climate science and examines how to facilitate new insights in data. The purpose of 
this talk is to elaborate an understanding of what data is as a concept, as a component in acquisition 
of knowledge, and as something that can be communicated between its source and its receiver in 
auditory form. Moreover it is essential within the scope of this symposium to evaluate methods of 
auditory presentations of datasets in the context of climate in a way that the climate scientists’ 
knowledge about features and patterns hidden in the data improves. Climate data is an ideal domain 
for  a  number  of  reasons  including  the  typically  large  multivariate  data  sets,  the  dynamically 
changing nature of the data, and the nature and process of creating models. Climate science data is 
usually temporal, spatial, or spatiotemporal which makes it a perfect candidate for data mining and 
sonification which are also spatiotemporal. While there is decades of research in climate statistics 
and applications of sonification, systematic efforts in sonification of climate statistics are rare. Some 
interesting aspects of data analysis that are interesting to explore are: how to deal with auto- or 
cross-correlations.  Climate  data  are  geographical  and inherit  the  spatial  or  temporal  correlation 
properties. Additional challenges in sonification of climate data stem from nonlinear dependence, 
long memory processes in time, and long-range dependence in space.  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Sound programming using MATLAB 

Naofumi Aoki

Hokkaido University

Computer  programming is  an effective approach for  understanding the mechanism of  sound 
processing. This talk describes some techniques of sound programming using MATLAB.

EMG smile sonification 

Yuki Nakayama 

University of Tsukuba, Japan

   We propose a real-time, interactive system for smile recognition and sonification using surface 
electromyography (EMG) signals. When a user smiles, a sound is played.The surface EMG signal is 
mapped to pitch using a  western music scale. The timbre of sound mimics synthetic bubble sound. 
We evaluated the smile-based sonification feedback with a user test.

Sonification feedback of   
real-time rhythm practice supporting system 

Masanao Yamada 

National Institute of Technology, Kushiro college, Japan

   We  are  developing  Rhythm Practice  Supporting  System with  real-time  onset  detection  and 
electrical metronome for those who practice a musical instrument. Although there are devices and 
systems for pitch measurement, such as musical electronic tuners, there is no popular system to 
know the performed rhythm easily. Our system deals with the sounds of a monophonic musical 
instrument  and  shows  the  onset  in  real  time.  The  entire  system  is  developed  on  ChucK  and 
Processing.

   We use  three  steps  to  obtain  onset  time from sound data  as  following:  first,  as  preprocess, 
normalization is applied to the input data. Next, detection function is calculated using Spectral Flux, 
which exploit the difference in the power spectrum of adjacent frequency bins. Lastly, the onsets are 
derived by using dynamic thresholding and peak-picking the results of the detection function. 

   We investigated the accuracy of the onsets in time delay and the results show that the accuracy 
largely depends on the parameters for the detection function and thresholding. To show the detected 
onset time, we have made some visual user interfaces (UI) so far. Although the UIs work when the 
user performs simple or memorized musical phrases, they aren’t convenient in the situations using 
sheet music. Therefore, we offered the information regarding the detected onset time compared to 
the assumed note timing by inserting noisy sound into the metronome sound. This means both 
visual and real-time sonification feedback are available to the user.  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The different effects of  auditory electromyographic biofeedback  
on blind and sighted people 

Masaki Iguchi

Tsukuba University of Technology, Japan

   In this study, eleven sighted and ten blind subjects performed a motor task requiring non-fatiguing 
twenty muscle contractions at 20% maximal voluntary contraction (MVC) with or without auditory 
EMG biofeedback (AEB) to examine whether the AEB effect differed between the two groups. The 
AEB reduced the error calculated as the absolute difference of two consecutive contractions only in 
the blind subjects (-34% on average; p = 0.026), and the error without biofeedback was greater for 
the blind subjects than that for the sighted subjects (5.20 ± 2.05% MVC and 3.30 ± 1.26%MVC; p = 
0.024). This was consistent with subjective rating data indicating that the blind subjects experienced 
greater  difficulty  than  the  sighted  subjects  (p  =  0.06)  when  performing  the  task  without 
biofeedback. Moreover, the error ratio of AEB / no biofeedback was lower for the blind subjects 
than for the sighted subjects during the last part of the task (p = 0.036), indicating that the blind 
subjects  were  better  at  maintaining  the  AEB  effect.  These  data  suggest  that  the  poor  motor 
performance of blind people can be greatly improved with AEB.

Audio signals as a real-time data protocol 

Kazuhiro Jo

IAMAS, Japan

   In this presentation, we propose a method to use audio signals as a data protocol to process time 
series  data  especially  from sensors  with  analog  output  (e.g.  accelerometer,  temperature  sensor, 
LDR). 

   The method enables us to acquire precise sampling rate (e.g. 192KHz) and resolution (24bit) to 
compare with other ways (e.g. Arduino). It also allows us to use standard audio software (e.g. Pro 
Tools, Max) and hardware (e.g. audio recorder) for time series data processing. 

   The resulted audio signals (i.e. processed time series data) could be not only directly listened as a 
raw data but also interactively mapped into several forms of sonification. 

   As applications of the proposed method, we show our initial two trials in 0. A real-time audio-
visual performance and 1. A field recording of weather condition. In both trials, we convert changes 
of analog voltages from sensors (i.e. 0. gestural data, 1. temperature and sunshine) into changes of 
amplitude or frequency of a simple sound (i.e. sine wave). Then the results are 0. mapped into 
different audio-visual form, and 1. recorded into a handy audio recorder.  

The  results  point  out  an  alternative  use  of  existing  audio  technologies  in  the  field  of 
sonification with a potential of further investigations (e.g. building a distributed-participatory sensor 
networks with mobile phones).  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Transformation model of  sensory information  
based on information theory 

Hidefumi Ohmura

Tokyo University of Science, Japan

   Many sensory information, such as music and painting, elicits various emotions. What is a point 
in common between these? I focus on musical pitch and simple graphics, and propose a system of 
generating  music  and  graphics  by  controlling  two functions  based  on  information  theory.  This 
system is able to provide transformation of sensory information. I discuss the complexity and a bias 
comparing generated sounds, and transformation of sensory information from music to graphics.

Sound-based, interactive, data-plotting program  
for astronomical data 

Shin'ichiro Uno 

Nihon Fukushi University, Japan

   We are developing a sound-based, interactive, data-plotting program.

   The  sonification  software,  called  "splot",  reads  ASCII  data  files  containing  various  plotting 
commands and other data, and then outputs sounds corresponding to the data instead of plotting to a 
display or a printer.  Input data for splot is partially compatible with "qdp", a data-plotting program 
developed by NASA HEASARC.

   Our  software  is  useful  not  only  for  timing  data  but  also  for  spectrum analysis.  Using  our 
sonification program, we sonified raw data of science satellite, "ASCA" and  "Suzaku". ASCA and  
Suzaku  is  Japanese  X-ray  astronomy  satellite.  We  report  the  status  of  development  and  will 
demonstrate sounds of x-ray binary stars and X-ray pulsar.

Sonification of  stochastic time-series data  
as a conditional random walk 

Hideo Sekino 

Toyohashi University of Technology, Japan 

   We have been established the solution of fundamental physical equations such as Schrödinger 
equation as well as macroscopic stochastic time series such as EEG emerge as a consequence of 
conditioned random walk.  It  is  therefore quit  informative to represent  them as sonificated time 
series data and analyze the conditioned random walk to interpret the physical, mental and social 
meaning of the signals with overwhelmingly perturbed by noise. 
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   We  use  Detrended  Fluctuation  analysis  (DFA)  as  a  phenomenological  time  series  data  as 
representative  stochastic  random walk  data  for  EEG as  well  as  stock  prices  while  to  analyze 
functional data such as the time evolution of Quantum Walk (QW)  and Molecular Dynamics data.

   We  also  indicate  the  time-space  scaled  interactive  representation  of  non-adiabatic  time 
progression of quantum information such as time-dependent wave function is pragmatically useful 
for professional chemistry and physics communities.

Sonification of  EEG and expressive movement  
for affective neurofeedback 

Grace Leslie1,2

1Singapore University of Technology and Design, Singapore  
2Media Lab, Massachusetts Institute of Technology, USA

We present a new musical interface that maps expressive gesture to sound, designed to invite 
participants to affectively engage in the basic emotions. In its present form, the interface consists of 
a Leap Motion (www.leapmotion.com) device that tracks repeated small expressive gestures made 
by  a  participant’s  hand.  Concatenative  synthesis  software  (Schwarz,  D  et  al,  Journées 
d’Informatique  Musicale,  2008)  translates  these  gestures  into  an  expressive  wash  of  sound  by 
mapping the first  and second principal components of the recorded movement to the computed 
spectral centroid and periodicity of each sound segment selected for playback. A dry-electrode EEG 
system records EEG as the participant performs gestures corresponding to a basic emotion (anger, 
grief, joy, etc.). The artifact subspace reconstruction (ASR) method, as implemented in the BCILAB 
toolbox (Kothe, C.A., et al, Journal of Neural Eng 10(5), 2013) for Matlab, is used to remove local 
peak artifacts in the EEG data that arise from participant movement. The EEG accompanying each 
emotion state is classified in real-time using a predictive model that estimates the probability of 
each state across short EEG data time windows, also implemented in the BCILAB toolbox. An 
ambient  music  engine  cycles  through  textures  and  musical  intervals  composed  to  suggest  and 
induce a spectrum of affective states (Makeig, S. et al, Springer Lect Notes in Comp Sci, vol. 6975, 
pp.  487-496,  2011).  This  project  is  informed  by  previous  experiments  (Leslie,  G.,  et  al, 
Psychomusicology 24(1), 2014) for which the first author and colleagues developed a method for 
studying musical engagement using simple expressive rhythmic ‘conducting’ gestures matching a 
musical  pulse,  inspired  by  Manfred  Clynes’ sentic  cycles  method  (Clynes,  1977).  This  project 
attempts to clarify the role that  expressive gestures can play in improving emotional  health.  If 
successful, the proposed musical system for affective neurofeedback may help those with mood 
regulation challenges, in serving as an adjunct to expressive movement and music therapy.
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Sonification of  a player’s physical/mental states for sport training 

Makio Kashino1,2,3

1NTT Communication Science Laboratories, NTT Corporation, Kanagawa, Japan  
2Tokyo Institute of Technology, Kanagawa, Japan 3JST CREST, Kanagawa, Japan

Implicit (i.e., unconscious and automatic) sensory / motor / emotional processes play essential 
roles in sports. It is, however, difficult for a player to be aware of, or have voluntary control over, 
the implicit processes during the play. We have been developing methods to help players improve 
sport skills and optimize mental states by making the implicit processes explicit using body / mind-
reading  technologies  and  modulating  the  implicit  processes  through  sensory  feedback.  I  will 
introduce some examples, including a training system for baseball pitching based on sonification of 
surface electromyographic (sEMG) signals monitored at some task-relevant muscles of a pitcher 
using real-time wireless measurement devices.

Auditory gestalt, interaction, and emotion: perceptual  
and cognitive issues in data sonification of  biological data 

Hiroko Terasawa

Faculty of Library, Information and Media Science, University of Tsukuba, Japan

How can we make a sonification intelligible? How can we establish a trustable, reliable, and 
emotional  relationship between data and users? How can we superimpose multiple  information 
within  a  sound?  How  can  we  formulate  auditory  gestalt  according  the  patterns  within  data? 
Summarizing the 5 years biological-data sonification research under JST PRESTO program, we 
explore such perceptual and cognitive issues with examples from the projects.

Levels of  time and space in data exploration  
and interactive sonification 

Thomas Hermann

Ambient Intelligence Group, Cognitive Interaction Technology Cluster of Excellence (CITEC),  
Bielefeld University, Germany

Time and Space are basic dimensions in which we organize experience, interaction, data and 
science. Sonifications, auditory representations of data are in substance sound and thus intrinsically 
‘live’ in time, while many high-dimensional data are not organized in time. This talk focusses on the 
different relevant levels of time and space in exploratory data analysis and interactive sonification. 
Selected  application  examples  (EEG sonification,  Interactive  Sonification  in  sports,  time  series 
analysis,  analysis  of  intrinsic  data  dimensionality  and clustering of  high-dimensional  data)  will 
make these levels more tangible (better: audible) and provide motivation for the approach of Model-
based Sonification that enables a principled decoupling of time in data and the user’s time, which is 
thus set free for immediate interaction with the sonic data representations.
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Sound design in sonification 

Yota Morimoto

Institute of Sonology, Royal Conservatory, The Hague, the Netherlands

The author examines time-honoured techniques of electronic music production and design of 
commercial synthesizers in light of their potential usefulness for sonification and auditory display 
projects.  Particularly,  the  practice  of  sound  design  in  voltage-controlled  studios  and  analog 
synthesizers  (i.e.,  that  which  makes  use  of  VCOs,  VCFs,  VCAs  and  Envelope  Generators)  is 
discussed  in  relation  to  the  reviving  trend  in  analog  synthesis.  While  it  remains  reasonable  to 
employ digital tools in sonification, a number of observations relevant to sound design in auditory 
display projects can be made.

In order  to  verify the above,  the author  uses  a  sonification software library implemented in 
SuperCollider, an open-source cross-platform programming environment for sound synthesis and 
music composition. Its key features have been shaped over the course of different projects (with 
cardiologists, seismologist and a motor company) and thus aim at covering different scenarios of 
auditory display. The first of which is simplification of common tasks involved in sonification (e.g, 
data handling, file i/o, parameter mapping, etc.); the second, a unified interface to both realtime and 
non-realtime data handling; and the last, programmatically generated sound synthesis templates.

How the software library directs  a workflow draws close relevance to the above practice of 
electronic music production. However, a number of useful functionalities possible with digital tools 
and other modern sound synthesis techniques are also implemented.
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Music Program 
Program Notes 

29 September, 16:00 - 17:00 
Grace Leslie 
"Vessels" a flute and brainwave improvisation 
Vessels is a flute and brainwave improvisation that takes its inspiration from vessels of all types: pots that 
hold, pitchers that pour, vases that display, each having a characteristic resonant frequency. Multiple 
channels of EEG brain wave activity each actuate a virtual vessel, and a cloud of sound emerges. She drones 
on the flute to tune her perception to each of these vessels.

30 September, 16:00 - 17:00 
.pf   
 Kiyoshi Furukawa, Takayuki Hamano, Hiroko Terasawa, Ryu Nakagawa,  
 Hidefumi Ohmura, Reiko Hoshi-Shiba, Gen Hori 

"it's almost a song..." a participatory, collaborative EEG 
sonification and visualization 
‘it’s almost a song…’ as Work In Progress, is an installation for three
Electroencephalography (EEG) systems. The mixture of musical,
auditory, and visual stimuli and the real-time visualization/sonification of
EEGs by audience comprises a spatial and interactive representation of
interconnected musical minds.

29-30 September, All day 
David Worrall 
"NetSon project” 
NetSon is a network data sonification project that has been developed to sonically reveal aspects of the 
temporal structure of computer network data flows in a relatively large-scale organisation.
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