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Abstract 

From the beginning, Human beings have exercised their 
creativity to make Art. It evokes an emotion in the audience. In 
performing arts the emotion is even more vivid due to the 
presence of the artist. Music is one such performing art. Today 
It has evolved into a diverse and sophisticated art form. 
Technology has played an important role in this development. 
Artists have started using technology to develop novel ways of 
creating music. A number of artists have successfully used 
mundane numbers from Data into a work of Art. Some of 
these artists are even creating music using Data. Data can be 
extremely diverse and interesting. Tracking organisms like 
fishes can bring out interesting patterns as well. Tracking 
fishes is important for a number of scientific researches and 
there are a number of ongoing researches on the subject. 
Recent studies are working towards easier, cheaper and 
accessible methods of tracking fishes accurately.

This research project is a pursuit to analyse and 
prototype an instrument that uses position of a fish in 
water to generate music.  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1. Literature Review 

“Art is creative activity resulting in the production of artefacts 
like paintings, drawings, or sculpture produced by human 
creative skill and imagination.” - Oxford Dictionary

Activities like painting, sculpturing can be classified as plastic 
art which uses materials such as paint and clay. Plastic art 
almost always results in a tangible artefact that is also referred 
to as a work of art. On the other hand there is performance 
art. Performing arts are a specialised art form where the artist 
uses their body to orchestrate the performance. Singing, 
playing musical instruments, and dancing are some common 
examples of performing arts. Creation of music is a prevalent 
performing art that is also the inspiration behind this project

Music is one of the oldest discoveries by humans. It’s history 
is so exhaustive that schools like Oxford, Princeton and BHU 
have graduate programs for the same. (the study is referred to 
as ’Musicology’). Musical instruments have evolved into 
sophisticated instruments over the years. Swedish musician  
Martin Molin recently presented a musical instrument 
Wintergatan’s Marble Machine that runs on 2000 marbles and 
is completely analog. But one instrument that stands out of the 
crowd is a Synthesiser. Synthesisers can create a diverse set 
of sounds electronically. {Apple.com, 2016 #1} These sounds 
can vary from unique frequencies, sound of other instruments, 
human voices or even sound effects. They also have a unique 
ability to create sounds that are not common in natural 
environment like percussion or wind instruments. This ability 
to create music digitally makes synthesiser a goto musical 
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instrument for Data art.

Jacoba Urist establishes the relationship of Art and 
Technology {Urist, 2016 #7}. Technology has been 
empowering artists to create art. From paintbrushes to 
modern cameras, tools and technologies have evolved the 
way art is created. Art and technology have come a long way. 
Modern artists are open to experimenting with different tools 
and technologies. There are a number of artists that have 
started using the information or Data acquired to create art. 
Therefore the art form of using data sets is also called ‘Data 
Art’.

Data art has been around for a number of years but it is 
getting more sophisticated as the amount of accessible data is 
exponentially growing. Nathan Yau in his artwork Kung fu 
particles have collected motion capture on the body 
movements of kung fu masters. The data sets have been 
used to create particle effects that create an aesthetic forms. 
Nathalie Miebach in her work Changing Waters looks at the 
meteorological and oceanic interactions within the Gulf of 
Maine. Using data from NOAA and GOMOSS buoys within the 
Gulf of Maine, as well as weather stations along the coast. 
This large installations plot information through the geographic 
anchors of a map of the Gulf of Maine, as well as a series of 
large, hanging structures that look at more specific biological, 
chemical or geophysical relationships between marine 
ecosystems and weather patterns. 

Artist like  Brian Foo have attempted to create music using 
Data. The artwork Smog Music was created With Beijing Air 
Quality Data for over the last three years. The song duration 
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reflects the time of progression in the data. When there are 
peaks in the data, it plays samples with higher beats per 
minute.  Margaret Evans from MIT Media lab reports that the 
attempts to create music from Data is not a recent happening. 
Even centuries ago philosophers believed the motion of the 
celestial bodies to be musical in nature and called it Musica 
universalis.  Further on she elaborates on MIT Quantizer, 
which live-streams music driven by real-time data from 
research that explores the beginnings of our universe from the 
ATLAS project. 

Such artistic endeavours are a great source of motivation to 
pursue the subject forward. The diversity in the sources of 
data used for the music synthesis encouraged us to scout 
different possibilities. One of the sources that sticked was the 
position of a fish in water. The data from the position of the 
fish in the three dimensions under water over the period of 
time appeared to be valuable for generating music. Therefore 
the project was pursued to identify ways to track fish in water 
and then use the data to create music.

Tracking Fish position is an important activity for a number of 
scientific research groups. {Hussey, 2015 #16}  presents a 
detailed look into the overview of aquatic animal telemetry. 
{Perez-Escudero, 2014 #17} Discusses the widespread use of 
video cameras to track the position of fishes in the laboratory. 
Furthermore the authors also propose a method of tracking 
multiple fishes and provide a sample of the data after a pilot 
test on real fishes. The sample data looks promising for its 
use in music synthesis.
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Video cameras only capture in 2D and therefore have no 
depth data. 3D cameras that can capture depth data such as 
stereo cameras or Infrared cameras can be used to add an 
extra dimension for tracking. Microsoft Kinect is one of the 
many options in the market which is powered with an infrared 
depth camera and an RGB camera as well. A number of 
researchers have used Microsoft Kinect for its accuracy, ease 
of use and easy availability.  

M.M. Saberioon et al. have used the algorithm from idTracker 
and presented an inexpensive and an efficient machine vision 
system for monitoring and analysis of fish behaviour using 
Microsoft Kinect {M.M. Saberioon1*, 2016 #21} The accuracy 
of Kinect in tracking the fishes was observed to be 
comparable to the video techniques which require a 2 camera 
setup( top and front).  The ability to acquire the position of the 
fish using a Kinect opened doors for its creative use. Due to 
popularity of Kinect, there are many libraries that allow it to be 
accessed by many Open Source development environments 
such as Processing. Processing is a valuable IDE for quickly 
prototyping code sketches and fits perfectly for the short 
scope of the project. This was the starting point for the 
experiments that will be carried out to generate music using 
fish positions. 

Tracking fishes was only one part of the project. One of the 
bigger challenges is to generate music from the data that is 
acquired. This requirement directed the research towards a 
robust music synthesiser called Chuck {Ge Wang,  #23}. 
Chuck provides a development environment that can 
synthesise music by producing frequencies using generators 
and also play sound samples. Chuck has been used by a 
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number of researchers and musicians to create creative 
instruments. Powerful open source libraries that allow 
programmers to integrate a number of input sources that can 
be used for music synthesis have been contributed to Chuck. 
This project is a successor of a prior project which was aimed 
at using water as a musical instrument. The position of the 
finger in water was sent using Arduino to chuck to create 
music. Therefore Chuck seemed to be a promising choice for 
music synthesis for the incoming data of the fish position. The 
project was showcased at Cumulus 2015 {Cumulus, 2016 
#26}

After the knowledge of tool for gathering Data and also for its 
synthesis it was vital to research for communication methods 
that work best between the tools. Further research on the 
topic led to discovery of OSC as a compatible solution for the 
experiment. “Open Sound Control (OSC) is a protocol for 
communication among computers, sound synthesisers, and 
other multimedia devices that is optimised for modern 
networking technology. It brings the benefits of modern 
networking technology to the world of electronic musical 
instruments.”{Control, 2016 #28} The discovery of OSC and 
its features was possible because of detailed work of Rebecca 
Fiebrink in the coursework of Machine Learning for Musicians 
and Artists {fiebrink, 2016 #29}

The literature review led the groundwork for a series of 
experiments that would attempt to bring all the pieces 
together. The next section covers the experiment in details.
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2. Experiment 

2.1 Setup 

the setup for the experiment can be divided into two logical 
parts for better categorisation.

2.1.1 Physical Setup 

1. Aquarium
2. Fish for tracking(a robot fish was used for the experiment)
3. Microsoft Kinect
4. Computer with speakers

The setup has an aquarium with a top mounted Kinect. The 
position of the Kinect is favoured to be on the top because 
that avoids any infrared reflection that could be caused by the 
glass. Such reflections create false positives that interfere with 
the detection of the fish. One important thing to note is that the  
reflection of the IR camera in Kinect on the surface of water 
creates such false positives as well. A neutral coloured base 
of grey colour with a matte finish was much better compared 
to an original glossy blue base.

The size of the fish used for the experiment was 7cm x 2 cm 
and. The size was almost enough to get good tracking results. 
Although in a high aquarium, when the fish goes near the 
bottom, the size in the camera reduces. Therefore it is 
important to check the observable size of the fish at the 
bottom of the tank.

The Kinect requires a minimum distance of almost 30cm to 
focus the object, so it must be placed at a height of more than 
30 cm to work. The infra red cameras are not affected by the 
ambient light in the room. For all practical purposes the setup 
can work in complete darkness as well (6). Although the RGB 
camera feed does a good job of allowing us to monitor the 
accuracy of the blob tracking (5).
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2.1.2 Software setup 

• Kinect libraries for Processing ( Simple Open NI,freeNect)
• Processing IDE
• Chuck IDE with mini audicle
• OSC libraries for Processing and Chuck

Processing and Chuck are the major parts of the setup and 
are responsible for controlling the input and output 
respectively. Processing is able to communicate with the 
Kinect using the freenect library. Freenect library allows us 
receive and manipulate the kinect hardware.(fig 3)

After the raw data is received in processing it uses an 
algorithm {shiffman, 2016 #30} to track the fish position. The 
fish position is then mapped in the coordinate system 
established by the available width, breadth and depth of the 
aquarium (fig 4). After mapping the fish to a location on the 
coordinate system, different types of patterns can be used to 
generate different patterns for the music synthesis. (discussed 
in the next section)

The OSC interface allows Processing and Chuck to 
communicate. OSC packet is broadcasted from Processing 
and received by Chuck. Both Processing and Chuck require 
libraries to be able to send or receive OSC messages. After 
chuck receives the data for synthesis, it can be manipulated to 
generate frequencies or to play sound loops by writing a 
program in Chuck and running it.
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2.2 Results and Observations 

The experiment involved a lot of hit and trial to improve the 
translation of fish position into musical patterns. With every 
interpretation of the position into music a layout was created. 
A layout is the way the program interprets the fish position and 
instructs the music synthesis. Different layouts can completely 
change the music out come. Due to the constraints of the size 
of available aquarium, there was little variation in the depth 
variable of the fish position. Therefore the choice of note are 
unfortunately biased on the X,Y position and Z was used for 
gain. Some of the tested layouts were as mentioned below. 
The layouts were informally tested with an open group of 
people who may or may not have a prior experience in music 
or synthesis of music.

1. Radial Distance 

The first iteration was a simple layout to quickly try the proof of 
concept. The logic was simple. Higher the distance of the fish 

from the centre, higher was the sound of frequencies that 
were generated. It sounded similar to running your fingers on 
the piano from the highest note to the lowest and then vice 
versa. 

Although it was elementary to execute, the audience found it 
difficult to associate the position of the fish to the synthesis of 
the music. The layout would also run into a problem if the fish 
has a tendency to run around the glass of the aquarium which 
is a fairly common pattern in some fishes. Thus it would result 
in high frequencies for majority of time.

2. 4 Quadrants 

To solve for the drawbacks recorded from the first layout, the 
quadrant layout was developed. The layout starts with a 
constant sound sound of the base drum kicking in the 
quadrant A. As the fish moves into other quadrants, different 
sounds of the drum kit like hi-hat and snare are triggered.
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The 4 Quadrant layout solved for the relationship between the 
location of the fish and synthesis of the music. The correlation 
was evident and valuable enough to delight the audience. But 
in the long term the pattern became predictable and the 
audience lost interest. This could also be partially attributed to 
the predictable behaviour of the robot fish. But it was evident 
that the 4 quadrants would not be enough to captivate the 
audience for a long time.

3. Checkerboard 

During the feedback for the second iteration audience 
members with prior experience in music synthesis shared 
valuable insight for the project. Music is a very strongly timed 
activity and utilises patterns to create harmony. Our 
experiment on the other hand produces inharmonic spectra 
like the wind chime or bells. The different notes of the wind 
chime can be calibrated to sound good together. 

This led to a redesign of the layout to include number of 
positions(1-20) that could trigger either the sound of chime 
note or remain silent.  The randomness of wind can be aptly 
provided by the fish position. The experiment was designed to 
be positioned as a water chime.

The results of the layout worked for the requirements. The 
randomness of the chime sound kept the interest of the 
audience for a much longer time and the notes sound good 
together. The moments of silence that was triggered on some 
locations provided an interesting anticipation in the audience. 
This iteration was a fundamental step in the evolution of this 
experiment and shall be a guideline for the future work on this 
project.
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2.3 Media samples and resources 

For a better understanding of the experiment it is essential to 
view the fish movements and the audio synthesis to 
understand the layouts described in the previous section. You 
can view all the layouts in action on the URL below.  
 
 
http://rohan-verma.com/water-chime/ 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Future Work 

At the beginning of the research project the idea appeared to 
be a distant goal. Thanks to the open source community the 
research project materialised into a functional prototype that 
was presented to live audience. But the scope of the project 
did not allow a number of things that could have really made a 
difference to the outcome. As the experiment matured and 
developed further a lot of feedback was received. The 
feedback did not make it to the next iteration but  has become 
ground for the future work for this project. Some of the key 
points to drive future work in this project are described below 

• Data from real fishes 
Although robot fishes don’t die they are far from perfect. 
Studying real fishes and tracking their data is an elementary 
requirement for this experiment. This would be the starting 
point for the next set of layout iterations.

• Better variation in depth 
The depth data can really add to the sound synthesis with 
modifiers like the scale of notes or even the tempo. The depth 
data can also be used to understand behaviours like feeding 
or resting. The tank to be used in upcoming work would allow 
a greater detail of depth data.

• Multiple fish tracking 
This was by far the most requested aspect of the experiment. 
The audience seems to expect it as a pre requisite from any 
aquarium. Multiple fishes need to be not only tracked but new 

layouts are required that inherit their positions to create 
unique sound triggers.

• Customisations 
Can i change the drum to a guitar? 
Can i change where the sound comes and where it doesn’t 
Can i set different sounds for different times of the day? 
 
The above questions were continuously asked by a number of 
different audience members. Music is subjective to the 
audience. Death metal and country music has a very different 
set of audience. Therefore any musical device should allow  
customisations which enable it to serve a large number of 
people. Customisation of the sounds and designing 
interactions to do the same will be a major landmark in the 
development of the project. 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Short Title: Music of the (data) spheres
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Abstract: A new MIT project taps into particle collisions to generate music and forge harmony between science and art.
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Abstract: Smog Music Created With Beijing Air Quality Data. Data-Driven DJ is a series of music experiments that combine data, 
algorithms, and borrowed sounds.
URL: https://datadrivendj.com/tracks/smog
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URL: http://atlas.cern/discover/about
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