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ABSTRACT
There is a growing interest in audiovisual interactive in-
stallations. In this paper we present Sound ePixyStem, a
tangible interface for interactive soundscape composition.
This small installation allows the user to play with several
blocks, each of them representing a different element of a
sound ecosystem. Depending on the colour and the posi-
tion of the blocks, the user can create different soundscapes,
ranging from a forest to a tribal environment. In this paper
we describe the process of designing, developing and test-
ing the system, together with the hardware and software
tools that were used. This system can be used both in live
performances, as an additional instrument that plays more
ambient sounds, and in more research-oriented applications.
In both cases allowing to modify sound parameters being
played in real-time. All the sound design and audio-related
aspects were done in Pure Data. Arduino UNO, computer
open source hardware, and Pixy CMUcam5, a camera for
computer vision applications, are also used.
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1. INTRODUCTION
Multimedia and interactive installations are increasing their
popularity among many different audiences. This is why we
wanted to focus in an interactive system, so that users could
play with it and discover how it works by using it. We de-
signed and implemented a tangible interface that allows the
user to create a sound ecosystem using blocks of different
colours, i.e. each block represents an element of this ecosys-
tem. We decided to develop a tangible interface rather than
just a software-based system because it is more similar to
the way humans interact with each other and with the envi-
ronment, so it is a more natural way of creating sound. Most
of the first ideas we came up with at the beginning of the
project were basically musical systems: trying to simulate
a small ensemble of instruments using synthetic sounds and
controlling them using external devices. However, this was
not as interactive as we wanted, so we looked for other mu-
sical systems which had more user implication (interaction
between users using some device, gesture capture...). Fi-
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nally, we decided to use the Pixy camera, which will be fur-
ther explained in the next sections, that recognizes objects
or blocks of different colours. Then, trying different sounds,
we realized that using these blocks of different colours to in-
teract, we obtained a really interesting result using sounds
to create a sound atmosphere, just like in real life: when a
new element appears, something new happens, i.e. a new
sound plays.
The instrument works as follows: each block has a different
colour and is associated to a different sound of the sound-
scape (the sounds are explained in Section 2.2). When the
user puts a new block in the playing surface (i.e. the white
surface), the sound corresponding to that block will be trig-
gered and will keep playing until the block is removed from
the surface. This is the first dimension of the playing mode:
adding and removing blocks from the surface makes the
sound play and stop. The second one is the position of
each block within the surface. The (x,y) position of each
block modifies some parameters of the sound as the block
is moved along both axes. This mapping of parameters is
explained in Section 2.2 together with the sound details.

The remainder of this paper is organized as follows: in Sec-
tion 2 we describe the system in three steps: how we acquire
the data of the blocks, how the sounds are created, triggered
and modified, and the design of the tangible prototype. In
Section 3 we detail some of the improvements that could be
applied to the system, followed by the conclusions of this
work in Section 4.

2. OVERVIEW OF THE SYSTEM
In this section, the system is described in three separate
parts: first, all the information regarding the data acquisi-
tion (i.e. how do we know which blocks are in the scene)
and processing (i.e. how is the information adapted and
routed); then, all the sound-related aspects are mentioned
(which sounds does the system contain, how are they cre-
ated or synthesized and triggered); finally, we describe how
the tangible interface prototype is designed and built. In
Figure 1 we display a schematic view of the system as a
whole. The two pieces of hardware (Pixy and Arduino
UNO) can be seen on the left part of the figure, the sur-
face with coloured blocks in the top right part and then a
screenshot of our main patch in Pure Data at the bottom.

2.1 Data Acquisition and Processing
For capturing the image and recognizing the colours, we use
Pixy - CMUcam5. Pixy is a camera for DIY (do it yourself)
computer vision and robotics applications. It is capable of
learning objects by their colour and track them in real time
at 50 frames per second [3]. It works with many devices
(RasberryPi, Arduino, BeagleBone), though for the project
we use Arduino.



Figure 1: Sound ePixyStem overview. Each of the
blocks of different colours represents one different
sound. Pixy is first connected directly to the com-
puter in order to train the recognition of the colours
and afterwards it is plugged into Arduino for the
regular functioning.

It works as follows: first, connecting Pixy directly to the
computer we train it such that we assign a colour to a
unique signature. It is not necessary to do this training
stage every time the system is used: the parameters can
be saved and loaded. However, and due to some lighting
issues, sometimes it is a good idea to do the training again.
Notice that the training stage consists of selecting with the
mouse the corresponding colour for each signature. For this
particular project, we work with six different colours: red,
yellow, purple, light blue, dark blue and green.
Once the camera is trained, we proceed to connect it to Ar-
duino, which is plugged to the computer at the same time.
Arduino works as a bridge between the camera and Pure
Data, where all the audio processing is performed. Using
a simple Arduino script, we can read the information from
the camera, i.e. which colours are present and their (x,y)
positions. Then, using Serial communication, this informa-
tion is sent to the patches in Pure Data, using some code
from [1]. Basically, every time Pixy sends a message to Ar-
duino with the information of the blocks, we keep all the
signatures and all the positions, we pack them in a Serial
message and send it to Pure Data. We have a specific Pure
Data patch for the connection with Arduino. It has the ob-
jective of connecting with Arduino through Serial, receiving
its messages, unpacking them, and sending its relevant in-
formation to the rest of the patch. Arduino receives Pixy
messages, and the script written in Arduino takes care of
sending each new, relevant information in a new line. These
lines are read in Pd and unpacked into the number corre-
sponding to the present colours in the scene, followed by
their positions. We had to face an important issue here:
in every new line that Arduino sent to Pd, the position in
which the present colours appear were different. To solve
this, every possible colour is checked for each position in
each line. Once the right colours and their correspond-
ing positions are extracted, they are sent to the rest of the
patch.

2.2 Sound Design
All sounds in this project are generated in Pure Data and
are organized in a single patch containing seven main sounds.
Each sound has its own parameters, which are modified with

the movement of the coloured blocks in the scene.

The first sound is an audio of rainforest water in a loop.
This is the default sound of the system. This means that
when there are no coloured blocks in the scene, this will be
sounding as long as the instrument is on, so that the atmo-
spheric effect won’t stop. In this case, and in the case of
other audio files that were played in loops, we encountered
a problem: messages from Arduino were constantly sent,
whether it was ’colour on’ or ’colour off’. This implied that
the audio file was constantly triggered and an unpleasant ef-
fect was heard - the same sound started over and over again.
This was solved by saving the previous activation value and
checking if it was the same or a new one. Hence, audios
were only triggered when they were newly introduced and
not every time they are present.
The next sound introduced was sound of birds. It is rep-
resented by the yellow colour and it is also a looped audio
file. In this case, when moving around the scene, volume
and stereo panning are controlled.
Rain sound is represented by the blue block. The effect of
raindrops falling over leaves is generated synthetically using
patches from the book Designing Sound [2]. Gaussian noise
and a phasor are filtered and combined in such a way that
they achieve a very realistic effect. Parameters controlled
by position may change the intensity of the raindrops and
its volume. To add the effect of heavy rain to the raindrops,
filtered noise is added, and its volume can be controlled in a
parallel way with the raindrops. Other more complex map-
pings were tested, but the most realistic sound was obtained
by moving volumes in parallel. This makes sense because
after all, raindrops should increase with the overall rain.
Moreover, insects are added when green is present. Syn-
thetic representations of flutters, critters, flies, frogs, chirpers,
rattlers and crickets are introduced into the sound ecosys-
tem. These sounds are also based on sounds obtained in De-
signing Sound [2]. In this case, when the green block moves
on the x axis, the layer of insects increases. We defined 4
regions, each one adding a layer of insects. Initially, only
flutters are heard. Then, when x axis is slightly increased
and enters de second region, critters are also heard. In
the following range, flies, frogs, and crickets are also added.
And finally, on the highest region of x, all insects are heard,
generating the sensation of a busy forest.
Next sound is wind, generated when the purple block is
present. It is generated synthetically, adding various fil-
tered noises, each with different frequency centre and band
widths. These values of noise filters all depend on the same
parameter, which are then differently modified to generate
a stochastic and therefore more realistic wind effect. This
general parameter is modified with the x axis of the po-
sition, while its volume is modified with the y axis. The
sound of tribe drums is added when the dark blue block is
introduced. This is also an audio file being looped. The
volume is controlled by the y axis and the stereo panning
by the x axis.
Finally, bubbles through granular effect are heard when red
is present. The audio file for the granular synthesis is loaded
when the main patch is opened. Then, when the red block
is added, grain size, grain size deviation, mean silence, and
silence deviation are controlled through the movement of x
axis, while mean reading point and deviation reading point
are controlled through y axis movements.

2.3 Tangible Interface
We wanted to build a small installation in which anyone
could play and create different sounds and effects. The
system is an interactive tangible interface where the user



Figure 2: Scheme of the tangible interface of the
Sound ePixyStem. The blocks are placed on the
white surface and moved along both X and Y axis
of it.

can play with blocks of different colours, creating differ-
ent soundscapes. The prototype we built was made of a
wooden structure at the top of which the Pixy camera was
attached, together with an Arduino UNO. The camera is
facing a white surface, attached at the bottom of the struc-
ture, where the user should place and move the blocks. In
Figure 2 a schematic view of the interface is shown, with all
the elements.

3. FUTURE WORK
Any project would have scope of improvement and also more
ideas to be implemented. In this Section, we describe some
features we would add to the system, together with improve-
ments that could be done.
First, we have mapped each colour to a different sound, and
the mapping was one to one. In addition to colours, Pixy
also recognizes pairs of colours (or colour combinations),
which would allow us to have additional sounds or more
complex mappings.
In the current system, each block represents one colour. A
good improvement would be to have one (or more) blocks
specifically for control, i.e. one block for a master volume,
another one to control a general stereo panning... For this,
we would need to work with colour combinations, as Pixy
only accepts 8 independent colours.
Regarding the tangible interface, the system could be more
robust in terms of calibration and colour coding techniques.
We had many issues regarding light conditions, as most
of the camera-based systems have at the beginning: each
time we set up the interface in a different room, with dif-
ferent lighting, we needed to re-calibrate the camera, do a
white balance and re-train the system, because the colours
changed. A necessary improvement would be to make the
system light-independent. A good way of doing so would
be including a light in the structure, such that the scene
always has the same brightness and the re-calibration is not
necessary.
Another aspect that would help to improve the interaction
would be to make the interface bigger: if we used a bigger
structure and the camera was further apart from the scene,
the camera would increase the field of vision, allowing more
blocks to be captured. This improvement is related to the
idea of having more than one instance of the same sound:
for example, if we had a colour associated to the sound of a
frog, then adding more blocks of the same colour would re-
sult in having more frogs together. This way, each instance
can vary in a different way, simulating a group of frogs for

example, where each one has the freedom to croak at its
own time and at its own volume, giving a more realistic ef-
fect.
Finally, not using blocks but other figures would make the
interaction much more interesting. In our prototype, we
used blocks made of cardboard. Since Pixy recognizes colours
and not shapes, we could have some colour-constant figures
with more interesting shapes. This could make the system
much more exciting for users.

4. CONCLUSIONS
The major goal of the project has been achieved: we de-
signed, developed and tested a tangible interface for the
creation of sound ecosystems is real time. Although it was
very challenging at the beginning, because the first idea was
creating a musical instrument, we finally used mostly ambi-
ence sounds and the result is much better in terms of how
real the sound effect is.
The most important outcome of this project it that a tan-
gible interface is seen rather than just a software playing
music, which is always a elephant in the room. An inter-
face for the interaction between PureData and Arduino has
been achieved, allowing to play around with sounds through
coloured blocks. It is to note that we have succeeded in
mapping each sound to a different colour, creating an ambi-
ence sound generator where not only which sound is playing
at each time, but also some sound properties are controlled
with the user’s hands. This is a perfect example of tangible
interaction with sound in real time.
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