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ABSTRACT
The Imaginary Marching Band is a series of open-
source wearable instruments that allow the wearer to 
create real music simply by pantomiming playing an 
instrument.
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INTRODUCTION
The Imaginary Marching Band is not just an 
experiment in interaction design or music generation. 
This is a project geared towards a larger goal: the 
liberation of spontaneous creativity from the theater, 
studio, and writing desk and to embed it into our daily 
lives.
It is also a performance piece, an actual band who will 
be performing at a variety of festivals and institutions 
around the world this summer and fall.
This project is open-source, both as software and as 
hardware. The hope is to encourage others to 
experiment within this area of design: the creation of 
invisible interfaces that mimic real world actions, and 
in so doing inspire a sense of play and enhance - rather 
than diminish - the creative experience.
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INSPIRATION
The twentieth century saw frequent bursts of 
innovation in the manufacture and design of musical 
instruments. From early novelties by Russolo and 
Theramin to mid-century instrument modification by 
John Cage and Ivor Darreg; from Laurie Anderson’s 
tape-bow violin and Michel Waisvisz’ electric 
Kraakdoos, to the hyper-speed advances of the 1980s 
in MIDI controller design (see Bill Aitken’s SythAxe 
and Starr Labs’ Ztar) and functional deconstruction 
(Robert Grawi’s Gravikord and Alan Gittler’s guitars); 
and finally, to turn-of-the-century labors of love, such 
as Yuichi Onoue’s Kaisatsuko or the bizarre 
Moodswinger Yuri Landman built for the band Liars in 
2006 - advances in music composition and mainstream 
music technology have been accompanied by flurries 
of invention at the technical fringes of the art.

Fig. 1 - Laurie Anderson

Fig. 2 - Gravichord

But almost none of these instruments have brought the 
Dionysian joy of actually creating music to a wider 
audience, nor the act of performance out into the “real” 
world; if anything, these inventions appeal exclusively 
to the most experimental of musical spaces. And none 
of these instruments ever caught  on in the mainstream 
in any meaningful way.
Recently, entertainment technologies, in particular 
gaming systems such as Harmonix Rockband, the 
Nintendo Wii, and Microsoft’s Kinect, have begun to 
re-envision how music is created and enjoyed. Apple’s 
most recent iOS runs Garageband, a downloadable 
music app that utilizes clever virtual instruments 
including tappable drum pads and pluckable guitar 
strings.

 Fig. 3 Harmonix Rockband Drums
Elegant and playful though these innovations are, they 
still limit the performer to the realm of “interacting” 
with a traditional screen, and thus they do not liberate 
the act of performance into the “real world” in any 
significant way.
A broader fact remains: beyond these few recent 
innovations and bizarre historical experiments, the vast 
majority of instruments have been always digitized in a 
completely artificial way. Trumpets, tubas, basses, 
harps, cellos, violas, flutes, and nearly every other 
instrument are more often than not “played” using a 
keyboard. Yamaha has offered a few lines of products 
in this realm, including trumpets and clarinets, but they 
remain as expensive and bulky as the instruments they 
mimic and are still of fringe appeal.



Fig. 4 Yamaha EX-TP MIDI trumpet
The lack of wide development in this area, paired with 
the rich and interesting historical precedents in outsider 
and experimental music and the recent innovations in 
commercial product design, point towards the 
possibility for interesting work. The Imaginary 
Marching Band attempts to create a playful, creative 
product and performance that simultaneously excites 
people about the possibilities of music and asks 
broader questions about the nature of interface and 
how we can have more meaningful and exciting 
interactions with the digital world.
INSTRUMENTS
As this work ranges over broad conceptual ground, I 
was initially unsure exactly what instruments I 
intended to create. I knew I wanted to tackle the 
Trumpet, as that had been the initial genesis of the 
idea, and Trombone, as it shares a great deal of 
functionality with the Trumpet and is the purest 
demonstration of the concept. I had initially planned to 
do these two and then move on to more traditional 
instruments like the keyboard and the guitar.
Once I had a working prototype of the Trumpet, the 
direction was clear: nearly every single person I 
showed the glove to suggested doing a Marching Band, 
essentially adding a Tuba (electronically a replica of 
the Trumpet but constructed differently) and then 
creating a Bass Drum, Snare Drum, and Cymbals.  I 
immediately responded to this idea, as it perfectly 
encapsulated the sense of play I was hoping to achieve 
with the project.
Arduino Uno
Micocontroller

Fig. 5 Arduino Uno

All instruments to date have been built using the 
Arduino platform, with prototyping occurring on a 
variety of different boards (Duelimanov, Uno, Mini, 
Seeduino film). The current instruments run off the 
extremely common Arduino Uno in order to make 
them as accessible as possible for DIY home 
construction.
MPX4115A Pressure Sensor (Freescale Conductors)
Trumpet, Tuba, and Trombone Mouthpieces

Fig. 6 Pressure Sensor
The Trumpet, Trombone and Tuba are realized using 
Freescale Conductors MPX4115A pressure sensor with 
a small piece of plastic tubing attached. Blowing into 
the tubing causes the instrument to play. The 
embouchure of the mouth on the tube determines what 
partial is played, ranging over three octaves and five 
separate starting notes, as it is on the real world 
instrument. 
The selection of this sensor was the result of a long 
experimental process.  Initial explorations involved 
exposed piezo elements and electret microphones, with 
a brief detour into small fans. These options proved 
insufficiently sensitive, and they did not meet with 
approval from consulted musicians: they were insistent 
that pitch control was less about the strength of breath 
and more about the shape of the mouth.
This led to the exploration of pressure sensors, 
including TDH30 industrial pressure transducers used 
in weather balloons (consumed too much power and 
required custom hardware tuning to ramp back from 
their default 3-10,000 psi) and the DesignFlex PSF102 
pressure switch, made for sip/puff wheelchair devices 
(incredibly accurate but too big for a wearable). 
Freescale Conductors’ MPX4115 series provided the 
best blend of default range (2.2 to 16.7 psi), size (about 
the diameter of a US quarter) and power.
The initial sensor was a flat model, sitting directly on 
the user’s hand at the joint of their thumb and index 
finger. 



Fig . 7 Initial Prototype
The musicians requested adjustments to the exact 
placement of the sensor but did not seem bothered by 
blowing directly into their skin. But critics from the 
design realm complained that the placement blocked 
the face, and that the prototype in general robbed the 
experience of the grand gesture that was possible when 
simply pantomiming a trumpet and blowing into your 
thumb. This led to the selection of a different form 
factors for the pressure sensor, that allowed for the 
attachment of a 1/4” plastic tube that I then ran up the 
thumb to a mouthpiece.
107-2005 Rolling Ball Tilt Switch (Mountain 
Sensor)
Trumpet and Tuba Fingering

Fig . 7 Rolling Ball Sensor
I performed a broad survey of available technology in 
an attempt to best imitate the finger motions used to 
close a trumpet’s valves. Flex sensors proved too 
unreliable and prone to breakage, and velostat 
conductive shielding stretched along the finger 
returned too inconsistent a value.
For the initial working prototype, simple buttons 
sufficed, though attempts were also made to use the 
finger to complete a circuit both across a single piece 
of conductive ribbon and through the finger using the 
human body as the ground. 
However, feedback from both trumpeters and critics 
stressed the importance of using the full range of finger 

motion in order to truly perform – as opposed to 
pressing any sort of button or piece of fabric in the 
palm of the hand. So a return to a flex based method of 
sensing seemed called for.
I was recently introduced to Matt Johnson and his Bare 
Conductive non-toxic conductive ink, and he and his 
team had promising results after painting the ink onto 
stiff paper and then pressing or bending it to return 
force and flex data. 
The promise this technology holds is significant, but it 
remains months from market at a minimum. In the 
meantime, I began to explore a very old solution (used 
as early as the 1920s for Arcade games and car 
alarms): the rolling-ball tilt sensor.
I bought a range of these simple, cost-effective sensors 
from Mountain Sensors (through Mouser), and found 
the 107-2005 model, the middle size with the leads 
attached, to be the most responsive and easiest to work 
with. This allowed for the responsiveness needed by 
the musicians while simultaneously forcing the 
trumpeter to fully pantomime playing.
Ping Ultrasonic Rangefinder (Parallax)
Trombone Slide

Fig. 8 Ping Rangefinder
The Trombone uses the same pressure sensor 
mechanism to determine partials as the one used in the 
Trumpet and Tuba. The slide that determines the notes 
between partials is created using a Ping Ultrasonic 
range finder. I knew from the get-go that we would be 
using a range finder for this particular instrument 
(though I did briefly experiment with a hand-made 
velostat flex sensor placed on the player’s elbow. Again, 
this cheap and innovative solution simply proved too 
inaccurate).
We tested a range of sensors, including the MaxSonar-
EZ1 and the ubiquitous Sharp rangefinder, but the Ping 
sensor was the only cost-effective solution that worked. 
The reason for this is that it is the only sensor I found 
that performs adequately at very low-distances (sub 1-
foot, a crucial range for the trombone). Though even the 
Ping cannot provide readings at a distance of less than 
about 4 inches, at least it simply provides irrelevant data 
at that point (displaying the max distance reading of 



1023). This is easily written out in the code. The other 
models of sensors returned data that was less easy to 
deal: rather than simply returning garbage, they zeroed 
out at the six-inch mark then counted all the way back 
up to 1023 in those final six inches. Combined with the 
fact that the Ping simply looks cooler than any other 
rangefinder, the decision to go with that particular 
model was a pretty easy one.

LY530ALH MEMS Motion Sensor (St)
Snare and Bass Drum Sticks

Fig. 9 Single Axis Gyroscope
The Snare and Bass Drums are identical in 
construction: a pair of gloves, each featuring a simple 
single-axis gyroscope that measures velocity along the 
axis of striking the drum (vertical for the snare, 
horizontal for the bass). 
While I always planned on using a gyroscope/
accelerometer system for the Snare Drum (and 
definitely intend to make a pair of full drum kit gloves 
at some point in the future), I had initially hoped to 
implement the Bass Drum with a much more cost- and 
power-effective range finder. However, the issues with 
close proximity outlined above and the difficulty of 
accurately calculating velocity meant that I ended up 
needing a gyroscope in each instrument.
I initially experimented with more sophisticated 6-axis 
control using the I2C interface, but this ratcheted up 
the cost as it required two Arduinos and it interfered 
with the Serial output I am currently using to 
communicate with the computer. While these would 
definitely be necessary for a full drum kit (where each 
pad needs to be placed at a very specific location in 3D 
space), it seemed overkill for this project (where all the 
computer needs to know is how hard and in which 
general direction the player is striking).

CYMBALS
FORCE SENSITIVE RESISTOR (Interlink)
Cymbal Pad

Fig. 10 FSR Pad
The Cymbals were perhaps the easiest instrument to 
create, and the first solution I attempted also turned out 
to be the final one.
Cymbals are an easy motion to model: playing the 
cymbals is essentially the same thing as clapping. So 
the ubiquitous ST FSR pad seemed a completely 
logical solution, as it would allow me to augment the 
player’s clap with cymbal note inside the computer. It 
worked perfectly on the first try.
DESIGN
The design process on these Imaginary Instruments has 
been a constant give-and-take between the desire to 
make something inexpensive and easily reproduced 
and to make something unique and beautiful.
Initial experiments perhaps erred to far on the side of 
functionality, as I attempted to make gloves that too 
closely adhered to the concept of “Invisible,” as the 
instruments were then named. I attempted to make a 
glove that could literally be hidden inside of a garment 
if needed. The result was that the motions required 
were very close to the face, thus greatly lessening the 
performative nature of  playing them.



Fig. 11 Initial Prototype
This led to a clear direction, one that was echoed in 
feedback from musicians, artists, and fashion designers 
alike. The gloves must first and foremost force the 
player into an act of “playing” the instrument, in all the 
senses of the word. Creating the biggest and most 
ridiculous pantomime was vital, at the expense of all 
else.

Fig. 12 Refined Prototype
After extensively researching the components needed 
to achieve this, I began to collaborate with my good 
friend, fashion designer Lauren Lacey Slowik. We 
identified early on that we shared a desire to initially 
leave the components exposed, making it clear to 
people who see the instruments that they are looking at 
a new invention. As this went against the concept of 
“Invisibility,” and as we felt that word did not 
encompass the sense of play and performance we 
wanted to convey, we decided to change the name from 
“Invisible” to “Imaginary.”
I also received a lot of feedback on early prototypes 
that they needed to go one direction or another - either 
hide the computer parts or make full reference to them. 
One observer at an early critique suggested using 
rainbow wire for all the visible connections, an idea 
that both matches my retro/colorful aesthetic and that 
plays into the “Imaginary” concept - rather than hiding 
the instrument, we are actually augmenting it with 

functional-seeming parts that have no real purpose 
other than to enhance the device’s appearance.
This led us to another moment of inspiration - again 
focused on augmenting and highlighting the 
mechanical elements of the gloves rather than 
diminishing them. We realized that by simply spray-
painting the Arduino and various sensors gold we 
could achieve a very fun and consistent aesthetic 
without adding any great additional cost to the project. 
We mounted these on actual white marching band 
gloves, and we are very pleased with the result. 

Fig. 13 Final Imaginary Trumpet
As Lauren pointed out, we have finally achieved an 
aesthetic that both fits the nature of the project and my 
own personal taste: “100% Captain EO” (a reference 
for those not in the know to the classic Michael 
Jackson/George Lucas 3D movie from the EPCOT of 
our childhoods). 

Fig. 14 Final Imaginary Cymbals



Best of all, this design can be modified to fit a variety 
of aesthetics, particularly usefully as one of the 
rewards we promise to provide on our recently 
launched Kickstarter site are gloves made in the 
buyer’s school’s team colors. We can do this simply by 
switching out the color of wire and spray-paint, 
changing our production process and varying our cost 
as little as possible while providing a great deal of 
personalization.
CODE
The requirements of the various instruments have 
resulted in some pretty different codebases, despite the 
fact that all six ultimately export Serial Data formatted 
for easy conversion into MIDI data. Right now I am 
using Mark Demers’ Serial to MIDI conversion 
Processing application, and I have experimented with 
adapting the code to allow for more than one instrument 
at once. This causes too much overhead on the system 
when running any major audio audio software. For the 
moment, we simply plan on bringing our own laptops to 
rehearsals and plugging their audio outs into a mixer.

Fig. 15 - Serial MIDI Converter
As far as a long term solution to this issue, there are 
multiple avenues. MIDI processing can certainly be 
done on glove, but that results in additional cost and 
means that the glove requires a MIDI interface on the 
computer’s end rather than the far more ubiquitous 
USB. Another solution would be to use Max/MSP to 
create the music, rather than making it compatible with 
all audio software. Max could easily handle the Serial 

conversion but this again this would create barriers for 
easy adoption of the technology.
The best solution is one that occurred to some degree by 
chance. As mentioned before, I used the Arduino Uno in 
constructing the gloves despite its bulky size compared 
to the Seeduino, Arduini, or LilyPad because it made 
rapid prototyping much easier and because it is so 
widely available. A side benefit of this that did not 
occur to me at the time is that the Uno comes with the 
ability - unique among current offerings - to interface 
with the computer directly as a USB device. While this 
will require some additional research and some tricky 
coding, it is most certainly possible and should enable 
the final code of the gloves to allow full and complete 
plug-and-play functionality with no need for any special 
software. As I have regularly run Logic with 5 or 6 
professionally produced USB MIDI instruments 
plugged in, I am confident that this should solve any 
problems with simultaneous instruments and at the 
same time allow for an  even more accessible 
experience overall.
Brass
For actual source code, please visit 
www.imaginarymarchingband.com.
The trumpet is the first instrument I attempted and the 
one that has reached the highest degree of polish in its 
current form.
Whenever the player plays the glove, the Arduino writes 
Serial data to the computer through USB in the format 
of MIDI, which is expressed as three sequential 8-bit 
values. The first value is Message and it tells MIDI 
what to do - in the case of the trumpet I only used 144 
for ON and 128 for OFF. The second value is Pitch, and 
this tells MIDI which note to turn on or off. These notes 
run from 0 - 127, starting at low C (C1). The final value 
is Velocity, or how hard the note is played. This again 
uses values from 0-127 and in the present trumpet it is 
set as a constant at 127. 
The Message that is sent is determined both by pressure 
(for partials - C, G, C, E, G) and by fingering (for all the 
other notes in between). The exact values of the partials 
were set with a professional trumpeter to match the 
embouchure - the lip opening used with a real trumpet - 
as much as possible. Fortunately, the pressure sensor’s 
readings are fine-grained enough that no mapping was 
necessary - the code simply sets a default value at the 
beginning to account for the environment. There is a 
reset switch on the glove in case this ever gets 
significantly off. Within these partials, the fingering 
determines individual notes - with separate functions for 
each partial.
Though this was very close, it was not completely 
adequate, as the boundaries between partials are not 
firm. Within the middle C partial, for instance, a player 
with the general C embouchure and holding down the 
first two fingers could produce either a C-sharp or a B, 



depending on how hard they blow within that 
embouchure. This simply meant doing away with the 
general partials entirely and creating a separate function 
for each individual degree of pressure - essentially C 
soft, C hard, G soft, G hard...
The Trombone utilized the same mechanisms for breath 
(and requires the same adjustment to partials) but 
presented an additional challenge due to the need to 
slide between notes. This was accomplished using a 
different Message, Pitch Bend, as the player transitions 
between notes. This is only partially implemented, and 
honestly the audio instrument we are currently using is 
good enough that it goes a long way to creating this 
effect out-of-the-box. The notes themselves are set by 
an analogRead of the range finder. 
Percussion
The cymbals code is by far the simplest, as it merely 
involves an analogRead on the force sensitive resistor. 
There is a velocity threshold that determines whether a 
Pitch is played (in this case that Pitch is 57, which is 
commonly used as a cymbal in various drum packages). 
In a reverse of the brass instruments, the Pitch is held 
constant while the Velocity is set by the sensor, 
allowing for louder strikes to create louder cymbal 
crashes.
The drums, since they are now built with single-axis 
gyros, have similarly easy-to-use data - they simply 
return velocity along an axis, which as with the cymbals 
is used to set the Velocity of a constant Pitch.
AUDIO SOFTWARE
It was my goal from the start to create something that 
works as a normal MIDI instrument, and thus is 
compatible with all manner of audio software. I am 
happy that this was accomplished even in this first 
iteration of the project.
Testing during the development phase was done in 
Garageband, to ensure that I was setting the lowest 
possible bar of entry for new players. Unfortunately, 
Garageband does not have a solo Trumpet nor 
Trombone audio instrument, so this required 
purchasing a sample. I selected the Kontakt Sax and 
Brass pack by Native Instruments, as it is only $59 and 
was certainly adequate for this prototype. Eventually I 
plan on recording our own samples to be included with 
the code, making the project completely open source.
Another reason to ensure that we were developing for 
Garageband is the potential this could offer us with the 
iPad for a truly mobile Marching Band. Provided the 
process of enabling the Uno as a stand-alone device 
goes well, this summer I will be developing an iOS app 
that will hopefully allow us to use existing hardware to 
attach the instruments directly into the iPad. 
PERFORMANCE
Of course, one of the main aspects of the Imaginary 
Marching Band is its realization as an actual 

performance piece. My first and greatest love as an 
artist has always been the theater, and I imagine the 
Marching Band growing into a unique and one-of-a-
kind stage show, featuring new songs and covers and 
involving an intricate A/V component. Trombonist 
Robert Donnelly, Trumpeter Alden Ford, and 
Percussionist Edward Knotts already have versions of 
their respective instruments to practice with, and we 
hope to have our first full group rehearsal within the 
next few weeks.
We will be performing even as we develop these new 
aspects of the show this fall at the Ars Nova ANT 
FEST and and hopefully the Ambience ’11 Festival at 
the University of Boras in Sweden. The band will 
eventually consist of twelve musicians, with myself on 
vocals (and possibly Imaginary Baton). 
NEXT STEPS
I am currently pursuing a variety of funding avenues, 
including a Kickstarter fundraise, and am interested in 
additional funding opportunities.
Technical development will continue towards 
eventually making versions of the gloves that are truly 
“soft” and wearable. I will also be developing pairs of 
gloves that can function as any of the six instruments 
with the flip of a switch. This further R&D will include 
stints at EnsAD in Paris and the University of Boras in 
Sweden this summer, and I hope for an eventual 
collaboration with Stoll labs in Ne York to produce 
gloves and musical garments with the wiring entirely 
woven into the fabric. 
The Band will practice this summer, and we will 
produce additional gloves as we add members. We will 
hopefully be available for private and public 
engagements (some of which can be booked through 
our Kickstarter page) this fall.
You can see video demonstrations, learn more about 
the technology, and download circuit drawings and 
source code for the instruments at 
www.imaginarymarchingband.com.
CONCLUSION
The Imaginary Marching Band received its first bit of 
press recently, on gizmag and slashdot earlier this 
week, and it caused some thought-provoking reactions. 
Most people seemed to appreciate it. There were some 
griefers complaining about the lack of fidelity of the 
sound that is actually produced, and one person 
suggested I should have spent the time building an 
actual trumpet, which seemed weird. But there were 
also some people who appeared a bit more deeply 
disturbed by the implications of the project - by its 
seeming attempt to remove or replace an object that is 
one of the last remaining pieces of sacred 
craftsmanship in our world, the musical instrument. I 
can understand their concern - I myself am one of the 
increasingly unfashionable luddites who still reads 
actual books, and one of my first splurges if I ever hit it 
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rich would be a real piano. But I also feel like these 
commenters mistake my intent.
While I am certainly interested in exploring the 
decreasing importance of objects in our modern world, 
and by extension the diminishing sacredness of 
“reality” itself, this work is not really an attempt to 
reproduce the sensation or even the effect of playing an 
actual trumpet without the object present. Yes, it 
accomplishes this end, but at its core its goal is really 
to present a new way of interfacing with the 
technology that is increasingly permeating our lives. 
Musical instruments are simply a great place to start as 
they both have a limited number of inputs and outputs 
and are inherently performative in nature.
Wearable, truly ubiquitous computers seem just around 
the corner in a wide variety of speculative fiction, both 
new - Vernor Vinge’s Rainbows End, Charles Stross’ 
Accelerando - and old - Asimov, Niven, Clarke, James. 
I certainly could have used the time and effort spent 
creating the Band to actually build a prototype of the 
tools these futurists envision, actually invisible clothes 
that allow you to interact with the digital world without 
anyone knowing it.
But the future, and our work towards bring it into 
being, does not have to be so so isolating. The 
Imaginary Marching Band is an alternate route, the 
same technological advancements applied in a way that 
forces us to perform, to move through and interact with 
the real world, even as we create lasting digital 
content. I imagine a day when these gloves can be used 
easily with a mobile phone, when people 
spontaneously break out into trumpet solos on the 
subway, making a fool of themselves perhaps but 
nonetheless creating a very lasting memory in the 
minds of those around them of a moment that was truly 
real.
It is to this end that my plan is to make this project 
entirely open-source, for all uses and purposes. More 
than anything, my hope is to try and guide interaction 
design towards a more sensible, humorous, and dare I 
say humane perspective. I think we can get there, but 
we need a new design ethos, one that takes fun and 
individuality and performance and even a little bit of 
craziness into account, of equal weight with aesthetics, 
implications, and usability.
Plus I bet if we practice really hard and get really good, 
we could open for Girl Talk.
ACKNOWLEDGMENTS
Thanks to Sabine Seymour for being a great champion 
of this project throughout its development; to Lauren 
Lacey Slowik for being an energetic and enthusiastic 
creative partner; to the Fashionable Technology group 
and Design and Technology program at Parsons; to 
Elisabeth de Senneville, Cristobal Karich, and Martin 
De Bie of the EnsAD materials lab; to musicians Brett 
Benge, Edmund Choi, and Dan Krasow; Barbara 

McLean and Edward Knotts for their constant creative, 
emotional, and financial support.
REFERENCES
Attali, Jacques. Trans. Massumi, B. Noise: The Political 
Economy of Music. University of Minnesota Press, 
1985.
Cage, John. Silence. Wesleyan, 1961.
Demers, J. Listening Through the Noise: The Aesthetics 
of Experimental Electronic Music. Oxford University 
press, 2010.
Goldberg, R. Performance Art: From Futurism to the 
Present. Thames & Hudson, 2001.
Holmes, T. Electronic and Experimental Music: 
Technology, Music, and Culture. Routledge, 2008.
Hopkin, B. Gravikords, Whirlies & Polyphones: 
Experimental Music Instruments. Elipsis Arts, 1996.
Huber, D. The MIDI Manual, Third Edition: A Practical 
Guide to MIDI in the Project Studio. Focal, 2007.
Igoe, Tom. Making Things Talk: Practical Methods for 
Connecting Physical Objects. Make, 2007.
Kahn, D. Noise, Water, Meat: A History of Sound in the 
Arts. MIT Press, 2001.
Milner, G. Perfecting Sound Forever: An Aural History 
of Recorded Music. Faber & Faber, 2010.
Nyman, M. Experimental Music: Cage and Beyond 
(Music in the Twentieth Century). Cambridge 
University Press, 1999.
Ross, Alex. The Rest Is Noise: Listening to the 
Twentieth Century. Picador, 2008.
Seymour, Sabine. Fashionable Technology. Springer 
Vienna, 2009.
Stross, Charles. Accelerando. Ace, 2006.
Vinge, Vernor. Rainbow’s End. Tor, 2007.



APPENDIX A
TECHNICAL DATASHEETS 

Products in BOLD used in final implementation
Freescale Conductors MPX4115A pressure sensor: http://www.freescale.com/files/sensors/doc/data_sheet/MP 
X4115A.pdf
Interlink Force Sensing Resistor: http://www.sparkfun.com/datasheets/Sensors/Pressure/fsrguide.pdf
Mountain Switch Rolling Ball Tilt Switch 107-2005: http://www.mouser.com/catalog/specsheets/MS-100905.pdf
Parallax Ping Ultrasonic Rangefinder: http://www.parallax.com/dl/docs/prod/acc/PingDocs.pdf
ST LY530ALH Single-Axis Gyroscope: http://www.sparkfun.com/datasheets/Sensors/IMU/LY530ALH.pdf
Fabrick.it conductive ribbon: http://fabrick.it/files/datasheets/fabrickit_ribbon_datasheet.pdf
Transducers Direct TDH30 pressure sensor: http://www.transducersdirect.com/HeleoCart/Data/SoftGoo dPreview/
TDH30_(1.11).pdf
Design Flex PSF102 Switch: http://www.designflexswitches.com/switches/psf102.php
Bare Conductive Ink: http://www.bareconductive.com/home.html
3M Velostat 1704 Conductive Film: http://www.all-spec.com/downloads/3m/TM1704- 36_060110m.pdf
MaxBotix LV-MaxSonar-EZ1 Ultrasonic Rangefinder: http://www.maxbotix.com/uploads/LV-MaxSonar-EZ1- 
Datasheet.pdf

APPENDIX B
PRIOR ART - PATENTS

1942 Electrical Clarinet
1959 Device for measuring speech
1966 Fluid Pressure Actuated Sensor controlled instrument
1969 Breath Control sensor for single-tone musical instrument
1976 Trumpet using variable wind pressure post valves
1977 Breath pressure actuated electronic instrument
1981 Wind sensing mouthpiece for electronic instruments
1984 Hand-held musical instrument and systems including a man-machine interface
1985 Musical instrument
1988 Synthesized Whistle
1990 Musical wear – finger switches
1990 Air flow response controlled musical instrument
1990 Electronic musical instrument with pitch alteration function
1991 Electronic musical instrument with a tone parameter control function
1992 Electronic musical instrument with selection of standard sound pitch of a natural instrument
1992 Pitch data output apparatus for electronic musical instrument having movable members
1993 Breath controller for musical instruments
1997 Hands-free input device for operating a computer having mouthpiece with plurality of cells
1997 Wind instruments with electronic tubing length control
1998 Hybrid electronic and acoustic musical instrument
1999 Electronic wind instrument capable of diversified performance expression
1999 Woodwind-styled electronic musical instrument
2002 Musical instruments that generate notes according to sounds and manually selected scales
2002 Musical wind instrument and method for controlling such an instrument
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2003 Voice-controlled electronic instrument
2003 Wind controller for music synthesizer
2005 Musical tone generating apparatus and method for generating musical tone on the basis of detection of pitch of 
input vibration signal
2006 Hybrid wind instrument selectively producing acoustic tones
2008Tone generator control apparatus and program for electronic wind instrument
2009 Electric wind instrument and key detection structure thereof
2010 Hybrid wind musical instrument and electric system incorporated therein
2010 Instrument
2010 Flute controller driven dynamic synthesis system
2010 Wind musical instrument with pitch changing mechanism and supporting system
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