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This document reports the design process and results of the diabolo project, done 
at Eindhoven University of Technology, department of Industrial Design. This pro-
ject is a version of the so called “GMIS” project: “Designing a Group Music Improvi-
sation System”, part of the “Out Of Control” - theme.  The main focus of this project 
is on investigating how to design for systems. Students are forced to think about 
their own design as part of a larger group or system.

This is, and will increasingly be an essential skill for any designer of interactive sys-
tems as more and more interactive systems will invade our homes, like care-robots 
e.g. These interactive systems will “meet” each other but also need to get along. 
This will not happen by accident and can only be achieved if their way of interact-
ing is designed purposefully.

Group music improvisation is the ideal subject to investigate these interactions, 
since interaction is essential to make it work. When making music, musicians inter-
act in numerous ways: they can express themselves through dynamics, volume, ef-
fects and many others, even body language. These expressions can be interpreted 
and enjoyed by the audience, but can also be used to influence fellow musicians. 

The skill to interpret these expressions is already present in human beings and al-
low us to interact with each other. But how do we translate this into an interactive 
product when it’s part of a larger system of interactive products? 

This project is about the development of an interactive instrument that can be 
played “stand-alone” as well as interact with other instruments in a group improv-
isation setting, which helps the designer gain valuable skills on how to design for 
system interactions. These interactions could be infuencing each others sound, 
volume, e.g.

The final concept is a diabolo that can be used to make music by spinning it and 
throwing it up in the air. in addition, tricks, different diabolo colors or playing with 
multiple diabolos make different sounds to reward the user as well as enable the 
user to express himself.

The diabolo is part of a group, or system, with two other instruments, of which the 
system-interactions are designed.

Synopsis
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Introduction
Over the past few months a project called “GMIS“, which stands for “Group Music 
Improvisation System“, was done in the “Out Of Control“ theme (OOC) at the Eind-
hoven University of Technology. This project is done for the University in order to 
help students gain valuable skills on designing for system interactions.

The project aims to develop an interactive instrument, one for every group or indi-
vidually for pre-master and exchange students, and make the instrument interact 
within a group music improvisation setting, investigating and designing the interac-
tions along the way for a smoothly working system.

This document reports on the process, the steps taken as well as looking at the 
final results and user evaluations.

If any questions occur, please feel free to contact me.

Enjoy!

Lester Moorman
L.f.moorman@student.tue.nl 
+31616201907

S146949 - Pre-master
Faculty of Industrial Design
Eindhoven University of Technology
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Design brief 
The Designing a Group Music Improvisation System, or “GMIS“- project is done for 
the Out of Control theme, they function as client. The Out of Control theme is part 
of the Eindhoven University of Technology and focusses designing for systems that 
are bigger than the designed product itself, hence the name “our of control“

The design brief states a clear goal for this project, which is a learning goal, rather 
than a specific final product:

“Investigating How To Design For Systems Through Designing A Group Music Im-
provisation System”

The design brief also stated that the approach to reach this learning goals should  
be multiple designers collaboratively designing a multi-user system consisting of 
multiple different and unique devices acting individually and as a whole. 

The design brief also states specifically that the target group are the coaches of the 
Out of Control theme and is not aimed at “special user groups“, like children e.g. in 
order to make sure the focus of the project remains on the system and the interac-
tions.

Although the goal of the project is not a specific final product, there are a few 
guidelines and restrictions in order to make sure the learning goal is achieved:

The design should:
- Be a novel, interactive, 21st-century musi-
cal instrument 
- Allow the instrumentalist musical expres-
sion 
- Allow external influences on its own behav-
ior 
- Be ‘out of control’ in some way 
- connect to other designs 
- influence others 
- support self-organization

Also, the design should: 
- Not be screen based 
- Not isolate instrumentalists but invite in-
teraction 
- Not generate random sound, but allow the instrumentalist a degree of control 
over what he/she creates

Interactions between musicians and 
their instruments
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Pressure Cooker
The project kicked off with a pressure cooker, which entails a short design cycle of 
approximately a week to get going.

Since the goal of the project is a 
learning goal and not a specific 
final product or concept, the pos-
sible dirrections in which to go 
are almost endless. This pressure 
cooker was designed to branch 
out, globally explore some area’s 
of interest and then re-focus the 
information into a defined con-
cept.

In order to explore some area’s of 
interest, some quick literature re-
views where done, which focused 
mainly on using electrical bio-sig-
nals of humans as a core musical 
material: Tahiroğlu et al. (2008) 
and how characteristics of a musi-
cian, like emotions, can influence 
a digital instrument: Ostos Rios et 
al. (2013). These articles served as 
inspiration for multiple ideas and 
concepts.

The pressure cooker also entailed 
mindmaps on topics like “ways of 
making music“, “music improvisa-
tion“ and “ways of communicat-
ing“, which also served as inspiration for concept possibilities. 

The pressure cooker resulted in three general idea-directions. The first of these di-
rections focused on hands-on interactivity: something like a glove, which then can 
be used by multiple people to make music through handshakes, high fives, holding 
hands, e.g.

The second was about translating electrical bio-signals into music in an attempt to 
translate the musicians emotions into a musical instrument.

The third idea-direction was about transforming toys into musical instruments, 
inspired by the fact that playing an instrument should be fun and inviting.

One of the idea-directions in the sketchbook 

A mindmap from the pressure cooker
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Model to illustrate the use of electrical bio-signals to make music
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Looking at the three general directions that resulted from the pressure cooker, 
there was no obvious direction in which to continue the project, mainly because 
the project is more about system interactions than anything else, and it was hard 
to predict if any concept had an advantage over another in that respect.

To decide between the three directions, a small, subjective, list of criteria was made 
that states a personal definition of the essence of music:

Playing an instrument:

1. Should be fun & inviting.
2. Should require and promote social interaction with fellow players
3. Should enable the player to reach different skill levels, or in other words:   
 practice should be rewarded.
4. Must enable the player to express him/herself, by adopting an own style of  
 playing e.g.

After carefull consideration of these criteria and the concepts, the decision was 
made to focus on toys as instruments, showing the most promise to live up to the 
aforementioned standards. This being so, because playing with a toy is fun & in-
viting in itself, usually full of social interaction and, depending on the toy, it can be 
rewarding and allows one to express himself.

The four characteristics of music
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After deciding toys as instruments as the concept-direction going forward, it was 
time to enter  the 2nd iteration. This iteration was all about exploring different pos-
sibilities to transform toys into instruments and deciding which idea fits the four 
criteria of music the best.

This was achieved 
mostly by sketching 
and brainstorming. The 
brainstorms entailed 
topics like “Toys“, to list 
all the toys that came to 
mind and “Favorite child-
hood activities“ Which 
was also meant to find 
games and toys, but has 
a more personal touch 
and doesn’t have to be 
a toy per se in order to 
discover some different 
results.

What stood out most 
during this iteration was 
that all the possible toys 
allready have one of the four criteria in common: It’s fun and inviting, which is 
pretty obvious for any other toy as well.

As for the social interaction the toys mostly differentiate by being multiplayer in 
itself, like the traditional Dutch “Sjoelbak“, which is a multiplayer game, which ac-
tually cannot be played alone, or the trampoline, which can be used both by one 
person as well as with multiple people, or the hoolahoop, which is exclusively sin-
gle player, but does draw a crowd as well as other hoolahoop players and in that 
way invites people to “play together individually“

Enabling the player to express himself and the possibility to develop different skill 
levels both lie in being able to do “tricks“ with the toy, since this gives the player 
the opportunity to gain skill levels as well as develop an own trick “library“. Exam-
ples of this are footballs and jumpropes.

Toys as instruments

A sample of the sketches from the 2nd iteration
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Choosing a concept
Out of the sketches followed a concept, based on the 4 criteria about the essence 
of music. As stated earlier the concept-direction in itself allready fulfills one of the 
criteria in being fun and inviting.

Most of the toys also invite social interaction, so the first sifting of ideas was based 
on the player being able to do tricks, which enables the player to express himself 
as well as gain skill levels. After the first selection of ideas, there were a few left to 
be chosen from like a hoolahoop, a jumprope, a diabolo and a football

The second and final selection of ideas was mostly about the extent to which the 
player could do tricks and the appeal of those tricks. Also the social interaction as-
pect was taken into consideration. 

On the social interaction side of things, the football represents an ideal scenario: it 
enables two ways of social interaction: Players can take turns in juggling and doing 
tricks with just one ball, as well as both play simultaneously with each their own 
ball. The same scenario applies to some extent to the jumprope, although playing 
with two people and one jumprope is not ideal, more than two players is perfectly 
possible though. As for the possible tricks and their appeal the hoolahoop and the 
jumprope don’t do so well. The Diabolo and the football have many more appeal-
ing possibilities, by far.

Problem with the football is that the tricks are nearly impossible to translate into 
different sounds to creat music. Since juggling a ball with your feet, head, knees 
e.g. is not detectable in the ball itself and the player would have to wear special 
clothing to make it work.

With the diabolo there are many more accesible possibilities: rotation speed, 
height, orientation, spinning the daibolo on the sticks e.g. It also has more possibil-
ities to make playing it visually rewarding, like lights, fire, smoke, etc.

With that in mind the diabolo was chosen as the final concept. The idea was to 
make the rotationspeed the pitch of the sound generated, the height to which it’s 
thrown the amplitude (volume) of the sound and let tricks generate unique sounds 
as a way of rewarding the player.

The vision for this  concept is people playing the diabolo, expressing themselves 
with tricks, exchange tricks with others and do music improvisation together to cre-
ate a show with both sounds and visuals. In time people would then create on- and 
offline communities where people can share tricks as well as trade diabolo-related 
stuff and plan events to get together



13

A diabolo
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Midterm demo day
The midterm demoday is a day at the Eind-
hoven University of Technology,around the 
midway point of the project where students 
are assigned to groups where they can pitch 
their project to other groupmembers and 
coaches to recieve feedback on their project

In order to pitch the diabolo concept, both a 
storyboard and a video explaning the con-
cept where made.  The video shows some-
one making music with the diabolo. The 
sounds where recorded and added later to 
the movie.

The storyboard explains the vision on how 
the user would play with the diabolo. It 
explains the basics of playing the diabolo 
as well as tricks, rewards and ways for the 
player to express himself.

The midterm demo-day resulted in some 
valuable feedback. Suggestions included 
using different diabolo-colors for different 
sounds, much like choosing your preffered 
guitar, e.g.

Also someone noted that making music, or 
a performance, is not just sound. It also in-
cludes visuals. This was allready thought of 
in the concept, but still a good point to keep 
in mind.

Another good point was that playing a dia-
bolo might not be as easy as assumed. The 
first assumption was that nearly everybody 
would be able to spin the diabolo, throw it 
up in the air and then catch it. From there 
one could start practicing tricks.

The advice was to validate this assumption 
by doing user tests and maybe think of a 
more accesible way of getting started with 
playing. 

Videiostills from concept 
impression video
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User tests
The final iteration was all about user 
tests and prototyping. The first user tests 
were not related to any prototype but 
was about testing if people can spin the 
diabolo, throw it up in the air and catch 
it in a few tries. The decision to do these 
user tests followed from the advice given 
at the midterm demo-days to validate the 
assumption that most people should be 
able to do it in a few tries.

Because if not, a consideration would be 
to create a more accesible way to start 
playing. 

The results of the tests weren’t as hoped 
for at first:  only 5% could play the diabo-
lo in a few  tries. However, after a quick 
explanation on the technique of spinning 
a diabolo, throwing it and catching it, this 
number increased to 50%.

Conclusion of these tests was that it’s not 
required to create a more accessible way 
of playing the diabolo as a musical instru-
ment.  Since most participants didn’t get 
more than a few minutes to try to spin 
and throw the diabolo, the expectations 
are that at least 95% off the people will 
be able to do it in a few days. For this 
project this is considered acceptable, also 
since learning the basics of any musical 
instrument usualy takes way longer.

User tests
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Prototyping
Making the prototype was the greatest challenge of this project. The first goal was 
to create a diabolo that modifies the pitch of the sound played, based on the ro-
tation speed of the diabolo. Second goal was on modifying the amplitude of the 
sound being played by throwing the diabolo up in the air and then catching it. This 
would then serve as a foundation to implement tricks

After posting a topic in the 
Arduino forum and chatting 
with the technical support 
of Sparkfun (See appendix 
A), a consumer electronics 
company based in Colorado, 
USA, the parts where ordered: 
Arduino Pro Mini (little micro-
controller chosen for it’s size 
and voltage), an LSM9DS0 9 
Degrees Of Freedom board 
(9-DOF), which has 3-axis ac-
celerometer, 3-axis gyroscope 
and 3-axis magnetometer on 
board, a bluetooth mate and 
a Wifi breakout for the wire-
less conection, a bluetooth 
USB dongle for the laptop side, as well as a Lithium battery to power it.

the 9-DOF board was chosen for it’s gyroscope and accelerometer. A gyroscope can 
measure angular velocity – which basically means: “how fast, and along which axis, 
am I rotating?”  So that was used  to measure the rotational speed of the diabolo. 
The accelerometer, which can measure acceleration in three axis, was intended to 
tell wether the diabolo is moving up or down and thus detect when it’s thrown and 
where it’s at in it’s movement.

A great help to get everything set up was the hookupguide at sparkun, which has 
assembled nearly all the necessary information to make it work (Jimb0, 2014). 

After getting the board to work with the Arduino, a wireless bluetooth connection 
was implemented to be able to actually build it into the diabolo for testing and cali-
brating (JimB0, 2013).

Making sense of all the parts and programming
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Calibrating and testing
After setting up a connection between the diabolo and a laptop and reading the 
values from the gyroscope and the accelerometer, the programs where finetuned 
and the sensor output and the time in between transmitting and receiving data at 
both ends where calibrated.

The two software programs that where used to do this where Arduino software 
and Processing, both are Java-based languages. Arduino was used to program the 
microcontroller and it’s atached components. In this case the code on the Arduino 
side reads data from the 9-DOF board and transmits it to the serial monitor (See 
Appendix B for the Arduino code).

In the Processing code the laptop makes a connection through bluetooth to the 
particular COM-port the Arduino is transmitting to and starts listening. The infor-
mation that is recieved is being stored in an array and processed to adjust a sine-
wave and thus the sound (See appendix C for the Processing code).

Unfortunately using the accelerometer as a means of measuring the height, or 
vertical movement, of the diabolo didn’t work as was hoped. The readings from 
the accelerometer weren’t usefull enough to serve as a good way of modifying the 
amplitude of the sound. 

The x- and the y- axis of the accelerometer, which run parallel to the short and long 
side of the chip, can’t be used, since the diabolo is spinning and the acceleration 
in those directions is at it’s maximum almost the entire time.  The z-axis which is 
perpendicular to the top of the chip, only gives small vallues when the diabolo tilts 
up- or downwards a bit and throwing it up in the air hardly influences the values of 
the sensor.

At that point in time there was no more time to fix it, so the decision was made to 
take the functionality of modifying the amplitude, out of the prototype. The read-
ings where very distorted causing the amplitude to rise and drop inadvertedly, 
which was undesirable. Also tricks weren’t implemented due to a lack of time.

This resulted in the final prototype only having the functionality to adjust the pitch 
of the sound based on the rotation speed of the diabolo. 
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Assembling the electronics

Build into the diabolo
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System interactions
As mentioned before, the project is about designing interactions between multiple 
interactive products, investigating how to design for systems. 

The diabolo is not only a stand-alone instrument, but also part of a group, team 
“sputnik“, with two other instruments with which it can do music improvisations. 
The system interactions where designed in colaboration with the two students that 
made the other instruments in this group. One instrument is called “Seed“ and in-
volves a “pottery wheel“ and a player making music by shaping the foam that is on 
the wheel. The other instrument is called the “Rock ‘n Board“ and is a board where 
the user can stand upon and use his balance to rock back and forth and create mu-
sic that way.

The system interactions are about the way each instrument can be influenced and 
can influence others. This way the learning goal is being reached and it makes a 
smooth music improvisation possible. These are the system interactions:

Diabolo:
1. Throwing the diabolo high causes the Seed’s pitch orientation to reverse
2. Grinding the diabolo on one of the sticks gives the Rock ‘n Board a new range of 
notes to play between
3. Tapping the sticks together causes the total volume of the team to reduce

Seed:
1. Creating a sudden deep groove in the form causes a reduction in the diabolo’s 
volume
2. Quick change in pressure on the pedal temporarily increases the potch of the 
Rock ’n board
3. Applying pressure on the top of the for decreases the volume of the team

Rock ‘n Board:
1. Rapid change in volume reduces the volume of the diabolo
2. Varying the tilt angle of the board influences the speed at which the Seed spins
3. Pressing the calibration button on the handle increases the overall pitch of the 
team.
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User tests, part II
The vision for the diabolo concept is people playing the diabolo, expressing them-
selves with tricks, do music improvisation together and form communities to share 
their passion. To realize this , it has been designed in a way that it invites social 
interaction, allows the players to express themselves and that it’s challenging  and 
rewarding to practice, but is it also more fun than a traditional diabolo?

A diabolo is fun and inviting in itself, judging the smiles when people saw the diab-
olo and people asking if they could try it. But for people to actually buy this musical 
diabolo, learn the tricks, express themselves, interact with other players and form 
communities, it would definitely help if the user considers this diabolo more fun 
than a traditional diabolo, since there is no new target group being targeted.

A quick online study learned that there are not many, and certainly no big online 
diabolo communities (no communities found larger than a 1000 people). This could 
be due to the fact that when the traditional diabolo was most popular, internet 
communities where not as common as they are today.

Chances are that with a new, novel diabolo people would form communities this 
time around, which could also be stimulated with the business model used to at-
tack the market. First step, however, was getting an indication if the musical diabo-
lo would be considered more fun.

After a meeting with Dr. J. Terken, associate professor of the sub-department User 
Centered Engineering at the faculty of Industrial Design, discussing possible meth-
ods of getting the desired information, the decision was made to use a version of 
the “Hedonic Utility tests“ . 

HED/UT is an attitude measure from the consumer behaviour literature, and con-
sists of 12 items measuring hedonic value, and 12 items measuring utilitarian value 
of a service or concept (All about ux.org). 

However, there have been some known reliability issues with the original measur-
ing items, and because of that an adjusted scale has been used, founded and first 
used by reseachers on comparing mobile services: van der Heijden et al.(2003).  
The report recommends to use this scale with care and preferably in exploratory 
settings only, which is the case in this setting.

Some general questions where added to the scale as a means of inspiration. Since 
utilitarian value was not the subject of this user test, the scale was not used (See 
appendix D for a template of the user test used in this project).
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The test started with people playing a tradition diabolo, after which they filled in a 
table on how they aprreciated it. After that, they where asked to play the prototype 
of the musical diabolo and fill in the same table as well as some aditional ques-
tions.

The test was done by 
12 people, of which 11 
appreciated the mu-
sical diabolo better, 
which represents a 
sample power of 91%, 
which means the re-
sults of the test where quite reliable according to SPSS Samplepower.

Below is a visual comparisson on how the diabolo’s where appreciated on average:

These user tests where meant to get an indication of the user’s attitude against the 
musical diabolo compared to a traditional diabolo. Conclusion of these test where 
that the musical diabolo is indeed better appreciated amongst people, which is-
promising and a good basis for further developing the prototypes and do more 
specific and elaborate user studies in the future.

Determining samplepower with SPSS Samplepower

 
 

  Extremely Quite Slightly Neutral  Slightly Quite  Extremely  

Dull               Exciting 

Disgusting               Delightful 

Boring               Fun 

Serious               Playful 

Unthrilling               Thrilling 

Un- 
enjoyable 

              Enjoyable 

Unamusing               Amusing 

Cheerless               Cheerful 

Traditional diabolo Musical diabolo
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Business models
As stated before, the vision for the diabolo concept is people playing the diabolo, 
expressing themselves with tricks, do music improvisation together and forming 
communities to share their passion. The internet could be a great way for people 
to connect, share and trade.

The business model utilized will play a great role in realizing this, so some small 
mindmaps where made on possible customer segments, value propositions, reve-
nue streams and other building blocks of a business model.

From there some possible business models where put on paper using the business 
model canvas as described in the “business model generation“ book (Alexander 
Osterwalder et al, 2010).

Most notable where The Long Tail/Open source business model and the Hook & 
Bait business model, inspired by the likewise named patterns in the business world  
from the same book.

The long tail/open source business model features an online platform with open-
source software to enable anyone to create tricks and sell them on the platform. 
Other users can go to the platform, buy the ones they like and download them 
onto their diabolo.

The revenue for the company would not only be the sales of diabolos but also a 
percentage of the trick sales.

The Hook & Bait business model features either free or very cheap diabolos and 
packages of trade-cards with tricks. This business model is aimed more at kids 
and their parents. The low price-point of the diabolo is meant to “lure“ the parents 
into buying one for their children, or maybe even children buying one themselves, 
the money is made by trick card sales. These cards are similar to the well known 
“pokemon“ cards. 

Children buy a package with a number of cards, each with a trick. The children can 
preview the trick by scanning a QR-code or entering the URL on the card on the 
company website. Hopes are that communities will form itself and children start 
buying the cards and trading them amongst each other.

Since generating these business model prototypes was in an exploratory setting, 
no conclusions where made on which business model to utilize. To make a decision 
on the most promising business model it would require more in-depth research on 
market-, industry and economic forces as well as key trends. which is not within the 
scope of this project at this point.
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Business model prototypes, 
using the canvas
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Feedback
Similar to the midterm demoday, the final demoday is used to pitch your project.
This time around it entailed a market with all the projects where a marketstand 
was set up to pitch the project to both students and coaches.

On the final 
demoday the 
project process 
was pitched and 
the prototype 
was demonstrat-
ed. In the stand, 
the three instu-
ments of team 
sputnik where 
pitched next to 
each other and 
their interactions 
explained with a 
poster.

Overall, people 
seemed to really 
like the diabolo 
idea and most 
of the people where intrigued by what it is able to do. This is the same thing that 
was observed during the user tests. People first try spinning it, are surprised by the 
sounds and then, if they are able to do so, try some tricks to see what happens.

That was also most of the feedback received: people would have liked to see it do 
more. Since the sound in of this prototype is only altered by the rotational speed, 
the surprise element fades away pretty quickly.

Still, these are good remarks since people are intrigued and want to see more of 
what it can do.

The three instruments of team Sputnik at the final demo day
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Final prototype Diabolo
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Discussion
The goal of this project was basically investigating How To Design For Systems 
Through Designing A Group Music Improvisation System. In order to reach that 
goal, minimal deliverables where a working prototype and for the system interac-
tions to be designed. These goals have been reached in this project, this doesn’t 
mean however that it can’t go further. 

First of all there is the prototyping part. Manipulating the sound by throwing the 
diabolo up in the air, as well as performing tricks still need to be prototyped. This is 
needed to invesigate the system interactions, since these acts are listed as triggers 
for interaction, but where not yet prototyped.

The next step of investigating how to design for systems would be to actually pro-
totype these interactions within the instruments of team Sputnik. After that the 
team would be able to do a music improvisation, evaluate the strong and the weak 
points of the system interactions and improve on them.
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Reflection
During the past semester my main focus was on the “Designing a Group Music 
Improvisation System“ projoect, the main goal was to investigate how to design for 
systems that are “out of control“.

I chose this project because of two reasons: First is that I figured there would be 
lots of electronics and programming involved in the prototyping phase and this was 
one of the competencies that I needed to develop in order to be admitted to the 
master’s program of Industrial Design. 

In addition, I see a big role for intelligent systems in healthcare in the future to 
help elderly people to live independently longer and for these intelligent systems 
to co-exist in one house, these system interactions need to be designed. Actually 
Donald A. Norman talks about this in his book “Emotional Design“, he talks about 
the novel “I, Robot” and the behavioural rules for robots: the three laws of robot-
ics. Then he extends the topic to how intelligent systems would co-exist in the fu-
ture (Donald A. Norman, 2004). The scenarios described are simple ones, but he 
also gives a hint of the complex scenarios that might occur, which is great food 
for thought and something that I think will become reality in the not so far future. 
That’s why I thought this was a great way of getting some experience in designing 
system interactions.

In the beginning of the project I really struggled with the direction of the project, 
since the goal of the project was a learning goal rather than a product, basically any 
novel instrument was good and I struggled with that freedom, I didn’t know how 
to validate what I was doing at first. I allready did a bachelors degree in Industrial 
Design the University of Windesheim and there the framework used to be much 
tighter. luckily  my coach, Jun Hu, helped me out with that and in retrospect it’s 
much clearer.

I was quite happy with the prototyping phase, it was intense. I needed to process a 
lot of new information, since I had never made any circuits and programs before. It 
was like a crash course and I feel like I learned a lot. 

Next time I would start prototyping earlier, develop the prototype more and spend 
more attention to the essence of the project: designing system interactions. I do re-
gret that I didn’t get to actually prototype and test the system interactions of team 
Sputnik, I think that would have added a lot to my learning experience.

Overall I am happy with the end result of the project in a sense that I learned a lot 
on electronics, programming and was able to get used to a totally different school 
system. It was a tough semester and health Issues causing a lack of sleep and also 
losing much time at different specialists and the hospital made it even tougher, but 
also makes me more proud of my achievements this semester.
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Liz: Hello, How can I help?

Lester: I would like some assistance in deciding what products to buy, I am not an 
expert and just started programming Arduino a few months ago
.I will give a short explanation on what I want to do:

Lester: Basically, the project I am doing is about interaction between “instru-
ments”, my concept is a diabolo where the rotations per timeunit are the pitch of 
the sound and when you throw it up in the air, the height becomes the volume
So I need to measure rotations, height, it has to make sound and must be able to 
send and receive signals in order to interact with other instruments
Lester: Does that make any sense?

Liz: Interesting! Yes, that makes sense. For the rotations, you’ll need a gyro. The 
height is a little trickier to directly measure, but you might be able to use an accel-
erometer to tell whether it is moving up (getting louder), at the top of the arc (loud-
est) or falling (getting quieter). 

Lester: So, then something like an MP9150 would do? I would need an analog inter-
face then, right?

Liz: The MPU 9150 would work well, I think. Yes, the board would connect to an 
analog pin.
Liz: I would actually recommend the LSM9DS0, since it is less expensive and has a 
Hookup Guide [https://www.sparkfun.com/products/12636]

Lester: Allright, sounds good! One more thing:
When I have my part of the sound done, it needs to be able to be influenced
Lester: for example, if one of the other instruments hits a “trigger”, this could be 
anything we make it up to be, then the sound of my instrument has to change
this would be all coding I suppose, but the communication runs through a central 
HUB, where the Diabolo has to communicate with
Lester: I’m guessing I need something wireless to do so and still be able to play the 
diabolo? I will probably attach the UNO to the diabolo itself

Liz: Probably. Let me see...
Liz: Oh, one thing on that. The 9 DoF board uses 3.3V logic, and the Uno uses 5V. 
Either you’ll need to switch to a 3.3V Arduino (like this [https://www.sparkfun.com/
products/11114]) or you will need a logic level converter [https://www.sparkfun.
com/products/12009].

Appendix A - Sparkfun Chat
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Lester: Does it? My UNO has a 3.3V pin on it

Liz: Yes, but the I/O pins will output 5V. The SDA and SCL will send 5V logic, which 
can damage the board. You can see how things need to connect in this part of the 
guide [https://learn.sparkfun.com/tutorials/lsm9ds0-hookup-guide?_ga=1.2468321
96.1792593866.1400690614#basic-arduino-example]

Lester: Allright, would you suggest buying a converter or another Arduino?

Liz: I would suggest that 3.3V Pro Mini, because it doesn’t need the converter and is 
much smaller than the Uno, which makes it easier to integrate into a final project. 
On something that needs balance, the smaller size and weight can be important.
Liz: For the Wireless communication, you can use Bluetooth or WiFi. WiFi will prob-
ably be faster, if you have a network to which the devices can connect. 

Lester: ehmmm...I think I do, but it’s a slow WIFI, does that matter at all?
And is it hard to set up? or expensive? Otherwise I’ll just order both to be safe

Liz: hmm
Liz: Neither is too difficult. You could look at the guides for the Bluetooth Mate 
[https://learn.sparkfun.com/tutorials/using-the-bluesmirf <https://learn.sparkfun.
com/tutorials/using-the-bluesmirf?_ga=1.53284968.1792593866.1400690614>;] 
and the WiFly Breakout [https://learn.sparkfun.com/tutorials/wifly-shield-hookup-
guide <https://learn.sparkfun.com/tutorials/wifly-shield-hookup-guide?_ga=1.5328
4968.1792593866.1400690614>;] to see if either one appeals most to you.

Liz: The WiFly needs a little more configuring, but you can control the device 
through a webpage that way. Bluetooth needs less configuring and can talk 
through paired device, but you need something that has Bluetooth on the con-
trolling end. It’s also slower, generally.

Lester: Allright, I guess I have everything covered then...
Lester: Liz, thanks a lot! 

Liz: Glad I could help, best of luck on your project! 
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/*****************************************************************
 * LSM9DS0_Simple.ino
 * SFE_LSM9DS0 Library Simple Example Code
 * Jim Lindblom @ SparkFun Electronics
 * Original Creation Date: February 18, 2014
 * https://github.com/sparkfun/LSM9DS0_Breakout
 * 
 * Adapted and modified by Lester Moorman
 * Distributed as-is; no warranty is given.
 *****************************************************************/

// The SFE_LSM9DS0 requires both the SPI and Wire libraries.
#include <SPI.h> // Included for SFE_LSM9DS0 library
#include <Wire.h>
#include <SFE_LSM9DS0.h>

// SDO_XM and SDO_G are both grounded, so our addresses are:
#define LSM9DS0_XM  0x1D // Would be 0x1E if SDO_XM is LOW
#define LSM9DS0_G   0x6B // Would be 0x6A if SDO_G is LOW

// Create an instance of the LSM9DS0 library called `dof` the
// parameters for this constructor are:
// [SPI or I2C Mode declaration],[gyro I2C address],[xm I2C add.]
LSM9DS0 dof(MODE_I2C, LSM9DS0_G, LSM9DS0_XM);

// Do you want to print calculated values or raw ADC ticks read
// from the sensor? Comment out ONE of the two #defines below
// to pick:
#define PRINT_CALCULATED
//#define PRINT_RAW

#define PRINT_SPEED 50 // 50 ms between prints

void setup()
{
  Serial.begin(9600); 

  uint16_t status = dof.begin(dof.G_SCALE_2000DPS, dof.A_SCALE_2G, dof.M_
SCALE_2GS);

Appendix B - Arduino code
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  dof.setAccelODR(dof.A_ODR_100);

}

void loop()
{

  printGyro();  // Print “G: gx, gy, gz”

  delay(PRINT_SPEED);
}

void printGyro()
{
  // To read from the gyroscope, you must first call the
  // readGyro() function. When this exits, it’ll update the
  // gx, gy, and gz variables with the most current data.
  dof.readGyro();

  // Now we can use the gx, gy, and gz variables as we please.
  // Either print them as raw ADC values, or calculated in DPS.

  Serial.println(dof.calcGyro(dof.gz), 2);

}



35

Appendix C - Processing code
// Diabolo Control Center
// by Lester Moorman

// import the serial library
import processing.serial.*;
//import the sound library
import ddf.minim.*;
import ddf.minim.ugens.*;

// create an instance of the minim library
Minim       minim;
AudioOutput out;
Oscil       wave;

// create an instance of the serial library
Serial myPort;

String[] serialInArray = new String[1];    // Where we’ll put what we receive
int serialCount = 0;                 // A count of how many bytes we receive

String IMUReadings;

String Gz;

int ZGyro;
int GyroCalibrate;

void setup() {

  size(512, 200, P3D);  
  // The COM port we will be listening to and at what speed
  myPort = new Serial(this, “COM6”, 9600);

  minim = new Minim(this);

  // use the getLineOut method of the Minim object to get an AudioOutput object
  out = minim.getLineOut();

  // create a sine wave Oscil, set to 220 Hz, at 0.5 amplitude
  wave = new Oscil( 220, 0.5, Waves.SINE );
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  // patch the Oscil to the output
  wave.patch( out );
}

void draw() {

  background(0);
  stroke(255);
  strokeWeight(1);
  // draw the waveform of the output
  for (int i = 0; i < out.bufferSize () - 1; i++)
  {
    line( i, 50  - out.left.get(i)*50, i+1, 50  - out.left.get(i+1)*50 );
    line( i, 150 - out.right.get(i)*50, i+1, 150 - out.right.get(i+1)*50 );
  }

  // if there is information in the serial port
  if ( myPort.available() > 0) {
    // read the value and store it in a variable
    IMUReadings = myPort.readStringUntil(‘\n’);

    if (IMUReadings != null) {

      serialInArray[serialCount] = IMUReadings;
      serialCount++;
    } else {
      serialCount++;
    }

    if (serialCount > 0 ) {

      Gz = serialInArray[0];

      // print the values (for debugging purposes only):

      println(“\t”+(“Z-axis:” + Gz));

      ZGyro = int(Gz);
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      // divide the readings by 2 to avoid a pitch that hurts the ears
      GyroCalibrate = (ZGyro/2);

      println(GyroCalibrate);

      // set frequency
      wave.setFrequency(GyroCalibrate);

      // reset array
      serialCount = 0;
    }
  }
}
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Appendix D - User test template 
 
 

User test 
 

Traditional diabolo 
 

Question: In the context of this experiment, I evaluate the usage of the diabolo as: 
 

 Extre- 
mely 

Quite Slightly Neutral Slightly Quite Extre- 
mely 

 

Dull               Exciting 

Disgusting               Delightful 

Boring               Fun 

Serious               Playful 

Unthrilling               Thrilling 

Un- 
enjoyabl
e 

              Enjoyable 

Unamusing               Amusing 

Cheerless               Cheerful 
 

 
Musical diabolo 

 
Please answer first: 

“write down the 3 words that describe best your expectations on this diabolo” 
 
 
 

Question: In the context of this experiment, I evaluate the usage of the diabolo as: 
 

 Extre- 
mely 

Quite Slightly Neutral Slightly Quite Extre- 
mely 

 

Dull        Exciting 

Disgusting        Delightful 

Boring        Fun
nn Serious        Playful 

Unthrilling        Thrilling 

Un- 
enjoyabl
e 

       Enjoyable 

Unamusin
g 

       Amusing 

Cheerless        Cheerful 

 
 

Aditional questions: 
“write down the 3 words that describe best your experiences after using this diabolo” 

 
 

What do you like about the diabolo? 
 
 

What could be better? 
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