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1.2 COMPUTER MUSICAL INSTRUMENT 
INTERACTION WITH NON-MUSICIANS
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People who go to dance clubs at night are used to 
listen and dance to music selected and mixed by 
a DJ. The crowd acts as a consumer and dancers 
are not actively involved in the musical perfor-
mance. The only way to influence the music is to 
make a song request to the DJ, if the DJ booth is 
accessible to the audience. 

As a passionate night club visitor I asked myself 
whether it would be possible to hand over more 
control of the musical choice to the dancing crowd, 
or even let them rule the whole musical composi-
tion being played. Using the crowd as a collabora-
tive composer could encourage people to concern 
themselves more with electronic dance music and 
enhance more social interaction between them. 
Is it possible to replace the tasks of a DJ by the 
behavior of a nightclub crowd?
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In my thesis I dealt with the basics of electronic 
dance music and which points have to be regarded 
when designing user-friendly devices for one or 
more non-musicians to produce melodic sound. I 
also examined the role of a DJ and which kinds 
of interaction naturally take place in a dance club. 

Finally I concentrated on already existing technolo-
gies concerning crowd detection and attempts of 
various interactive dance club installations. 
Challenging people, who enjoy electronic dance 
music, to take part in the live music production, 
states an interesting experiment, which may 
change the musical experience of night club 
guests completely. 
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01: The Electric Harpsichord
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Although Werner Meyer Eppler already coined 
the term “electronic music” in the year 1949, and 
electric instruments like the “Electric Harpischord” 
were already invented in the 18th century, elec-
tronic dance music as we know it today developed 
in the mid 20th century. 

Electronic dance music originated in the 1960s in 
Jamaica, where artists started overlaying multiple 
tracks on reel-to-reel tape players connected to 
an amplifier and threw big parties along with an 
MC. In the 1970s in Detroit USA, Frankie Knuckles 
was the first to perform in a club with two Technics 
turntables and a mixer not only playing records, but 
also mixing them together by adjusting their tempo 
and overlaying percussive beats. Often referred 
to as the „Godfather of House“ Knuckles gave 
birth to mainstream house music, named after 
the Warehouse Club in Chicago, where Knuckles 
started performing regularly in 1977. (Cp. History, 
online)

The 1970s also stand for the impact of disco mu-
sic while the analog synthesizer became popular 
as the most advanced musical tool available during 
this decade. (Cp. ElectricEye, Brief, online)
The invention of MIDI in 1982 was one essen-
tial corner stone for the prominence of digital 

electronic music. It stands for Musical Instrument 
Digital Interface and is a language and an operat-
ing system, a protocol and a standard. MIDI was 
the first digital universal standard, which allowed 
communicating between different music devices 
apart from compatibility issues. (Cp. Ishkur, Guide, 
online)

Personal computers, the drum machine, the digital 
sampler and MIDI changed the way music was 
written and recorded with sequencing and hard-
disk based recording systems.
Later in the 1990s, the proceeding digitalization 
in music production, the increasing accessibility 
of computers and the decreasing costs of music 
equipment and software made electronic music 
production even affordable for non-professionals. 
(Cp. ElectricEye, Brief, online)

Today electronic dance music claims a lot of 
genres and sub-genres. Ishkur breaks them down 
into six different styles: House, Trance, Techno, 
Breakbeat, Jungle and Hardcore. All of them have 
their roots settled between the 1970 and the 
1980s and imply various different sub-genres, 
which have developed through the following years. 
(Cp. Inshur, Guide, online)
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Electronic Dance music consists of many modules, 
which are mixed by a DJ when performing live. 
These modules are essential to modify and to put 
variation into the music by also utilizing the basic 
elements of music:

“Elements of music are pitch (which governs 
melody and harmony), rhythm (and its associated 
concepts tempo, meter, and articulation), dynam-
ics, structure, and the sonic qualities of timbre and 
texture.” (Music, online)
For producing and mixing electronic dance music, 
the following units also play a role:
The measure is a distinct unit with an assigned 
number of beats, most dance music have four 
beats to a measure (4/4), through rarely tracks 
are done in 3/4 or 6/8 time. Most tracks are built 
on 8 measures with the chorus containing those 8 
measures. This is essential for overlaying different 
tracks correctly; tracks with the same measure do 
harmonize neatly. 

Electronic dance music has a strong rhythmic 
character through prominent kick drum, hi-hats 
and percussion elements, which are summed up in 
the term drumline. The drumline defines the basic 
tempo of music, which is commonly expressed in 
BPM (beats per minute). The key of a song identi-
fies the family of notes that belong to its particular 

scale and may change when modifying the BPM 
of a track. Changing the key can create a lifting of 
all music and leads to musical tension in a song. 
These modulations of the key can imply a raise 
by a step or a modulation from major to minor, or 
vice versa. The bassline implies the lowest tones 
heard in a musical arrangement played by a bass 
synthesizer and is essential for the character of a 
song. (Carmenates, Mixing, online)

02: Ableton Live Interface
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“The most important structural elements within 
electronic dance music are its repeating units – its 
loops and sequences.” (Butler, Groove, 215)
A MIDI sequencer is a type of technology that di-
rects the instruments within a track. It controls the 
form of a musical work by telling each instrument 
whether to play or not and when. Tracks composed 
in this manner will consist of series of sequences, 
which build units where a particular configuration 
of instruments is directed to play for a set amount 

of time. In electronic dance music, sequences tend 
to consist of a single recurring duration throughout 
an entire track. There are two main ways for using 
sequences to create a track: In the first possibility 
only one or two sequences are used throughout 
the entire track and textural variety is created by 
muting or unmuting selected parts in real time as 
the sequence repeats. The second possibility to 
create a track is to form it out of a succession of 
many different sequences. (Cp. Butler, Groove, 
206f) 

Although this use of patterns within a track may 
suggest a predetermined compositional structure 
and certain formal shapes will recur, the approach-
es to these shapes vary from producer to producer, 
and the way of how they interact with the loops 
and sequences forms the basis for a free and 
unique production of electronic dance music. 

03: Yamaha MIDI Sequencer
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There are two different types of users, which have 
to be distinguished between when developing 
computer-based interactive music systems: The 
trained musician and the novice. According to 
Jordá it is not possible to design instruments that 
can appeal to both types of users. The novice, like 
a member of an audience in a public performance 
demands simple but appealing tools that give their 
users the feeling of control and interaction while 
producing satisfying outputs. The casual user may 
get lost with a sophisticated instrument built for 
professional musicians. (cp. Jorda, FMOL, 26f)

When gestures of a user are captured to generate 
sound with a computing element, an enormous 
range of possibilities becomes available. Param-
eters are sensed from the human body and the 
software conditions, tracks and maps them to 
algorithms that generate music. According to Wes-
sel the latency is an important factor for real-time 
interaction. The latency describes the time be-
tween the stimulus and the response and should 
be set between 1 and 10 ms to deliver the feeling 
of satisfying real-time interaction to the user. (cp. 
Wessel, Control, 11-14)
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The project “Piano Cubes” by Dominic Robson 
describes the design process of a simple physical 
interface using basic sensor technology for sonic 
interaction and is a good example for an interface 
built for non-musicians:

A tilt-sensitive cube was used to generate piano 
sounds via a MIDI interface. The results of gener-
ating drum sounds while tilting the cube were dis-
appointing because the interface lacked precision 
to create rhythms in real time. So the cube could 
control a piano loop. Right-tilted a C major scale is 
played upwards, tilting to the left moved the piano 
downward. Tilting the cube forward or backward 
increased or decreased the tempo. Interaction re-
mained simple but offered the user an interesting 
way to play with the texture of the music. The next 
step was to use a second cube, which allowed in-
teraction between two pianos. Due to the musical 
coherence, the tempos of both pianos were locked 
together and the sound design worked out well.

The finishing of the project was to improve the 
physical form of the cubes. A new form was 
needed to map the tilting action more closely to 
the sound output. The cubes were replaced by jam 
jars filled with syrup - this improved the feel of the 
cubes and emphasized the tilting nature of the 
interface because the slow movement of the syrup 

worked well in physically reflecting the changes in 
the sound. (cp. Robson, PLAY!, 50-55)

So the requirements for an easy-to-use music 
interface can be summed up into three points:
- The physical form of the interface should 
suggest the musical character of the interface
- The effort-result quotient must be satisfy-
ing for the user
- The user needs the feeling of control and 
interaction which can be supported by other physi-
cal stimuli like visual feedback

04: Piano Cubes
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THE DANCE FLOOR 
SITUATION
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“Night club environments are playful spaces where 
the atmosphere encourages exploratory relation-
ships with music, dance, visual elements and 
performance. DJs exist in this space to facilitate 
these explorations with their technical and per-
formative presentation of a live mix of recorded 
music. [...] DJs provide this presentation of music 
for enhancing this atmosphere, which is usually 
oriented towards socialization, relaxation and danc-
ing.” (Gates, Perspectives, 72) 

Future technologies for nightclubs can be im-
proved by analyzing of how interaction naturally 
takes place in nightclubs. DJs interact with their 
audience in complex ways: They should be adept 
at reading the audiences besides the demands of 
selecting and mixing music. Any signs of disen-
gagement in the dancers must be recognized 
early enough for having enough time to work out 
a musical response in a smooth way before the 
dancers start leaving the dance floor. Musical 
energy changes must be planned several songs 
in advance to accomplish a dynamical and cohe-
sive music program for the audience. (Cp. Gates, 
Perspectives, 72) 

According to a research of the University of 
Saskatchewan in Canada the knowledge on DJ 
and crowd interaction is essential for designing 
interactive dance clubs:
Many DJs have difficulty finding out the specific 
musical backgrounds and preferences of their 
constantly changing audience, they can only gain 
a general awareness of an audience. Allowing the 
audience to much control of the music can result 
in musical chaos - changes to musical presenta-
tions should not be instantaneous and have to fit 
in a smooth flow.  Technologies that only measure 
success in terms of direct dance floor feedback 
will miss out the feedback of people who usu-
ally do not express their accordance to the music 
through dancing. (Cp. Gates, Perspectives, 78)

An electronic DJ will never be able to perform as 
intuitive as an experienced DJ, because reading 
the crowd in a club is a very complex task. Though 
a computer will always follow algorithms, it has the 
possibility to gain a huge amount parameters out 
of the crowd simultaneously a human DJ would 
never be able to. A computer is able to be used 
as an mass-collaborative instrument and can give 
the audience not only control over special songs 
or genres being played but also control over the 
dynamics of a completely new generated piece of 
electronic music. 
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When within a crowd, people tend to act in a dif-
ferent way than they would as an individual person. 
Although a dancing crowd consists of many dif-
ferent characters, many similar behaviors of this 
crowd can be observed. 

According to Malbon, many factors influence the 
behaviors and experiences of dancers in a night-
club. The orientations of the dancers depend upon 
the spacing and timings of the venue. If the DJ is 
visible, people tend to face him, if not, people are 
likely to face towards the front of the club, towards 
the stage or towards projected visuals. If dancing 
within a group of friends, clubbers may be more 
likely to face other members of that group.  
Furthermore, if the dance floor is quite small or too 
well lit people tend to face into the dancing crowd 
in order to avoid eye contact with non-dancers, 
because they may not be at the same emotional 
stage as the dancers at that moment. 

The playing of special music tracks can trigger a 
very sudden shift across the dance floor and cause 
an intensive frenzy within the crowd. An introverted 
dancing experience can quickly become an extro-
verted one.
Eye-contact or a simple smile from another dancer 
also may suddenly pull someone away from a 
personal, inwardly oriented dancing experience 

into a crowd-based sensation of empathy and an 
intensive interaction within the crowd by sharing 
spaces and emotions. 
Being within a dancing crowd causes this empathy 
because dancing to the same music at the same 
time connects people, because they’re sharing an 
experience. (Cp. Malbon, Clubbing, 129-132)

When trying to track positions and movements 
out of a dancing crowd, these theories could help 
finding out something about the current situation 
on a dance floor: Whether there are many single 
dancers on the dance floor or rather more groups, 
whether there has been a peculiar shift between 
two songs or the constellation of the crowd re-
mains the same. 
When developing an interactive dance club there 
should be possibilities for single dancers, for 
groups and for bystanders to take part in the 
performance. The following chapter describes dif-
ferent already existing approaches on interactive 
sound production for groups and single perform-
ers.
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EyeCon is a video-based motion sensing systems 
developed by Weiß and Wechsler as an appli-
cation-driven project of the German Palindrome 
inter-media performance group. EyeCon allows 
motion sensing according to a variety of movement 
parameters of a dancer and lends itself to experi-
mentation with media mapping. Because EyeCon 
has primarily been developed for dance artists, it is 
very user friendly and easy to handle.
“It offers a way to create interactive video environ-
ments without the need to get into graphical or 
script-based programming.” (Wechsler, EyeCon, 1)

A camera is focused on a stage and the video is 
fed into the EyeCon software. The video is visible 
on the screen, and with the mouse lines or fields 
in different colors can be superimposed onto the 
video image. When a person touches one of these 
so-called Sensing Elements a media event is trig-
gered or modulated. 
“EyeCon works by comparing the individual pixels 
of two different video frames and analyzing them 
for differences in brightness or color.” (Wechsler, 
EyeCon, 2)
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07-10: Palindrome performing ‘Jenseits’
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The Elements can be scaled and manipulated on 
the live screen and assigned to an individual event:
Touchlines act as triggers for the presence or 
absence of body parts and provide an easy way to 
track a person’s position along a line. 
Dynamic fields are boxes, which respond to move-
ment dynamics and can for example be mapped 
onto the volume or pitch of the music e.g. the 
sound gets louder or higher the faster the per-
former moves. 

Additional to Dynamic Fields there are Feature 
Fields, which can provide a formal analysis of the 
objects within the field. It might measure the over-
all size of the dancer, the distance between two 
dancers or sense the direction of movement. 
Position Trackers track the position of one or mul-
tiple persons, when Touchlines or Dynamic Fields 
are attached to the tracker, a given array of con-
trollers can move with the performer as they move 
around the space. Also color-specific tracking is 
possible, to distinguish between dancers by the 
color of their costumes. (Cp. Wechsler, EyeCon, 2f)
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Because the EyeCon user interface is based on 
the fixed architectural elements mentioned above 
it is a relatively intuitive system. 
“Rather than creating entire environments with 
highly accurate and spezialized properties, Eye-
Con is conceived more in offering dynamic control 
– both spatially (moveable shabeable elements) 
and temporally (sequencer functions).” (Wechsler, 
EyeCon, 3)

One main advantage of the EyeCon systems is, 
that it is easy to use while providing a wide range 
of human-computer-interaction. Nevertheless the 
musical output of EyeCon in dance performances 
of Palindrome rather serves as a dramaturgical 
element than an instrument, which is able to pro-
duce complex electronical dance music. 
The use of EyeCon implies, that the dance per-
former is aware of the position and functions of 
the Elements that have been superimposed onto 
the video image. Maybe physical objects or mark-
ers on the performance space could help a novice 
exploring the virtual sound space of EyeCon.

11: EyeCon User Interface
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Difficulties with EyeCon arise, when consider-
ing position tracking of a dancer in space. Most 
new users have the idea to define zones in space, 
which produce different results when trespassed, 
or to seek spatial tendencies like mapping the 
volume onto the position of the dancer. Surpris-
ingly this approach is one of the least effective and 
requires difficult technical and artistic implementa-
tions. 
The camera needs to be positioned overhead, but 
only wide- or super-wide angle cameras are able 
to view a complete stage when suspended in 4-6 
m of height above the stage. And the further a 
performer moves to the stage’s edges the more 
imprecisely the camera is able to figure out their 
position and problems of distinguishing between 
more dancers arise. 
Apart from that, tracking the position of a person 
does not give a satisfying sensation of interac-
tion because a human body cannot immediately 
change its position. This time frame defeats a 
convincing interactive effect because while the 
dancer changes the position another person could 
simply move a slider to produce a similar effect. 
Finally, location in a space is simply of little interest 
to developers and users of EyeCon compared to 
parameters such as shape,  acceleration, height, 
contact with the floor, contact to other persons, 
etc. (Cp. Wechsler, Considerations, 12-14)



31

11: Palindrome performing ‘ Ibrain’

13-15: Palindrome performing ‘Ioklo’
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The MIT Media Laboratory of Technology in Mas-
sachusetts has designed another video based 
tracking method for dancing. The MIT developed 
different real-time optical tracking systems for use 
as expressive human-computer interfaces in music 
and interactive multimedia dance performances. 

According to the developers of Pfinder there are 
two approaches to solving the problem of the 
limited levels of expression in using a standard 
keyboards as input device for generating elec-
tronic music:
“One is to develop new kinds of dexterous musical 
interfaces that measure several different modes 
of performer control, thereby opening additional 
expressive channels. The other is to embed some 
degree of intelligence in the interface itself, al-
lowing simple musical gestures to trigger and 
shape complex musical phrases at a higher level 
of abstraction. Both of these converge in real-time 
systems for interactive music and dance, where 
many aspects of a performer’s kinematical state 
are measured and translated into a complex musi-
cal and graphical response.” (Paradiso, Optical, 1)

One of the projects called “The Interactive Dance 
Space” is a real-time computer vision system 
called “Pfinder”, which is able to track a human 
body for generating musical output. 

Although the system is designed for a single per-
former, the approaches of MIT could be essential 
for further research on interactive interfaces in a 
dance club. 

Pfinder uses a wide-angle camera pointed towards 
the stage connected to a standard Silicon Graph-
ics Indy computer.
The system builds a scene model by first observ-
ing the scene without people in it, once a person 
enters Pfinder begins constructing a model of 
them as a dynamic „multi-blob“ structure. The 
model-building process is based on regional color 
differences of the tracked person.
Separate blobs are generated for hands, head, 
shirt, feet and pants; the blob model-analysis is 
guided by a 2D contour shape analysis. 
The system is composed of several layers, where 
the lowest layer segments the user from the back-
ground, which makes the use of chroma key back-
grounds or special garments dispensable. The next 
layer uses information from segmentation and blob 
classification to identify the interesting features of 
the person. These features can be recognized by 
their characteristic impact on the silhouette and 
through general knowledge about human anatomy, 
e.g. that heads are usually on top of a person. The 
highest layer uses these features to detect signifi-
cant gestures and movements. 
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Different parts of the dancer’s body can be 
mapped to different musical instruments; body 
gesture can trigger rhythmic or melodic changes 
in music. As a person enters the stage, different 
musical instruments and attributes like volume 
are invisibly attached to their body parts. As the 
dancer moves, their body leaves a multicolored 
trail across a large wall screen and is intended 
as a virtual partner, generated by the dancer. So 
the dancer has the additional possibility to paint 
complex abstract figures on the screen while 
dancing. Although the dancer can concentrate 
either on generating music or graphics, they might 
just focus onto dance itself and let Dance Space 
generate the accompanying graphics and music. 
(Cp. Paradiso, Optical, 4-7)

Compared to EyeCon the technique and handling 
are more sophisticated but the musical output is 
more comprehensive to the performer, because in-
struments are bound to parts of the dancer’s body 
and not to invisible parts of the stage. 
Although it would be possible indeed to use the 
Pfinder Dance Space for a Night Club environment 
it is not meant to be an instrument for collabora-
tive use. 

 

16-18: MIT Pfinder
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hpDJ is a quite complex approach to computer 
simulate a DJ by using the knowledge on the live 
skills of a DJ and his interaction with the dancing 
crowd.
With hpDJ Dave Cliff developed an automatic DJ 
system in which compilations of dance-music are 
seamlessly sequenced and mixed by computer 
implying user interaction. 
The technology of hpDJ passively monitors the 
audience’s responses using under-floor pressure 
sensors, laser break-beams, video surveillance 
to detect patterns of activity in the dance club. 
Simple rules determine whether the tempo of the 
music should be increased, decreased or remain 
unchanged. 

The developers concentrated at first on the skill 
of seamlessly mixing two tracks by regarding the 
song’s bpm and working out the best sequence in 
which to play the songs. hpDJ scoops his songs 
out of a database where every single song is ana-
lyzed for hpDJs purposes. (Cp. Cliff, automated, 1f)
This first version of hpDJ was pitted against a 
human DJ in a London venue to see how it fared 
with a live audience. The software managed to 
fool a third of the clubbers into believing a human 
DJ was at the turntables. (Cp. Graham-Rowe, DJ, 
online) 

The biggest lack of this version was that it did 
not recognize the crowd’s reaction to the played 
songs. Dave Cliffs idea to improve the hpDJ was 
to give every clubber a device like a wristwatch or 
an earring that monitors the behavior of the crowd: 
It tracks your location, measures your heart and 
perspiration rate, and an accelerometer monitors 
how active you are. (Cp. Cliff, automated, 18)

„Every dance song comprises a number of dif-
ferent tracks, such as drum patterns, bass lines, 
keyboard hooks and vocals. To create a song, the 
hpDJ chooses tracks from a large library and then 
modifies and overlays them, based on the vibe 
coming from the dance floor. The hpDJ uses a 
“genetic algorithm”, a type of program inspired by 
evolution. It uses a survival-of-the-fittest approach 
to create new and better tunes. In the case of the 
hpDJ, the different tracks are the “genes”, and the 
inputs from the dancers are the “fitness” factors, 
essentially deciding whether or not particular 
combinations of genes survive. “ (Graham-Rowe, 
DJ, online)
hpDJ also monitors how many people are located 
dancing at the dance floor or standing beside it or 
somewhere else in the club. If there is a big and 
active dancing crowd on the dance floor, hpDJ will 
gradually build up the tempo for them and calm 
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things down for a chill-out period after some time 
to let people take a breather after a frenzy. 
Another idea of cliff is to link the software to a CD 
recorder that people, who leave the club can be 
given a CD with the music they helped to create. 
(Cp. Graham-Rowe, DJ, online)

In this attempt, to gain information about people’s 
emotions and consent to an event or situation, 
participants do not see what kind of feedback they 
are actually giving to the computer. Although hpDJ 
is said to be delivering similar musical output as a 
human DJ because of its genetic algorithms, and 
hpDJ is able to perform perfect cross fades in 
ways that would be virtually impossible for a hu-
man DJ playing live, hpDJs behavior will never be 
revealed to the dancing crowd. 
By contrast, the Galvactivator, described in chapter 
3.4, is a wearable device that delivers the biofeed-
back of the wearer not only to a computer, but also 
to every single participant.
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The Galvactivator by Picard and Scheirer is a 
glove-like wearable device used to gather peoples 
biofeedback by sensing the skin conductivity of its 
wearer. 
“The skin conductivity response, also known as the 
electrodermal response, is the phenomenon during 
which the skin momentarily becomes a better con-
ductor of electricity when either external or internal 
stimuli occur that are physiologically arousing. [...] 
Typically, events of a novel, significant, or intense 
nature trigger a sudden increase in skin conductiv-
ity. “ (Picard, Galvactivator, 1)

The Galvactivator has a LED display, which maps 
the values of skin conductivity to a LED display 
that makes the skin conductivity level visible. 
Because the LED is very bright, and appears on 
the back of the hand, the device can easily com-
municate the wearer’s skin conductivity to others. 
The advantages of the glove are its small size, the 
inexpensive components and its wearability, which 
brings the sensing of skin conductivity out of the 
laboratory into a naturalistic setting. Although it is 
primarily designed for not being attached to any 
other devices it may be connected to a computer 
for recording the actual signal if desired. On the 
back of a glove there is a thumb-wheel potentiom-
eter, which allows the wearer to set their individual 
baseline of skin conductivity. Once calibrated the 
signal is mapped linearly to the LED brightness. 
(Cp. Picard, Galvactivator, 2f)

19-20: How to wear the Galvactivator

21:  Brightness level of sensors from a segment of 
the audience
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The first large-scale test of the Galvactivator did 
take place in 1999 at a MIT symposium where 
1200 gloves were distributed to the audience. A 
camera was positioned in the upper left of the 
auditorium to measure the overall brightness the 
whole time. This requires the measurement to take 
place in a constantly dark environment. Addition-
ally, the value of maximum and minimum bright-
ness has to be estimated and this requires the 

participants’ collaboration before the experiment 
could start. The reasons for increased skin activity 
cannot be figured out without controlling several 
potentially confounding factors. Figure 1 shows 
that according to the tasks the audience was 
given, some correlations on events and brightness 
level are obvious. (Cp. Picard, Galvactivator, 3f)
 
Several people where observed experimenting 
with the Galvactivator by trying to light up others. 
Because both feelings of embarrassment and 
self-consciousness can increase skin conductivity 
people started up conversations and began admit-
ting their emotions. (Cp. Picard, Galvactivator, 4)

Due to the issues of lighting conditions the Gal-
vactivator is not perfectly designed for nightclubs, 
but the possibility to sense human emotions with a 
wearable glove provides a promising approach for 
further devices which use peak values of a crowds’ 
excitement for interactive dance applications.

22: The Galvactivator glove
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In 2004 another wearable device for large audi-
ences has been developed by Feldmeier and 
Paradiso at the MIT Media Laboratory. It is a wire-
less sensor-based system for large-group kinetic 
interaction to be used in dance floor environments. 
The handheld or wearable wireless motion sensor  
sends out a short RF impulse whenever it is jerked 
with more than 2,5 G’s of force. Because it is only 
six centimeters long and can be afforded under 
US $1it is ideal to be contributed to a large crowd 
at an event, e.g. given away with a ticket. The RF 
transmission radius is limited to 10 meters so 
the probability of collision is very low, even when 
people try to synchronize. This limited reception 
also enables the content to be zoned locally with 
multiple receivers that cover a venue as large as 
needed. 

The mappings of the collected data are focused 
towards electronic dance music to provide an 
engaging and enjoyable musical experience.  

23: The sensor circuit within the lucite tube
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In a dance club situation the setup is as follows: 
Dancers hold one sensor in each hand. A base-
station interface counts the number of pulses 
arriving at a set of receivers across a 2 ms interval. 
The data is analyzed in real-time to derive a set of 
three features:

Activity levels
Significant Events
Average Tempo

Activity levels: 
To avoid that the sum of all individual responses, 
as a value, becomes chaotic, a secondary form of 
feedback was established:
„The system can detect the average timing of all 
outcomes, and it can give not only a direct re-
sponse but also a larger response that is timed to 
the computationally perceived average outcome. 
In this manner, participants can quickly sense the 
average outcome and choose to either coincide or 
deviate.“ (Feldmeier, Giveaway, 55)
Once synchronized around a central outcome, 
participants the perceptual energy level should 
increase with increased dancing activity. There-
fore the music is scripted into five energy levels 
ranging from ambient to hardcore, and each level 
is broken into five simultaneously playing tracks 
consisting of drones, melodies, high-frequency 
percussion, low-frequency percussion and arpeg-
giated lines.
 
“For each track, there are 0–3 patterns, only one 
of which is played at a time. [...] The different com-
binations of patterns that are played each time a 
level is attained keep the music dynamic, creating 
a more complex experience.“ 
For low-level conditions, when only a small amount 
of hits are tracked they can be directly mapped to 

24; Block diagram of interactive music system
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sonic events, giving prompt feedback to the users 
and allowing to perceive the neighbors’ activity to 
synchronize to each other easily. 
At high activity levels the music mainly consists 
of rhythmic tracks and arpeggiated lines and the 
drum voice is mapped randomly to instantaneous 
activity of the dancers. This mapping creates an 
indeterminate musical experience that can easily 
descend into chaos. 

Significant events: 
This is done to give a sense of responsiveness 
to the audience to shape a portion of the musical 
outcome immediately. These parameters are de-
termined by activity levels over a short time period 
between 80msec and 500msec and modify filter 
parameters such as resonance, attack and decay.
“ They are also used to control the depth and fre-
quency of low-frequency oscillators that perform 
both amplitude and pitch modulation of the tracks, 
allowing the music to undulate with the motions of 
the crowd.” (Feldmeier, Giveaway, 57)
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Average tempo: 
„Finally, to determine the dominant tempo of the 
audience, a rolling Fast Fourier Transform (FFT) 
of the received data signal is taken over a 30-sec 
window, returning the peak frequency 
at one-second intervals. This peak frequency can 
be easily converted to beats per minute (BPM) 
to set the global tempo of the music.“ (Feldmeier, 
Giveaway, 57)

The giveaway sensors represent an inexpensive 
and simple way to allow every nightclub test 
participating in the music being played. They could 
be designed like snap light sticks, which are often 
seen at dance clubs, concerts or sports events to 
look more familiar to the party environment. Being 
fluorescent would also have the effect, that the 
sensors are better seen in the dark, that the map-
ping on the events is more obvious to the dancers 
and viewers.

25: Disposable boxes of 300 sensors used in the test
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Because there are not only dancers in a nightclub, 
a multitouch-table could be an instrument for 
those, who enjoy electronic music without entering 
the dance floor, but would also like to participate in 
affecting the musical outcome.
„The reacTable*, is a novel multi-user electro-
acoustic musical instrument with a tabletop tan-
gible user interface. Several simultaneous perform-
ers share complete control over the instrument 
by moving physical artifacts on the table surface 
while constructing different audio topologies in a 
kind of tangible modular synthesizer or graspable 
flow-controlled programming language.“ (Kaltenb-
runner, reacTable, 1)

The instrument hardware is based on a translucent 
round table with a diameter of one meter that al-
lows up two four persons to perform on the table. 
People can distribute different tangible objects 
onto the table, which are physical representa-
tions of the components of a classical modular 
synthesizer. They are passive, without any sensors 
or actuators and users interact by moving them, 
changing their position, orientation and their faces. 
Beneath the table a camera continuously analyzes 
the table surface and tracks the nature, position 
and orientation of the objects on the table. All 
changes on the table directly affect the topological 
structure and parameters of the synthesizer. 

Aside from the camera there is a projector be-
neath the table that provides visual feedback on 
the surface of the table. With dynamic animations 
the state, the activity and the main characteristics 
of the sounds produced by the audio synthesizer 
are displayed. (Cp. Kaltenbrunner, reacTable, 1)
„Auras around the physical objects bring informa-
tion about their behavior, their parameters values 
and configuration states, while the lines that draw 
the connections between the objects, convey the 
real waveforms of the sound flow being produced 
or modified at each node.“ (Jordà, Synergy, 142)
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26: Setupscheme of Reactable* 27: Reactable* surface with tangible objects
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ReacTable introduced Dynamic Patching, where 
connections depend on the objects involved and 
on the proximity between them. Bringing two 
objects into proximity with each other, performers 
create and play the instrument at once. By spin-
ning them as rotary knobs their internal param-
eters are controlled. (Cp. Jordà, Synergy, 143)
The reacTable exists in two different versions: One 
highly sophisticated and precisely controllable 
table for professional performers and one table 
designed for public performances with a more 
playful and popular sounding synthesizer. The sec-
ond type has already been exhibited at different 
festivals and was received very positively by the 
audience.  (Cp. Kaltenbrunner, reacTable, 1)

The interface allows complex music production 
and always delivers the user a visual feedback 
about the ongoing musical process. Several 
people have the possibility to generate, modify and 
connect different sounds and effects. Because 
interface does not require dancing people rather 
act as collaborative DJs while interacting with the 
objects on the table and with each other. Not the 
users but the interface with its objects is centered 
while delivering both musical and visual output 
simultaneously. 

28-29: Reactable operated by multiple users
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Because objects do not work when used incor-
rect and draw lines when connected with another 
object the usability is thought out very well and 
grants also the novice a fast-learning of the de-
vice, which leads to a early satisfying output. 
reacTable* could be used as an additional device in 
a dance club with limited functions, e.g. only able 
to trigger and modify sound effects and not influ-
encing the entire music in the club. People who do 
not like to dance could use reacTable* to partici-
pate even so in an interactive dance environment. 
Because the objects of reacTable* work passively, 
a suitable implementation for a nightclub situation 
could be to replace the cubic objects with bottles 
or glasses, where every drink represents a certain 
object. When waterproof, reacTable* could not 
only act as an interface but also as a simple desk 
where people could experiment with the position 
of their drinks.
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The iClub is an interactive dance club application 
developed at Stanford University, built to run in the 
environment of iRoom. (Cp. Ljungstrand, Ubicomp, 
73)
The Stanford iRoom is an augmented environment 
designed to explore new interaction technologies 
in the post-desktop era of multiple users, de-
vices, systems and application collaborating in an 
interactive environment. The iStuff toolkit provides 
several user interfaces to be implemented in the 
iRoom. (Cp. Ballagas, iStuff, 537)

“[...] iClub combines a computer-controlled DJ with 
visuals synchronized to the music, the ability for 
guests to influence music playback (speed, low 
pass audio filter, interactively- triggered sound ef-
fects, and voting on which song to play next), and 
the ability to integrate physical UI devices such  
as sliders and wands [...] into the environment. “ 
(Ljungstrand, Ubicomp, 73)

The iClub has been made possible through the 
“Event Heap”, a centralized communication space 
that manages all input events. All events, like 
touching a screen or moving a slider, will be posted 
to the “Event Heap”. 
The iClub offers various stations for input and out-
put: One touch screen allows the users to vote for 
an mp3 file out of a database to be played next. 

The iClub includes four more big displays: One 
table in the middle, which shows a disco ball as a 
visual output of the music and three big side-by-
side touch screens which serve both as input and 
output devices. 
Whenever an empty space on a screen is touched, 
a little dancing doll pops up and the hue of the 
visuals in the background changes. All over the 
screen there are moving bubbles, which can be 
touched for generating various sound effects. 
A little mermaid on the left screen spits out this 
sound effect bubbles and they are able to migrate 
from screen to screen. The middle screen shows 
a turntable, which can be touched to change the 
speed of the currently played song. 
The iSlider is another input device, which affects 
the currently played music. It is a wireless easy-to-
handle input device, which allows the user to filter 
the high frequencies out of the song.  (Cp. The 
iClub) 

36-38: The iClub touchscreen walls
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An advantage of the iClub setup is its robustness 
against transient failures: Every iClub module is 
an autonomous process, so whenever any module 
failures it has no effect on others. After restarted 
the module will automatically resynchronize to the 
beat. (Cp. Ballagas, iStuff, 539)
The iClub has not been designed to gather data 
out of the dancing crowd but provides simple de-
vices, which provide playful spaces in a nightclub 
environment. Although several people can play 
a part at different stations, there is no space for 
interacting with other guests or for collaborative 
interaction with one device. The iClub encourages 
people to take part in an interactive environment 
but not to dance to the emerged music.
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The Interactive Dance Club concentrated on danc-
ing in a nightclub itself and allowed the partici-
pants to influence several attributes of the music 
by the act of dancing. To avoid chaos in a multi-
participant dancing environment in the Interactive 
Dance Club offers various different stations, which 
allow the crowd to split up and interact separately.
The Interactive Dance Club was launched in 2002 
by Ryan Ulyate and David Biancardi in the course 
of the 25th annual ACM Siggraph Conference.
„Siggraph is the largest annual graphics confer-
ence. It includes an exhibition, technical papers, 
panels and foremost, parties.“ (IDC, online) 

The aim of the Interactive Dance Club was to cre-
ate a type of venue, where people could have the 
opportunity to become players in a large, intercon-
nected interactive musical and visual environment 
and the results of their interactions had to sound 
musical at least to the untrained ear. (Cp. Ulyate, 
Dance, 40)
The design goals of this project were maintaining 
group and individual participation in the modula-
tion of music and computer graphics elements 
while maintaining a musically coherent and visually 
satisfying whole. (Cp. Ulyate, Dance, 41)
Contemporary dance music has a strong rhythmic 
component – to achieve cohesiveness in the musi-
cal performance participants were not supposed 
to alter the basic drum and bass elements of the 
music. They could only overdub compatible sounds 
on top of a predetermined basic structure. (Cp. 
Ulyate, Dance, 47)
This multi-participant interactive venue included 
real-time computer graphics, lighting and video 
that are synchronized to dance music such as acid 
jazz, trance and drum and bass. The members 
of the audience become participants within 
interactive zones located throughout the club. 
There are nine different zones for single partici-
pants, pairs and groups where music, lighting and 
projected imagery can be influenced. (Cp. Ulyate, 
Dance, 40)39: The IDC venue
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Every interface in a zone had its special functional-
ity and handling:

The Beam Breaker consists of parallel light beams 
above the participants’ heads with sensors that de-
tect when a light beam is broken. The participants 
could trigger sampled musical phrases by breaking 
the beam with their hands.
The Go-Go is a platform two feet above the dance 
floor with a ring of 16 lights beams that could also 
be broken with the body influencing melodic musi-
cal elements.
At the Infrared Zone an infrared video camera is 
focused on an area of the dance floor and regis-
ters participants’ body heat. The infrared image is 
projected on a large screen and provides visual 
feedback to the dancers.
The Meld Orbs are two four-diameter spheres 
with nearfield proximity sensors mounted on the 
surface where participants could affect projected 
computer graphics imagery and individual notes of 
musical chords.
An example for a one-person zone is Reach and 
is located on a raised platform: The dancer must 
touch four MIDI trigger pads positioned in a half 
circle to control kaleidoscopic imagery and musical 
chords. 

40: Go-Go Zone

41: Infrared Zone

42: Reach Zone
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Another example is Tweak where a participant in-
teracts by swaying their hips between two infrared 
proximity sensors and by breaking four light beams 
with their hands,  resulting in triggering and modu-
lating percussion loops.

Stomp is a two-person zone and consists of 
12x12-inch floor mounted Tap Tiles. Discrete pad 
hits control short non-percussive musical phrases 
and projected imagery.

At Tyre-O-Mania participants can modulate effects 
applied to the preprogrammed drum and bass 
sounds by rotating wheels. A pair of foot pedals al-
lows the participant to control which aspects of the 
music are controlled. This zone is also supported 
by visual imagery feedback.

The zone Voyeur allows participants to remote-
control the pan, tilt and zoom of cameras located 
throughout the club while sitting on couches, the 
videos are projected on two rear-projection dis-
plays and should help encouraging collaboration 
among participants in different interactive zones. 
At the Control Zone, located at the edge of 
the dance floor, guests have the opportunity to 
observe the crew and the equipment that run the 
show of the Interactive Dance Club.
(Cp. Ulyate, Dance, 41-43)

42: Tweak Zone

43: Stomp Zone

44: Tyre-O-Mania
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To accomplish an coherent and dramaturgical 
musical performance the role of the “Experi-
ence Jockey” (EJ) was created for the Interactive 
Dance Club. This person was able to react to the 
crowd, and vary the overall structure in real time. 
By providing that the music output had an identifi-
able beginning, middle and end, participants could 
experience something new within a familiar frame-
work. (Cp. Ulyate, Dance, 47)

The age of the participants of the Interactive 
Dance Club at the Siggraph Conference ranged 
from 18 to 40. Among the audience it came out, 
that the simplest interfaces like Tweak were raving 
the most success: The tracked hip movements 
which modulated a band pass filter on percus-
sion and resulted in a “wah-wah effect” were the 
source of much fun for the participants. However, 
people were often impatient and want instant 
gratification without too much “plot” in an interface. 
People also started playing their own games in the 
Infrared zone – some basic tools and a context are 
obviously enough to make them organize fulfilling 
activities autonomously. (Cp. Ulyate, Dance, 47f)
But although the sounds were chosen much care-
fully out of a palate of compatible sounds some 
participants did manage to create cacophony 
because they don’t listen like musicians do and do 
not react to what their neighbors are doing. 

Furthermore some participants tend to try mak-
ing as much noise as fast as possible. People also 
shared interfaces which where designed for only 
one person and manipulated the zone in unin-
tended ways. 
The participants liked a range of involvement from 
active, like dancing in the zones, to passive, like 
the possibility to remote control cameras. 
Introducing the role of the EJ, which controlled the 
meta-structure of the interactive pieces, was an 
important and novel idea to ensure coordinated 
variation of the musical output of the Interactive 
Dance Club. (Cp. Ulyate, Dance, 48)

With the Interactive Dance Club the conven-
tional dance floor has been split up into stations 
throughout the venue and people had to leave the 
anonymous crowd and enter a stage to take part 
in the interactive music composition. This helped 
to avoid chaos in a multi-participating environment 
and granted sufficient traceability of the danc-
ers actions, because every station served as one 
instrument that explicitly changed one component 
of the music and gave visual feedback to the user. 

42: Tweak Zone

43: Stomp Zone

44: Tyre-O-Mania
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1.2 COMPUTER MUSICAL INSTRUMENT 
INTERACTION WITH NON-MUSICIANS
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Since the crowd in a dance club usually does not 
actively participate in the musical process and 
rather takes in a passive position, a dance floor 
that includes interactive elements constitutes an 
alien territory for the participating crowd. People in 
a dance club are used to follow the music played 
by a DJ and they adjust their dancing moves to 
the alleged sound. Electronic dance music encour-
ages an introverted and very personal dancing 
experience, but when the control of the music is 
given to the dancers, collaboration and team play 
comes to the fore to avoid musical chaos. Like in 
a big orchestra, every person has to pay attention 
to what others do, but in the dance floor situation 
there are no sheets of music and people do not 
have instruments. Even so people will need some 
guidance along the possibilities of an interac-
tive dance floor. They have to know which kind of 
“instruments” they can play and those should be 
intuitive. The dancers are no professional musi-
cians and need an easy way of participating in the 
interactive environment with a satisfying feedback 
at the same time. 

When using physical objects like sticks or gloves, 
their handling should be clear to the wearer, and 
following simple rules the wearer should be able to 
take part in the musical output. Like the Galvacti-
vator, which gives feedback through the brightness 

level of an LED also the wireless giveaway sensors 
could use varicolored LEDs to display which kind 
of event is being sent to the base station at the 
moment. The reactable* both works with physical 
complexion (the look of the objects) and graphical 
response (the projections on the table) to present 
the musical output visibly for the user.

Video tracking based systems like EyeCon or 
Pfinder enable interactivity in a dance club without 
needing special devices, so the participants have 
the opportunity to dance in a common way as they 
are used to in a conventional dance club. But this 
additionally requires a clear and understandable 
visual feedback to the dancers. Projecting the 
recorded video images including a simple illustra-
tion of the ongoing mapping as visuals could be a 
way to display the functionality of the dance club. 
Also graphics on the dance floor could represent 
various zones or areas where any interactivity 
takes place. 

hpDJ tries to simulate a human DJ’s behavior and 
people have the chance to act and interact like in 
a conventional night club. A test in a nightclub in 
London shows that a third of people could not dis-
tinguish between a human DJ and hpDJ perform-
ing, so there is no satisfying feedback to the crowd 
where interaction effectively takes place.
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Projects like the Ulyate Interactive Dance Club or 
the Stanford iClub depart from the conventional 
dance floor by introducing various stations where 
people can participate in the musical output. While 
the iClub allows people to emulate moves of a 
DJ like selecting a piece of music or scratching a 
LP, the Interactive Dance Club focuses on the act 
of dancing itself. Every station demands special 
moves, which influence a special sound or effect 
and also includes visual feedback for the user. 

By splitting up the conventional dance floor into 
several stations, the anonymous crowd on a dance 
floor transforms into several single artists who are 
given an instrument they can experiment with. 
In addition to the common interaction in a disco, 
an interactive dance club has to encourage col-
laboration between participants and should provide 
sufficient feedback to the users that the interactive 
dance club becomes a playful and enjoying experi-
ence for the participants.
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No matter which kind of system comes into opera-
tion, it is impossible to generate satisfying and 
danceable music when the full control is given to 
the dancers. There have to be some basics deter-
mined by system to avoid musical chaos. 

hpDJ does not allow direct influence into a special 
song but adapts the choice of music to the reac-
tion of the crowd while the iClub offers prede-
termined mp3 files which can be influenced and 
affected by the participants. hpDJ gathers invisible 
information out of the crowd and gives no visual 
feedback to them. Although hpDJ manages to mix 
pieces of music seamlessly and is able to gener-
ate high-quality music, the crowd is given no active 
control of the sound. 

iClub allows the user to vote for a song to be 
played next and provides simple devices like 
touchscreens and sliders to affect the music. In 
addition, people can influence visuals shown on 
big screens. People have control over a predeter-
mined set of effects: Touching the turntable allows 
to generate a scratching sound, touching a bubble 
triggers a random sound effect and operating the 
slider controls a high-pass filter. These controls are 
intuitive because they represent an electronic mu-
sic instrument following common known interfaces 
e.g. pushing one button triggers one sound. 

In the Interactive Dance Club by Ulyate a basic 
rhythmical structure is determined and dancers 
have the control over several musical sounds and 
effects. Various common dance moves like sway-
ing hips, swinging arms and stomping feet are 
used to trigger and effect sounds. Above all, the 
IDC introduced the role of the EJ, a person who 
is in overall control of the musical samples and 
tracks providing coherent sound and variation in 
the music.  

Feldmeier and Paradiso use three different types 
of control the dancers have by holding the wireless 
sensors. Synchronized movements of the dancers 
result in amplitude and filter changes, increasing 
dancing speed rises the tempo of the music and 
changes the style of music into more progressive 
sound. 

EyeCon allows a high range of interactivity and 
possibilities of mapping since the movements on 
the recorded video image can be easily mapped 
to musical samples by superimposing the Ele-
ments on it. Increased dancing activity can result in 
volume or speed changes, touching Elements can 
trigger sounds and effects or influence filters.

reacTable* gives the overall control to the user. 
When no objects are laid onto the table, no sound 
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is being generated. Every musical output is a direct 
result of the user’s input. Illogical combinations of 
the objects are not possible so the user cannot 
produce cacophonous sound although they are 
non-musicians. Nevertheless he “danceability” of 
this musical outcome is very low.
To produce danceable music an interactive dance 
club must provide a basic musical structure, which 
ensures that people will likely begin to dance. 
But his should only be a subtle basis that allows 
a broad range of interaction with the audience. 
Whether one person or a crowd is able to influ-
ence sounds and effects, the handling must be 
intuitive and comprehensible. One way to provide 
this, is to use common functions and interfaces of 
broadly well-known music instruments, and follow 
their design impacts:
Looking at keyboard instruments, pushing a 
key plays a note – this can be used for buttons, 
footpads, light beams or touch screens to pitch the 
music. Using interfaces, which can be used simi-
larly to percussion instruments lend itself to trigger 
special sound effects and can also be assimilated 
into touchable devices. Producing different notes 
with stringed instruments requires changing the 
length of the plucked string and can find imita-
tion in infrared sensors, range finders or sliders to 
control the pitch or the strength of a filter.
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For realizing an interactive dance event several 
points have to be considered:

The venue can be any disco or night club, which 
provides the needs of the used technical equip-
ment. Especially when using video tracking a 
specific light situation is required. The room layout 
should be clear and straightforward to allow every 
person in the club to participate and observe the 
interactive process and give the operators the full 
picture of the mood in the club. 

The participants themselves are crucial for the 
interactive dance club’s success: Outgoing and 
extroverted people are more likely to hit the dance 
floor than shy and introverted people ones. In case 
music is only playing while people are dancing it 
would be helpful to introduce the interactive dance 
club a while after a human DJ’s performance to 
provide a musical background and good dancing 
mood among the people. 
An interactive dance club, which works with a 
database of prerecorded songs and mixes may 
be able to perform a whole night through, while a 
more experimental, sample-based system generat-
ing music directly out of the dancer’s behavior runs 
the risk to bore the people after some time. In this 
case, the timing has to be controlled by a human 
overlooking the overall mood in the club. Present-
ing an interactive technology within a regularly 
taking place dance event or festival could be a 
possible way for introducing it, because people 
are in a familiar surrounding and are more likely to 
know each other and feel curious about a new way 
to dance and to listen to electronic dance music. 
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DJs and producers should not be counted out 
when setting up an interactive dance club event: 
When invited to make their samples available for 
allowing the crowd in club mix them interactively 
while dancing it could represent an interesting and 
experimental alternative for them. This would pro-
vide diversified and professionally produced music 
linked with a range of free interpretation through 
the dancing behavior of a crowd.

One main point when launching an interactive 
dance club is not to expect sophisticated music 
but to keep the main focus generally on the enjoy-
ment and fun for the participating dancers.
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