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Sound Machines 2.0 is an intelligent, robot-controlled sound 
installation comprising five self-playing musical instruments; it 
“listens” to a performed melody, which it then uses to compose a 
new piece of music and perform it live. 

Technological precision meets artistic freedom 
This project, which was realised in collaboration with the artist 
Roland Olbeter, combines extreme technical precision with artistic 
freedom. The instruments respond to any performed melody in 
accordance with predetermined compositional rules derived from 
J.H. Conway’s “Game of Life”, and reinterpret this melody. The 
individual acoustic robots are interlinked in such a way that they 
can listen to each other. This gives rise to constantly new 
variations, which differ from the original theme while retaining the 
essence of the composition.

An autonomously composing system
The acoustic robots are therefore a prime example of intelligent 
artificial music-making and can be described as an autonomously 
composing system.

Setting the strings in motion: the DSNU/PPS cylinder Ensuring precise pitch: the DGE type axis

Further development of the Sound Machines from 2007 
For many years, Festo has been carrying out projects that bridge 
the gap between technology and art – out of technical creativity 
and enthusiasm for matters of art and technology.  

The Sound Machines 2.0 are an further development of the original 
Sound Machines from 2007. They are characterised by even 
greater precision, and the notes they produce therefore have an 
even better quality of sound. The installation provides impetus for 
the music of the future and serves as an instrument for playfully 
learning a continuous stream of new tone sequences.  

Future-oriented concepts for automation
This installation demonstrates human-machine interaction in a 
playful manner and provides forward-looking concepts for 
cooperation between humans and technology in the factory of the 
future. The human determines the starting point for his or her 
further interaction with the machine, thereby providing the impetus 
for the further course of the process. This illustrates the role of 
humans in production of the future.

Intelligent acoustic robots
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Structure, function and interaction of the quintet 
The five artificial musical instruments – two violins, a viola, a cello 
and a double bass – are freely suspended in order to ensure an 
appropriately high quality of sound. They function like genuine 
stringed instruments, the only difference being that they each have 
only one string.  

Pneumatic-electric co-production
A pneumatic cylinder moves a hammer which sets the string in 
vibration – just like a real string player’s bow. An electric DGE 
drive unit moves parallel to the string on a toothed belt axis; this 
unit determines the pitch of the sound produced by shortening the 
string accordingly, like a musician’s left hand. Since each 
instrument has only one finger, unlike with its human counterpart 
this action is performed not by means of manual dexterity, but by 
the precise positioning of the drive unit. 

Just as in a small orchestra, the melody is distributed across all five 
stringed instruments, each of which makes its own contribution to 
creating a harmonious overall work of music.

From analog sound to a digital listening experience 
A musician first of all plays a freely chosen melody on a MIDI piano 
or a xylophone, on the basis of which the system begins to impro-
vise autonomously. The analog audio signal then passes through 
an A/D converter and is conveyed to the computer, where 
modular synthesizer software processes the digital signal and 
modifies the dynamics and timbre of the tone accordingly. The 
processed signal is then returned to the acoustic robots on a 
real-time basis and is reproduced live via the instruments’ own 
amplifiers and 40-watt speakers, so that the music of the robotic 
combo is perceived as a spatial experience.

Playful intelligence 
For the software of Sound Machines 2.0, Festo makes use of an 
open-source solution. As a first step the program analyses the 
sound waves as they are picked up by a microphone. The pitch, 
duration and intensity of the various tones are stored. By means 
of a sound design module, for each of the 400 eighth-tones 
appropriate acoustical modifications are developed and 
programmed, and the rules for the composition are determined. 

A harmonious whole: the five freely suspended string instruments combine artistic freedom …

… with high technological precision … … to produce a spatial sound experience in real time.
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By means of various algorithms, a unique one-off musical 
composition of predetermined length is generated which complies 
with the compositional rules already stored in the computer. The 
five robotic instruments then perform the piece in their own 
reinterpretation.

Moving to the next note with precision 
In order for the newly composed tunes to be played by the 
acoustic robots, the processed signals must first be conveyed 
back to the instruments. For this purpose, various real-time 
communication systems are integrated into the Sound Machines 
2.0. The computer communicates with the integrated Festo 
CPX-CEC control unit via EasyIP protocol. This is a simple 
Ethernet protocol based on UDP (User Datagram Protocol). 

The control platform conveys two parameters: the position, and the 
speed at which this position is to be addressed by the electric axis. 
For this purpose, the CPX-CEC unit converts the data received from 
the computer and conveys it via the CAN bus (Controller Area 
Network) to a motor controller.

CPX control platform: conductor of the mechanical processes
With the CPX unit, the control technology is integrated directly and 
compactly into the system. The comprehensive possibilities for 
diagnosis with digital data transmission simplify the processes of 
reliable movement, measurement and regulation within the 
machine. This functional integration within the CPX unit 
enables unique decentralised mechatronic control concepts.

The CPX unit is a microcontroller connected to further systems via 
Ethernet. Each CPX master unit receives the control data from the 
PC and conveys them to its I/O modules, the motor controllers and 
thus in turn to the five instruments. The programming is carried 
out using CoDeSys pbF (provided by Festo).

New rhythms with algorithms  
In order for the installation to reproduce as wide a variety of 
musical genres as possible, the developers have developed the 
algorithms on the basis of different musical styles. It can thus be
said that mathematical logic provides the basis for the creativity 
of the Sound Machines 2.0.

The DGE toothed belts and spindle axes comprise 
an extensive series: dynamic, precise and 
durable – and also versatile, economical and easy 
to configure.

With the CPX terminal, pneumatic and electrical 
control chains can be easily, quickly, flexibly and 
seamlessly connected to any automation concept 
in compliance with company-specific standards.

Cylinders from Festo – such as the DSNU compact 
circular cylinder with self-adjusting PPS 
cushioning – provide added value. Safer, more 
reliable and more economical.

Mechatronic installation: software and hardware in harmony
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System optimisation with mechatronics 
With these self-controlling instruments, Festo is demonstrating the 
optimisation of systems in modern factory and process automation 
by means of mechatronics, which combines the traditional 
disciplines of mechanical, electrical and software engineering in 
order to enhance the functionality of technical systems. 

Music of the future for the factory of tomorrow 
Festo pursues the idea of networking various decentralised 
components into self-controlling, mechatronic overall systems in 
the factory of the future, which in accordance with the theory of 
evolution develop autonomous group behaviour patterns and 
independently make decisions that need not be directly influenced 
by a human operator.

With the Sound Machines 2.0, this image is being transferred to 
the musical ensemble of acoustic robots; these in turn are 
networked by means of appropriate control algorithms, 
mathematical models and communication interfaces. The string 
quintet is operated by electric actuators and pneumatic cylinders,

which in turn are controlled by means of functional integration of
the CPX automation platform. The interplay of the individual 
components thus gives rise to an intelligent, coordinated overall
system, which responds to the melody played and provides a 
number of variations on the impulse it receives. 
  
Efficient, stable production processes can thereby be more rapidly 
realised in manufacture, since the production plant of the future 
can respond to individual requirements and flexibly adapt to the 
specific demands of the customer. 

Today’s intuitive automation solutions   
The so-called machine listening technique is already used today in 
research at Festo. With structure-borne sound diagnostics, 
changes in the condition of machinery can be detected, for 
example by means of acceleration sensors. Especially in cyclical 
processes, an ideal profile can thus be learned, which in the case 
of deviation from standard parameters can automatically indicate 
wear or malfunctions. Structure-borne sound diagnostics is used 
in this form in the testing of roller bearings.

Impulses for the production of the future: intelligent networking for smart and intuitive automation solutions for the working world of tomorrow …

… through the integration of several components into an adaptive system … … and new forms of human-machine interaction.
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Technical data

• Size of the instruments: 1,00 – 1,60 m
• Material of the sounding body: aluminium
• Material of the strings: steel
• String diameter: 0.11 mm – 1.4 mm (Fender)
• Speakers: 40 watts per instrument 

• Servo control: CPX-CEC
• Electric drive units: DGE-12
• Pneumatic actuators: DSNU/PPS cylinders
• Motors: EMMS-AC-40-M-TM

• MIDI communication: Cubase
• Synthesizer: reactor
• Interactive communication: pure data
• Compass: 196 eighth-tones
• Tuning:  eighth-tones

Composers: Carlos Fesser, 
  Kraftwerk, Jean-Baptiste Lully,
  Claude Debussy

Photos: Oriol Aleu

Project partners

Project initiator: Dr. Wilfried Stoll, 
managing owner, Festo Holding GmbH

Project team: Dr. Heinrich Frontzek, Uwe Neuhoff, Roland Grau, 
Festo AG & Co. KG

External project partner:
Stage set designer and robot artist Roland Olbeter, Barcelona

Technical management and development: Carlos Jovellar, Barcelona

Luthier: Christian Konn, Barcelona

Sound design and music adviser Carlos Fesser, Barcelona

Algorithmic software: Urbez Capablo, Barcelona

Robot control interface: Mathieo Bosi, Barcelona

Constructional design: Gumer Martín, Barcelona
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