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PIANOLA  NOVA!
THE MAKING OF   THE

AN R&D PROJEC T AND WORK IN PROGRESS

Pianola Nova is an interactive sculpture aiming to link 
two acoustic pianos in different locations. The idea is 
that each piano plays the other so as one piano plays, 
the other re-creates the performance. People could 
perform in one city while playing in another, or play 
duets remotely with a friend or a complete stranger. 
And we hope there will be lots of other possibilities 
to explore using the new technology that we’ve been 
playing around with.

This is a summary of our journey with the Pianola 
Nova so far. We wanted to give you an idea of how it 
works, some of the challenges we have come across 
and how we’ve ended up where we are for it’s first 
exhibit at the Leeds International Piano Festival and 
Summerhall in Edinburgh.  

It feels very much like the start of the Pianola Nova, 
and we would love to keep developing, refining and 
playing around with the technology in the future to 
see what we can make with it.

The Pianola Nova has been created by Tinderbox 
Collective  in response to a Creative Informatics ‘Chal-
lenge Project’ set by Pianodrome  The lead artists are 
Luci Holland and Martin Disley from Tinderbox Col-
lective, and we’ve worked with a great team including 
Ted Koterwas, Sam Healy, Yann Seznec, Jack Nissan, 
Alasdair Anderson, Lewis MacDonald, Dominika Jac-
kowska, Oliver Entwisle and Old School Fabrications 
to help us along the way.   It’s first exhibit is at the 
Leeds International Piano Competition 2021, with 
one piano in Leeds and one in Edinburgh.
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V ERY BROADLY WE K NE W T HAT T HE K E Y INGREDIEN TS TO MAK E T HIS WORK WERE:

-An input system - turning the keys on the pianos into electronic switches to generate an 
input message for each note to send to a computer. For this exhibit, we used copper tape on 
the bottom of the back of each key, so when a key was pressed this broke a circuit - providing 
a signal to the computer that the key had been pressed.

-A networking system - sending these signals over the internet to be read by the piano (or a 
computer near the piano) on the other end. For this we built a web application that links two 
computers via a single web address. Devices that land on this site are set up with a peer to peer 
connection which is stable and minimizes latency.

-An output system - some way of physically making the pianos play notes in response to the 
signals being sent over the network, without a human being pressing the keys. For this we de-
cided to use solenoids - these are small electromagnets that fire a metal rod out with a certain 
force when they are triggered. Currently these have been placed directly on the piano strings, 
though we initially hoped they could hit the back of the piano keys to make them move and 
look like the piano was playing itself.

THE ORIGINAL CHALLENGE
The original challenge, set by Pianodrome as part of a Creative Informatics ‘Challenge project”, was to connect 
two acoustic pianos in different cities - so that when you play one, the other plays and vice versa.

WH OLE SYS T EM DIAGR AM

This diagram summarises the current set up we are hoping to use for this exhibit.
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Initially we were inspired by Pianolas 
or Player Pianos - these are pianos 
that look like they play themselves 
as the keys press down seemingly 
on their own accord.  They are stun-
ningly designed and built, and are 
an astonishing piece of old technol-
ogy.

Pianolas are driven by a pneumatic 
system - as someone pedals two big 
bellows with their feet, this pumps 
air through metal tubes throughout 
the piano, and also rotates a paper 
‘piano roll’. 

The piano roll has holes in the pa-
per that correspond to the different 
notes and keys on the piano, and 
beneath the piano roll is a metal 
‘tracker bar’ which also has 88 holes 
that correspond to the keys.

THE ORIGINAL IDEA
 THE PIANOLA / PLAYER PIANO

Every key also has a small below at-
tached to it in the lower half of the 
pianola. As the holes in the paper 
piano roll pass over the holes in 
the tracker bar, air is released and 
this causes the smaller bellows to 
open, pulling the piano keys down 
and activating the hammers to hit 
the strings, just like it would if you 
pressed the key yourself! Have a look 
at the pictures below to get an idea 
for how they are made.

Our initial idea for the Pianola Nova, 
was to intervene with a pianola at the 
point of the ‘tracker bar’.  We wanted 
to replace the paper piano roll with 
an electronic piano roll - essentially 
a fixed structure with a number of 
small levers or gates that could be 
controlled electronically (ideally us-
ing midi) to open and close over the 
holes, just like the paper piano roll. 



This felt exciting, not only as a means 
of getting one piano to play another, 
but also as it might open a door for 
new music to be played on existing 
pianolas - if you had an electronic 
piano roll, ideally you could down-
load any piece recorded in midi and 
it would play on your pianola in the 
same way as if you were in using a 
paper piano roll.

Unfortunately we hit a number of 
problems with this option.

We only had a few months to make 
this work, and the complexity of 
designing and fabricating the elec-
tronic piano roll alongside figuring 
out all the electronics and software 
required would have been too much 
for the time we had.  Furthermore 
we found that different pianolas 
had different sized tracker bars so 
we would have had to figure out be-
spoke structures for each pianola.

We would love to revisit these ideas 
again sometime, but for this exhibit 
we decided to switch to a normal 
piano and see if we could make it 
work another way.
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THE ORIGINAL IDEA
 THE PIANOLA / PLAYER PIANO
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Our first idea was to use Light Dependent Resistors (LDRs) attached 
to the top back of the piano keys. LDRs affect the current passing 
through them when exposed to light - when no light falls on the 
LDR, its internal resistance is high so little current passes through it. 
As the light level increases, the resistance level drops allowing more 
current through.  We attached these to the back of each key, and a 
strip of LED lights above them so that when the key was pressed 
there would be a change in the amount of light and therefore a signal 
change, which would send the computer a trigger to say that the 
key had been pressed.

This seemed to work at first, but we hit problems with it when we 
tried to upscale the circuits and add more of them. Because of the 
range and sensitivity of each LDR, it was also challenging to calibrate 
a threshold level that would work for all of the individual LDRs, both 
in the code and electronics.

As a result we changed direction, and used copper tape instead - we 
attached some to the underside of the back of each key and a strip 
below this, connected to a circuit board.  When the key is resting, 
the copper on the key touches the copper strip below and this 
completes the circuit.  When the key is pressed (at the front), the 
back of the key lifts up and this breaks the circuit - it is this break in 
the circuit that provides the input signal to the computer that the 
key has been pressed. 

THE INPUT SYSTEM 
TURNING PIANO KEYS 
INTO SWITCHES.



WHAT IS A SOLENO ID?

A solenoid is a type of electromagnet - a 
device that converts electrical energy into 
mechanical work. Solenoids include a tight-
ly wound coil of wire, connected to a move-
able plunger (the armature), housed in a 
metal casing. When an electrical current is 
introduced, a magnetic field forms around 
the coil which draws the plunger in. A trig-
ger or signal can then be used to activate 
or ‘fire’ the solenoid.  This plunger looks like 
a small metal rod that ‘fires’ outward with 
and can be used to hit or move other ob-
jects. In our case, the solenoids are placed 
so that when the plunger moves, it strikes 
the piano string.

Initially we hoped that the solenoids could 
be placed underneath the back of the piano 
keys, so when they fired they would hit the 
back of the key and the front would press 
down and play the note, just like it would if 
you pressed the key yourself.  

The problems we faced related to the so-
lenoid strength and size, and their power 
consumption.  The smaller solenoids were 
not strong enough to lift the keys, and the 
ones that were strong enough were much 
bigger and physically didn’t fit underneath 
the keys (they were a lot more expensive 
too).  We tried placing the solenoids at var-
ious other parts of the pianos to try and 
make them play more like a normal piano 
would, but couldn’t find a good solution - 
the physical space limitations couldn’t fit 
the solenoids in, or they were too weak to 
move the parts of the piano required with 
enough force to play the notes.

As a result we decided to place smaller sole-
noids directly on the strings for this exhibit 
- this means the keys aren’t moved direct-
ly, but the sound from a solenoid striking 
the string directly is also really intriguing, 
and gives a different character and timbre 
between when you play your piano and 
hearing the other being played.
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THE OUTPUT SYSTEM
SOLENOIDS



Other challenges we faced with the sole-
noids related to their power consumption 
and more complex circuitry needs. First, 
most of the solenoids we looked at, and 
those we ultimately chose to use, required a 
12V+ power supply to activate them, which 
is too high a voltage for the Arduino to con-
trol. Therefore the solenoid power supply 
has to be isolated from the Arduino GPIO 
(General-Purpose Input Output) pins. 

To do this we experimented with several ap-
proaches, such as using optically-isolated 
solid state relays, but found that while this 
worked well for strong solenoid-triggering 
signals, these methods were not ideal for 
simultaneous signalling (i.e. having more 
than one piano string/solenoid activated 
at once, for example with a chord). 

The answer for us was to use logic-level 
N-channel MOSFETs - a type of transistor, or 
gate, that has a very low on-resistance and 
control voltage, compatible with around 
3-5V microcontroller switches. In their off 
state, MOSFETs are non-conducting, while 
in their on state, they have an extremely 
low resistance. This means the MOSFET 
can receive a low-power signal (from the 
Arduino), but is able to control high-power 
devices and DC loads.

Additionally, the solenoid coils particularly 
require a flyback diode connected in re-
verse (i.e. 
diode negative to solenoid & voltage pos-
itive), to prevent current discharging back 
through the circuit by dissipating energy 
when the solenoid fires and releases. This 
is necessary to protect the MOSFETs and 
other circuit components from damage.

The solenoids are also for intermittent use, 
which means they have a maximum firing 
time before they can begin to heat up. This 
means they require a robust on/off trigger, 
so that they are not left in their on positions 
and therefore drawing current constantly 
and potentially becoming damaged me-
chanically. This was handled through both 
the on/off states of the MOSFETs combined 
with timed delays in the code that ensured 
the solenoids receive a signal to “switch off” 
after being initially fired.
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To interface between the software and 
hardware (circuitry) we used several Ardu-
ino Due microcontrollers. A microcontroller 
is a piece of hardware that connects to a 
computer via usb and to some circuitry via 
a series of pins, handling signals coming in 
both directions. To map inputs to outputs, or 
vice versa, a script is written on a computer 
and uploaded to the Arduino via usb. Each 
Pianola Nova has two of these arduinos, one 
to handle input from the keys and another 
to handle output to the solenoids. In order 
to make this communication as universally 
applicable as possible we chose to use the 
MIDI protocol, a widely used protocol for 
sending musical information digitally.

We used an open source library in our ardu-
ino code that turns the devices, as far as the 
computer it is connected to understands, 
into a MIDI device. Because interacting with 
the Arduinos is now the same as interacting 
with any other MIDI device we were then 
able to leverage all the other open source 
tools that have been written to interact with 
MIDI devices. 
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THE ARDUINOS



Once the input and output systems had been figured out, and the arduinos were configured to 
convert these signals to and from midi data, we needed to find a way to send these midi signals 
over the internet so that one piano could talk to another in a different place.

It’s relatively trivial to get two devices to communicate over a local network, i.e. two devices 
connected to the internet via the same router. It’s much harder to get two devices to directly 
communicate with each other over the public internet, that is two devices in different locations 
on different routers. This is because there are lots of layers of security built into the public internet.

In order to do this we build a web application using WebRTC and PeerJS. These are Javascript 
libraries that help you build peer to peer applications for real time communication between two 
peers in the browser. They handle what’s called ‘the handshake’ between the two devices - the 
opening of ports on both devices in order to establish a secure connection. 

A simple HTML page was then built on top of this that both Raspberry Pi’s could load on startup. 
We used the WebMIDI library to get the browser talking to the MIDI devices (Arduinos) on the 
computer. The web application was then able to route MIDI messages to and from the browser 
and the local MIDI devices (Arduinos).
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THE NETWORKING



For both the input and output systems we 
had to create a circuit board and connect 
wires to and from each of the piano keys 
and each of the solenoids so that they com-
municated with the arduino and ultimately 
the raspberry pi computer and network (see 
below). For this exhibit we have only wired 
up 2 octaves or 24 keys, and this already 
involves around 100 wires and multiple 
components for each piano, as well as a 
dedicated power supply suitable for pow-
ering a larger number of solenoids.

The reason we stopped at 2 octaves was 
due to the added complexities of scaling 
up the circuits to accommodate more in-
puts and outputs, as well as time restrictions 
with building the circuits and connections 
needed for each key and its corresponding 
solenoid. Arduinos have a limited number 
of GPIO (General-Purpose Input Output) 
pins, which means there are a limited num-
ber of signals they can process physically. 
For each Pianola Nova, the system uses two 
Arduinos - one for the input signals (the key 
switches), and one for the output signals 
(the solenoids). Theoretically this means a 
maximum of 54 inputs or outputs could be 
connected to each Arduino, significantly 
less than the usual key range of a standard 
upright piano (around 88).

At the outset of the project, we began 
researching methods for increasing the 
number of inputs/outputs on the Ardui-
no. One method we worked on was to use 
multiplexer breakout boards, which use 4 
control pins from the Arduino to give up 
to 16 extra inputs/outputs. We also exper-
imented with I/O expander chips such as 
MCP23017s. We were able to implement 
these semi-successfully to increase the pin 
range, however we ran into additional chal-
lenges with programming the Arduinos 
to effectively read and trigger expanded 
signals simultaneously.

 Again, as the timeline to get this exhibit to-
gether has been very tight, we removed the 
expansion method and focused on imple-
menting 2 octaves (24 keys) on each piano 
using the direct Arduino GPIO pins.  This is 
something we want to return to in future 
and hope to find ways to expand the system 
across the whole piano.  Another method 
may be just to add one additional Arduino 
Due for each input/output on each Pianola 
Nova, which could enable us to cover the 
full piano range. We’re also interested in ex-
ploring professional printing for the circuit, 
and producing modular industrially-made 
boards for each input/output.
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THE CIRCUITS  &  THE  WIRING



OT HER CHALLENGES

We have also linked the pianos via two webcams and a screen on each piano, using a bespoke 
web application. We wanted people to have an impression of playing the other piano in a differ-
ent location at the same time as playing the one in front of them, and also so that people would 
get a stronger sense of playing with someone else across cities for any spontaneous duets that 
might strike up.  We felt that a video link was a simple way of doing this and would help people 
understand this connection quite quickly.  

We have also built into the application a text-based description of every key/note that was pressed 
and which piano played it (Edinburgh or Leeds), so you could see the musical dialogue taking 
place on the screen and again understand immediately that there was a connection with a piano 
in a different place. E.g. Leeds - C3, Leeds - D4, Edinburgh - C#3 etc.)

There have been lots of other challenges too along the way. Often these have been physical issues 
with the piano and new components we were building into it - e.g. a reduction in the motion of 
the keys and their ability to function normally, the piano hammers getting caught on wires and 
changing angles with the addition of different components, a subtle ‘bounce’ effect after releasing 
a key that resulted in the input system registering several key presses instead of just one.
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THE VIDEO LINK



-Developing an AI / Robotic piano that generates music automatically in response to what you 
play and plays back at you.

-Live coding a Pianola Nova - writing music in code and having this translate live onto a piano.

-Revisiting the original idea of an electronic piano roll for a Pianola or Player piano (see above), 
and creating new music. 

-Finding ways for the output system to physically press the keys rather than hit the strings 
directly.

-Experimenting with lights and visuals that respond to the midi data sent by the pianos. 

We are excited to keep developing the Pianola Nova and the technology behind it further. 
As well as refining the circuits, adding more keys, and generally improving the systems and 
functioning we have developed so far, some ideas include:
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THE FUTURE
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