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Introduction
This project seeks to make a piano playable by people
with weakness or tremors in their hands or arms. A
small electronic keyboard was assembled that had
two disconnected octaves and a variable touchweight.
This part of the project required an understanding
electronic piano keys and data transmission in the
Musical Instrument Digital Interface (MIDI) format.
A knowledge of kinematics allows for collection of
data and the electronics involved require
stabilization. The data for two octaves of keys must
be transmitted fast enough across a serial connection
to avoid latency.

Electronic Pianos
Basic Hardware Configurations
The piano key is just a switch that detects when it is
depressed. A single switch per key is only sufficient
for the simplest of keyboards, as it cannot determine
how fast it was depressed. A more commonly used
type of switch is the break before make switch. These
are double-pole switches, which means that there are
two separate electrical signals. One changes when the
switch starts to move, and the other when the switch
is fully activated (“Switch Types and Common
Terminology”). By calculating the time between the
first break, the next break, and the physical distance
between these two activation points, the speed at
which the button was depressed is determined.
Calculating the speed of the key depends almost
exclusively on where this switch is placed on the key.
Touchweight

Touchweight is the force required to depress a piano
key and is measured in grams (“Piano Finders:
Toughweight”). Each piano has its own touchweight
and each performer must become attentive to these
weights as depressing a key with the same force on
one piano can result in a different volume on another
(Nie, p. 19). Since muscle memory is one of the most
important factors in piano playing (Hedden, p. 2-6),
having an adjustable touchweight can be useful and
can expand piano accessibility to those with weaker
fingers, helping to achieve the goal of this project.

Debouncing
The switches used in piano keys exhibit bouncing,
which causes the switch to behave as if it were being
activated multiple times from attempting to press it
only once. This effect must be mitigated through
filtering (Ganssle, 2008).
The simplest low-pass filter adds the last sample that
was taken to the current one (Wickert). The
threshold would then be greater than just a logical 1
- essentially, one is waiting for a large amount of
consecutive logic levels before making a decision
about the current level. This is very computationally
inexpensive compared to a filter with a finite
impulse response, making it useful for processing
real-time data.

Variable Touchweight
Solenoids
Piano key toughweight may be adjusted
mechanically or electrically. The mechanical
method is easier to implement and more common,

but difficult to adjust. Counterbalances would need
to be adjusted each time the touchweight was
changed. A solution involving electrical forces is
more easily adjusted by knobs.
Solenoids are discussed in Kenneth Brown's tech
note. They are useful because one can apply a
variable amount of current through them to apply a
proportional push. A user can increase or decrease
the amount of current through solenoids inside the
piano to make the keys easier or more difficult to
depress.
Amplification
A transistor can apply a variable current from a
fixed power source. In this case, a Bipolar Junction
Transistor (BJT) is preferable to a Metal Oxide
Semiconductor Field Effect Transistor (MOSFET).
This is because BJTs make good transconductance
amplifiers – they amplify currents into larger ones.
In this case we are trying to get large current gain, as
solenoids require hundreds of mA to function.
The configuration that results in the highest current
gain through a BJT is the Common Collector (CC)
configuration. The layout of this circuit can be seen
in Figure 1:

happens when a pianist depresses a key or a drummer
feels their drumstick against the membrane. Auditory
feedback occurs when the musician is able to hear the
note that they just played. A delay between these two
events can be very distracting for musicians and in
some cases may disrupt the ability to play their
instruments correctly. In one experiment (Finney,
1997), every musician was distracted by a delay, and
most changed the speed of their fingers in an attempt
to compensate. Finney suggests that the delay
disrupts a necessary control mechanism that allows
musicians to change their playing based on what they
hear.
When a digital piano key is constructed, this latency
is of great concern. The acceptable latency for each
instrument is different, but specifically for the piano,
this cutoff lies at 10ms (Jack, Mehrabi, Stockman, &
Mcpherson, 2018).

Conclusion
Modern electronic piano keys face a myriad of
problems, but many of these problems are avoided
through a careful choice of hardware and software.
A keyboard must be able to transmit the note that
was pressed, the duration for which it was pressed,
and the velocity at which it was pressed to comply
with MIDI requirements. These three pieces of
information allow one to construct an instrument
that can play any note at any allowable volume and
to create music.
Inputs must be stabilized with a digital filter to
create a playable key. Variable currents can be
applied to solenoids using a common-collector BJT
amplifier in order to change the touchweight of the
piano key.

Figure 1. Common Collector Configuration (Wang)

This configuration would multiply a current by a
factor determined by the transistor used. This factor
is usually at least 200 (“Transistors – Bipolar”),
enough for this application.

While this knowledge provides a basis for
understanding how digital keyboards work, each
manufacturer has proprietary information about how
they resolve some of these problems. Each
electronic keyboard can be made just as unique as its
acoustic counterpart. Every instrument has its own
quirks, its own feel, and its own sound.

Musical Speed Concerns
Each musician who plays an instrument experiences
tactile and auditory feedback. Tactile feedback
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