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THEREMIN “THE SOUND CREATION” - THE PHILOSOPHY OF THE PROJECT

Introducing the Theremin Musical Instrument

The Theremin is an electronic musical instrument controlled with no physical contact with the
Thereminist (performer). It was invented about 90 years ago.

Original instrument’s controlling section work in high frequency and it usually consists of two
metal antennas that detect the relative positions of the Thereminist’s hands and, based on the
distance detected, they control the oscillators: one antenna controls the frequency and the other
controls the amplitude (volume) of the output audio signal.

The output electric signals from the theremin are amplified and sent to a loudspeaker.

Our project will be little different. We will use HC-SR04 ultrasonic distance sensor to measure
hand position and will translate the distance detected by the sensors into a sound that will have
an amplitude and a frequency proportional to the distance detected by the two sensors. Also,
sound will turn off when hand it too far from the sensors.



THEREMIN “THE SOUND CREATION” - THE PROJECT

Theremin “the sound creation” - The working phases

1. The initial phase will be the identification of the correct functioning of a Theremin as
musical instrument. Particular attention must be paid to study the physical principle that governs
the instrument. This can be done through a quick Internet search guided by the teacher.

2. Make all the necessary interconnections between the ARDUINO UNO board and the
various external components

3. Create and transfer the program from the PC to the Arduino board and replace the
generic commands and I/O, used for programming the system on the PC

4. Test the correct functioning of the system



LET’S MAKE THE “THEREMIN" USING ARDUINO

Introducing the Arduino Uno board: layout and GPIOs

Arduino Uno Rev 3
Layout

Arduino Uno Rev 3
Pinout



LET’S MAKE THE “THEREMIN" USING ARDUINO AND THE BREAD BOARD

Connecting the Arduino Board to external devices
The first step is to connect the Arduino Board to the external devices, in our case two ultrasonic
distance sensors, a loudspeaker and a LED RGB. To do this it is necessary to use the breadboard
and the jumper wires, included in the Mobile Maker Space

It’s convenient to make a spreadsheet with the interconnections between the Arduino GPIOs and the
various traffic lights present in the respective breadboards, as shown below:



LET’S MAKE THE “THEREMIN" USING ARDUINO AND THE BREAD BOARD

The Breadboard is a way of constructing electronics without having to use a soldering iron.
Components are pushed into the sockets (holes) on the breadboard and then extra 'jumper' wires
are used to make connections between the various components

The five blocks of the horizontal
lines are electrically connected
to each other

Each of the vertical strips along
the breadboard are electrically
connected. These are normally
used to make the connections
and distribution of the power
supply and GND.

The middle line breaks the
connection between the two
sides of the breadboard

Below an example of how to connect
a LED with a battery and a button



LET’S MAKE THE “THEREMIN" USING ARDUINO AND THE ULTRASONIC SENSORS HC-SR04

The Arduino Board digital ports
The digital ports of the Arduino boards are shown in the figure on the right:

The HC-SR04 ultrasonic distance sensors
The digital ports of HC-SR04 are shown in the figure below



LET’S MAKE THE “THEREMIN" USING ARDUINO AND THE ULTRASONIC SENSORS  

How does the ultrasonic sensor HC-SR04 work?

Ultrasonic sensors do not directly measure the distance between the object and the sensor
itself, but measure the time taken by the signal they emit to reach the object and return back to
the sensor, i.e. they measure the echo, also called "flight time".

The HC-SR04 sensor has 4 pins: Vcc (+ 5V), Trigger, Echo, GND.

To activate the sensor, a “high level” pulse signal is sent on the Trigger pin for at least 10
microseconds: at this point the sensor will send an ultrasonic wave, called “ping”, and wait for
the return of the reflected waves; the sensor will respond on the Echo pin with a high pulse of
the duration corresponding to the “travel” time of the sound waves.

The duration of this return-back signal is used by the program to define the related output
sound parameter.



A SIMULATION OF OUR THEREMIN USING TINKERCAD

TinkerCad is an application developed by Autodesk that allows you to carry out numerous simulations with
various electronic devices, including Arduino.
It is necessary to register and create an account on the following website: https://www.tinkercad.com

Circuit to measure the distance with TinkerCADProgram to measure the distance with HC-SR04

https://www.tinkercad.com/


A SIMULATION OF OUR THEREMIN USING TINKERCAD

Theremin with two HC-SR04 ultrasonic distance sensors and RGB LED

To implement the "Theremin" system we connect the two ultrasonic sensors as shown in the next
figure. Then we connect the RGB LED respecting the pinout, with the shorter pin (cathode) connected
to ground, finally we connect a loudspeaker to pin 8.

We will also use a multicolour LED (RGB) which will change colour, based on the 
frequency emitted by the Theremin speaker



A SIMULATION OF OUR THEREMIN USING TINKERCAD

Theremin with two HC-SR04 ultrasonic distance sensors and RGB LED

The RGB LED, that we have included in the project, will change colour in a directly proportional way to
the frequency of the sound produced. This will make it possible to the teacher to explain the correlation
between the audio frequency spectrum and the electromagnetic frequency spectrum in general. For
example, the visible spectrum could be introduced, which is between red (lowest visible frequency) and
violet (highest visible frequency), observing the changes in the colour of the LED as the frequency of
the emitted sound changes.

Here you can see the
RGB LED changing
color based on the
output audio
frequency



BUILD THE PROGRAM USING ARDUINO IDE ON THE PC

In this phase the code to implement the Theremin system is written using the Arduino IDE platform.
Below is shown the complete program code of Theremin made by Arduino IDE
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