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Abstract—The study investigats an interactive Theremin
sound pairing assessment system aimed at realizing an intuitive
pitch training platform. Utilizing algorithms designed to detect
user-controlled pitch and instrument selections, this system
facilitates the display of user-friendly information on terminal
devices, including portable PCs. Notably, this device achieves a
substantial reduction in size and weight compared to the
traditional Theremin. It boasts the distinctive, intuitive, air-
touch playing characteristics inherent to the Theremin,
eliminating the barriers typically associated with learning
musical instruments or vocal techniques. Furthermore, it
combines educational and entertainment features. Various
sound perception feedback methods are explored to create an
interactive environment that enhances motivation for practice.
The research findings indicate that perceptual skills, such as
pitch and timbre discrimination, can be acquired intuitively and
visually, obviating the need for a theoretical foundation.
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I. INTRODUCTION

Musical perception, encompassing elements such as pitch
discrimination and timbre recognition, plays a pivotal role in
shaping our musical experiences. However, for the general
populace without prior musical instrument training, musical
perception training remains a formidable challenge due to its
abstract nature. Since the concept of music itself is an
interactive process and technology [1], designing music
activities into an interactive form is closer to the
characteristics of music itself. Traditional electronic
instruments, such as the Theremin, offer an intuitive interface
through aerial tactile interaction but are not readily portable.

Therefore, this study introduces an innovative interactive
Theremin-based musical perception training system that
transcends the confines of conventional training methods.
Theremin offers certain possibilities as an loT device [2]. By
employing a specially designed portable Theremin
devicintegrated with interactive elements and future plans for
artificial intelligence (Al) integration, this system operates at

the confluence of music, technology, and artificial intelligence.

The interactive teaching music intelligence system provides
music learners with better technical support and learning
concepts [3]. Utilizing assistive technology can help students
minimize stress and allow everyone to better enjoy the music
performance experience [4]. Leveraging the Theremin's
unique ability to generate sound in response to hand proximity
and movement, the system establishes a tangible connection
between users and the auditory world, involving tangible
hand-eye interactions.
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Collaborating with Raspberry Pi and computer interfaces,
the system harnesses real-time data to provide users with
immediate feedback, thereby refining their pitch perception
and instrument recognition skills. Furthermore, a forward-
looking enhancement involves the integration of soundscape-
style sound effect accompaniments generated by an online
artificial intelligence platform, introducing entertainment
functionality. The choice of soundscape-style music arises
from the Theremin's capacity to produce smooth and seamless
electronic tones [5], rendering it an ideal choice for creating
immersive musical experiences.

At its current stage, the system has successfully
implemented real-time hand region parameter feedback,
wireless data communication between devices such as
Raspberry Pi and PC, and design features for user feedback
and data recording in pitch and timbre selection.
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Fig. 1. Current system architecture flow chart

II. THEREMIN TRAINING SYSTEM DESIGN ARCHITECTURE
WITH Al INTEGRATION

The system aims to enhance users’ sound perception,
including pitch perception and instrument recognition, using
portable Theremin devices, real-time data processing, and
plans for artificial intelligence to generate soundscape
accompaniments. The following is the structure including
future integration. Fig.1 shows the current system architecture
flow chart, including parts A-D below.

A. Theremin device: The core of this system is to
transform the traditional heavy Theremin into a light and
portable device and expand it to have the characteristics of
interactive transmission with the computer. Users interact
with the Theremin by manipulating the proximity and
movement of their hands.

B. Raspberry Pi: The Raspberry Pi acts as a bridge
between the Theremin and the computer. It facilitates wireless
communication of instantaneous data, including pitch and
instrument selections affected by manual movements.

C. Computer (PC): The computer interface hosts the
graphical user interface (GUI) and Al model. It receives data
from the Raspberry Pi, processes it, and provides instant
feedback to the user. The GUI includes buttons for starting
training, recording game results, and providing feedback.

D. Primary Al model: The Al model analyzes the data
received from Theremin and provides feedback to the user
based on their performance, thereby enhancing their pitch
perception and instrument identification skills.

(®)
Fig. 2. (a) A test set and (b)work-in-progress circuit board for the portable
Theremin.

Future integration: In the next step, the system will be
connected to the artificial intelligence situational music
accompaniment platform, so that when the theremin is played,
the system can instantly generate soundscape music suitable

for the timbre of the theremin to enhance the music experience
[6].

To sum up, the Theremin training system with Al
integration combine the real-time feedback mechanism of the
current architecture with the soundscape accompaniment
generated by future Al This innovative method breaks down
the way and efficiency of learning pitch. It not only improves
the user's music appreciation, but also stimulates the user's
creativity and entertainment experience, making Theremin a
multi-functional tool for musicians, educators, and enthusiasts.

III. PORTABLE THEREMIN SET DESIGN

Fig. 2 is the test set and the circuit board in production of
the indicating type Theremin. After repeated testing and
adjustments, the timbre, uniformity, and sound quality have
been improved to a stable level. This small Theremin
electroacoustic model now emits a steady pitch and intensity
in response to hand movements. At present, the most stable
pitch area is roughly the area where alto girls sing, and the
pitch range is about an octave upward from C4. Since there
are 12 semitones in an octave, the current pitch test setting
range in the interactive sound game is to stabilize 12
consecutive semitones in this area and appear randomly.

Considering that hands-on learning can be an effective
way for students who love music but are not familiar with
engineering, this study included the assembly process as an
option to provide users with fun learning options. All
materials of this set of equipment can be assembled without
tools. Future product launches will be accompanied by
complete assembly instructions. Table 1 is the component
specification list.

TABLE 1. SPECIFICATIONS AND PERFORMANCE
Component Type Quantity
Chip NE555 2
Variable Resistor 5K 1
Power 9V Battery 1
Sensor Photoresistor 2
Resistance 1K 1
0.01u (104) 1
Ceramic Capacitors ~ b---ooomooooo .
0.01u (103) 1
Platform Breadboard (mrgult board 1
in production)
Connection Dupont line 1
Speaker 80hm 5W (VN4570) 1
The current design pitch control is between
Pitch approximately ~ C3-C4,  which s
e approximately within the range of female
vocals.
Performance
The spatial distance between the sensor and
the hand from the starting point to one
Sensitivity| octave upward is about 17cm, which is
enough for the hand to have a clear area of
differentiation.

The Theremin settings on the Raspberry Pi side are: (1)
Use the MCP3008 ADC to convert the analog signal of the
Theremin into a digital value. (2) Program to continuously



read the Theremin’s pitch and volume values from the ADC.
(3) Implement logic to detect changes in pitch and musical
instruments. This part is still in testing.

For the part connected to the computer, WebSocket
communication is used to instantly send pitch and volume
information (which will be converted into instrument
selection in the interactive game) to the computer, and the
WebSocket library is installed on the Raspberry Pi.

The designed mapping system converts gesture
parameters into selected numerical values for pitch and
instrument timbre. Move your hand close to the tone antenna
to control the tone, move your hand close to the volume
antenna to control the volume, and use a horizontal hand
position to select one of the sound files for playback. Based
on the current spatial sensitivity of horizontal movement, the
current default is 8 instrument selections. In other words, there
can be 12 different pitches and 8 different instrument timbres
each time, for a total of 96 results. The program allows users
to switch between these sounds based on hand sensing results.

IV. INTERACTIVE PITCH INSTRUMENT INTERPRETATION TEST
GAME DESIGN

Figure 3 is a simulation diagram of the usage of the
system under test, including the user, the Theremin device,
the Raspberry Pi and the computer. At this stage, the program
has been initially completed and is under testing. The
computer settings and structure of the interactive sound test
game are as follows.
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Fig. 3. Schematic diagram of system usage architecture
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There are 96 sound files (C4Ins1.wav — B4Ins8.wav) with
random pitch and timbre possibilities. The computer side has
96 sound files for pitches and instruments such as
C4Insl.wav — B4Ins8.wav, as well as “Time’s up!”, “Pitch is
right!”, “Instrument is right!”, “Instrument 1” - "Instrument
8" and other 11 sound files for feedback. A total of 107 audio
files of audio. After the user presses the "Start" setting button
on the computer, one of them will be played randomly by the
computer (uniformly played for 3 seconds) for the Theremin
performer to listen to. The theremin player should have 15
seconds to have the theremin produce the correct pitch and
select the correct tone that was just played. After more than
15 seconds, the sound file "Time's up!" will be played and
this round of testing will end.

During these 15 seconds, if the Theremin player adjusts
the pitch to a pitch that is no more than 1/4 of a semitone
different from the played sound file, and this lasts for more
than 1 second, the computer will immediately issue the sound
file "The pitch is correct!" If the Theremin player adjusts to a
timbre corresponding to the instrument sound selection of the
playing file and continues for more than 1 second, the
computer will immediately issue a sound file of "Correct
instrument!"

This system requires that when operating Theremin,
when the sensing area belongs to Instl, the computer will
emit the sound file of "Instrument 1" at the moment of contact,
and then play the sound file corresponding to the block
selected by the user (also corresponding to its The selected
pitch and timbre), and so on, when the sensing area belongs
to Inst8, the computer will emit the sound file of "Instrument
8" at the moment of contact. When the sensing area remains
in the same instrument area, sound file notifications will not
be issued repeatedly. Once a different instrument area is
changed, the sound file notification will be triggered. This
way, the user knows exactly which instrument they are
triggering.

In addition, the computer side has a window for the user
to see, and the window can be resized using the mouse. There
are explanatory text and buttons in the window to enter the
test, as well as links to view the test records. Test records are
used for reviewing learning status and motivating learning.
The game logic conditions are listed in order below:

a) Theremin players start the game on their computer
by pressing the return key on the keyboard to trigger the
"Start" button in the GUIL

b) The computer randomly selects a sound file (pitch
and instrument) and plays it once.

¢) During 15-second rounds, the theremin player
adjusts the pitch and instrument to match the chosen sound.

d) The computer monitors the Theremin's pitch and
instrument changes via WebSocket communication.

e) If the Theremin player correctly matches the pitch
and instrument, the computer will immediately provide audio
feedback such as "Correct pitch!", "Correct instrument!"

f) 15 seconds after the game starts, the computer will
provide audio feedback of "Time is up!" based on the
performance of the Theremin player. Currently, the text in the
button frame in the GUI window changes to "Time is up -
press space to restart."

g) After the first round of the game, as long as the user
presses space every time the game ends, the text in the button



and the background color of the button will return to their
initial values.

The traditional way of training pitch perception is too
abstract without knowledge of musical instruments, and
musical instruments need to be learned before they can be
used easily. The interactive Theremin has the characteristics
of an intuitive non-playing interface and combines physical
and visual aids with perception and hearing. It is an effective
way to train the sense of sound, especially for those who have
no foundation of music theories.

V. INTEGRATION OF AI SOUNDSCAPE-STYLE CREATIONS

The common time envelope of the instrument sound
consists of four parts (time unit “ms”, the same below): a. a
linear starting attack time, b. followed by a linear decay time
of 20% of the maximum amplitude, c. a constant amplitude
part sustain time and, d. a linear offset release time. The
above four parts are usually referred to as “Attack-Decay-
Sustain-Release” (ADSR)[7]. ADSR parameters are crucial
to shaping the sound. Except for the human voice and the
overtones of wind instruments (which are usually not easily
mastered by beginners), almost all musical instruments
require fingers to touch another key or endpoint before they
can produce another pitch. However, since the theremin relies
on gestures in the air to change the sound, the process is
continuous and does not require touching the object, so it can
produce each sound very smoothly. This quality blends with
the nature of pad-like sounds and effects, and the beautiful
components of this sound often have a time-varying quality.
Theremin is also effective as an interface for producing this
type of sound, that is, using two antennas to control the
frequency and amplitude of the sound respectively, which has
the advantage of being smoother and more intuitive than
traditional multimedia instrument digital interface (MIDI).
Therefore, Theremin may be the best interface for creating
this type of music sound effects. Our next step will be to
design the Theremin kit to expand the Al functions of this
part to make it more entertaining and practical.

VI. CONCLUSIONS AND FUTURE WORK

In this study, the author proposed an interactive Theremin
sound perception test and training system, which allows users
without music theory background to learn the perception of
pitch and timbre recognition intuitively and concretely.
Through the real-time display of the screen, users can get the
results of their own sound perception, and through recording,
they can observe the changes in the cognitive level of the
practice process to improve the motivation and effectiveness
of learning. In the future, the part of Al interactive
applications will be expanded to make real-time performance
more interesting for users.
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