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Al-based piano learning with real-time feedback and
personalized progress tracking
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SIMILAR APPLICATIONS
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Practical exercises
@ assisted by the

virtual teacher

Completing a quiz with s
@theoretical questions and
practical exercises.
Reviewing mistakes and '/ 4

@ receiving additional 4

personalized exercises
generated by Al.

@ Creating an
account.
@ Enrolling in an

available lesson

Studying the
@ theoretical

course.




THE SYSTEM’S ARCHITECTURE

E-Mail System
[Software System]

Sends e-mail to

Student

[Person]

The Gmail e-mail system

[SMTP]

ends e-mail to

Sends e-mail to

Administrator

[Person]

Profesor
[Person]

Web Application
[Container: C# and .Net 9 and SignalR]

Delivers stafic content and the Pianalyze single-
page application

Database

[Container: PosigresSQL 17]

Slores users' identities, as well as exercices, Al
exercices and questions, courses.

Pianalyze
[Software System]

- — —————————————————————————————————————— —
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Single-Page Application
[Container: Angular and WebAudio APl and
SignalR client]

Provides all of the Pianalyze funclionality to
users via their web browser.

Uses Responses and
[JSONHTTPS] Real-time updates
Audio stream (SignalR )
(SignalR)

Reads from API Application
and writes to [Container: C# and .NET 9 and SingalR]

[EF ORM]

Provides Pianalyze funclionalily via
JSONHTTPS API

Sends e-mails using

Recognition result
(WebSocket)

Provides mistake
analysis
[JSON/HTTPS] [JSON/HTTPS)

Queries

OpenAl ChatGPT API
[Software System

model: gpt-40-mini]

Generates contextual feedback and remedial
exercises based on the student’s mistakes

Audio stream
(WebSocket)

Al Server (Audio Recognition)
[ Python and FastAPI and TensorFlow]

"TECHNOLOGIES USED

NET

C#

ChatGPT API
WebSocket

Angular
WebAudio API
SignalR

e FastAPI
e TensorFlow

e Python

e PostgreSQL



Pianalyze Acasa Pentru profesori Profesori Clasament Lectii Log In INSCRIE-TEACUM —>

Invaté sd cénti la pian.
Gdaseste-ti ritmul.
Bucura-te de fiecare nota.

Esti gata sa-ti descoperi dragostea pentru muzica? Sa inveti sa canti la pian
n-a fost niciodata mai simplu si mai placut! Tot ce-ti trebuie e un pian sau o
orga si dorinta de a te lasa purtat de melodie.

APPIICATION'S MODUIES >




t+ [ESSON COMPLETION MODULE +
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selecting a teacher from the
available list for the chosen
lesson

Aceasta lectie te va invata pozitia corecta a mainilor, notele de baza si un exercitiu simplu pentru familiarizarea cu

clapeie
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lesson Bazele pianului

n aceasta parte teoretica vom invata pozitia corecta a mainilor si locatia notelor C (Do), D (Re) si E (Mi) pe claviatura

L. Welcome lectures

Teaser

e Going through the course A
content W video - 4

e Completing practical exercises

e Taking the quiz

L. Theory lectures

e Displaying the results
Reading mistake analysis and
personalized exercises
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L. Lectii de practica

*  Clapele pianului
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9 Intrebare 1

Este importantd pozitia mamilor cand canti la pran?

"

2 lntrebare 2

Unde se atla nota Do pe claviaturd?

Pe a patra clapd alba

Salveaza & Mergl la Exercitii
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+
MISTAKES ANALYSIS MODULE

+

Analiza greselilor realizate in rezolvarea lectiilor

Aici poti gdsi exercifitle Al generate pentru tine =

g 2 ; Tracking mistakes during the lesson
v/

exercises

Ce ai gresit in rezolvarea exercitiului?
Al inceput bine cu nota Do4. dar nu a1 inclus toate notele din exercitiu. Incearci si adaug: Re4 s1 Mi4 data vutoare.
Generating an explanation of the
mistake using ChatGPT

m Excercitiu: Notele Do-Re-Mi

Dificultate: Incepiton

1 oo el '1.)(‘..;_1«.;..\[;; Generating Al exercises or Al
ol et bt g questions similar to the mistake
.
: made, with the help of ChatGPT

i: Verifical



AT ANALYSIS VALIDATION AND [ESSON CREATION

To ensure pedagogical quality,
additional exercises and questions
automatically generated by ChatGPT
cannot be accessed by the student
until they are approved by a professor.

1YY

e Can view the analysis
e Can edit the analysis
e Canreject the analysis

|

Creating a lesson,
viewing, or deleting
existing lessons

O\

MODULE

talii Prof Validarea Analizei Al Stergerea

Validarea analizei asupra greselilor studentilor mei

Detalii greseala

Student: Andreca-I iana Prirlac
Lip greseali: Incorrect Lxercise
Freceventa: |

"l Exercitiu: Exercitiu auditiv: Recunoaste Dod

Dificultate: Incepaton
Model andio asteprat: Dod
Lip exercitiu: Gama

Scor: 5

recps o

Detalii greseala
Student: Andreca-Diana Pirlac

Fip gresealia: Incorrect Exercise
Freeventa:
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+PLANO SOUND RECOGNITION MODULE +

@6 Development of a virtual teacher that recognizes in real time all
88 piano and organ notes and provides instant feedback.

Background noise, amplitude and timbre variations, overlapping
harmonics, very close notes (Cvs. C#).

Adapting the TensorFlow MiniSpeech architecture for piano harmonic
spectra, testing three types of networks: CNN, RNN, and MLP.

SignalR o ClientWebSocket

V (4s de fragment audio) ) | (4s fragment audio) .
WebAudio API Modelul de
; Client .Net Backend
(Inregistrarea - - = ) - » Python Server < recunoastere a
/ =t / (Frontend Angular) (AudioHUB) sunetului
| ClientWebSocket
I -

A SignalR

(nota prezisa, < (nota prezisa)
corect/gresit)
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PIANO SOUND RECOGNITION MODULE

Exercitiu auditiv: Recunoaste
gama completa
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*ONN - CONVOLUTIONALNE

NETWORKS

1.Transforming the audio signal (air pressure

variations over time) - spectrogram.

2. Convolutional filters “scan” local regions to learn

distinctive patterns (e.g., C vs. C#).

3. Pooling introduces invariance to small shifts in time and
frequency, making the model robust to variations in pitch

Input -
Pooling Pooling Pooling PR
\ Convolution Convolution Convolution -
Kernel Rc_:LU Re+LU ng Flatten
Layer
- Feature Maps -

Feature Extraction

Connected
Layer

Classification

URAL .

+ Waveform
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Results after 10 epochs:

e Test set accuracy: 67.36%
e F1score: 0.5928




6 RNIN- RECURRENT NEURAL
ETWORKS +

1.Transforming the audio signal (air pressure variations RECURRENT NEURAL NETWORKS
over time) - spectrogram.

2. Captures the relationships and dependencies
between successive moments in the audio signal. %

RNN 1 RNN Snh RNN RNN _ [Si

— Cell — — Cell — ™ caell ~ . Cell
3. Propagates state over time, memorizing the evolution of . . )1 )](
0 1 n [

the note: attack, sustain, decay.

> Results after 10 epochs:

e Test set accuracy: 38.60%
e F1score: 0.385



[P-MULTILAYER PERCEPTRON
NEURALNETWORKS

1.Transforming the audio signal (air pressure variations Outputs

over time) - spectrogram.

Inputs

3505
K/

2.Converting the flattened spectrogram into a vector.

Output

3. Learning nonlinear relationships between these values for Layer

classification.

>Results after 10 epochs:

e Test set accuracy: 50.14%%
e F1score: 0.49



CHOOSING THE BEST
MODEL

Evaluation criteria

® Acc.test
70 7%

e  Accuracy and F1-score on the test/validation set
60 7% - -

e Training time per epoch and number of parameters
50 7%

. Inference latency for real-time feedback
40 %

e Robustness to variations in intensity and background
30 7%

noise
20 7%
10 %
0%
CNN RNN

“~ > Result: CNN




TMPROVING THE CNNMODEL

Training and Validation Loss

e Validation accuracy increases rapidly from
46% - 66.5%

e Validation loss decreases from 2.08 -» 1.20

e Final test accuracy: 65.5% |

e Conclusion: good convergence, but §
performance still moderate.

—— Training Loss
254 T ——— Validation Loss

PO epochs

30 epochs ’ T 2 ps

60 80 100 120

4
120 epochs(without EarlyStopping)” ~ =<7
Adding L2 regularization + Dropout, 50 epochs

100 epochs(without EarlyStopping), Training and Validation Loss

2.75 - ‘ ‘ , ‘ | —— Training Loss
-~ Validation Loss

Training over 200 epochs with EarlyStopping
Train loss/accuracy: 1.0592 / 86.05 %
Val loss/accuracy: 1.0336 / 87.28 %
Fl-score on validation/test: 0.8177 1
Regularization and EarlyStopping prevented 150 1
overfitting, resulting in a robust and balanced -
model.

2.25 1

2.00 -

Loss

1.00 A

0 25 50 75 100 125 150 175 200
Epochs



FUTURE
DIRECTIONS

Polyphony recognition: simultaneous
detection of chords and arpeggios.




‘THANK YOU VERY MUCH
FOR YOUR ATTENTION!




