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ABSTRACT

The Al-Based Instrument Recognition and Music
Metadata System identifies musical instruments in
audio tracks and links them with relevant metadata
using Machine learning and integrated APIs. In
addition to audio analysis, the system now offers
virtual learning modules for piano, guitar, and
drums, along with curated learning notes. Users can
engage in interactive music quizzes to test their
knowledge and improve musical literacy. A chatbot
feature facilitates real-time communication between
users and admins, enhancing support and user
experience. The platform combines Al-powered
backend processing with an intuitive frontend and
efficient database management. It caters to music
learners, enthusiasts, researchers, and industry
professionals, promoting rich content exploration

and interactive learning.

1-INTRODUCTION
The scope of this project encompasses the design,
development, and deployment of an integrated
system that performs musical instrument recognition
from audio tracks and metadata extraction from
music. The project aims to improve content
management, retrieval, and user experience across
digital platforms. The system also offers virtual
learning for piano, guitar, and drums with learning
notes, music quizzes, and a chatbot for user-admin
interaction. This system would serve as a tool for
filmmakers, singers, researchers, musicians, and
streaming services to enhance user experiences,
streamline

content management, and provide

valuable insights into the media.

L]

L]

Existing System

The Current systems for instrumental recognition
and metadata retrieval are fragmented and operate
independently. Most tools either focus solely on
instrument detection in audio or provide metadata
about movies and songs, lacking integration. They do
not support interactive features such as virtual
instrument learning, music quizzes, or user-admin
communication. As a result, users must rely on
multiple platforms, making it difficult to gain a
complete and engaging experience of how musical
instruments are used in media content.

Proposed System

Instrumeta is an all-in-one platform that identifies
musical instruments from audio files and retrieves
related movie metadata, including movie name,
actors, and singers. It supports real- time audio
analysis with an integrated movie and song
database.Alongside recognition, the platform offers
virtual learning for piano, guitar, and drums,
structured notes for self-practice, interactive music
quizzes, and a chatbot for user-admin interaction—
making it both a smart recognition tool and an

interactive learning hub.

2-REQUIREMENT ANALYSIS

Functional Requirements
Admin Module

User Module

Admin Module

The admin module is designed for backend
management and monitoring. The admin can directly
log in through a separate secure interface. Once

authenticated, the admin has the ability to manage user
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access, including reviewing registered users and
granting authentication. The admin can view detailed
user activity, including the number of registered users,
the songs they've uploaded, quizzes attempted, and
scores achieved. Additionally, the admin has full
control over user management, with capabilities to
add, delete, or update user accounts, as well as upload
songs into the system. The admin also shares access to
the learning platform and can update quiz questions,
track how many users have attempted the quizzes, and
view their scores. A logout option is provided for
secure session termination. These functionalities
ensure that both user engagement and content
management are streamlined and well-monitored
within the Instrumeta application.

User Module

The user module begins with a secure login and
registration system, allowing new users to create
accounts by providing essential details such as email,
first name, and last name. Once logged in, users can
upload a song, and the system will automatically
extract and display relevant movie metadata and
instrument information using integrated audio
recognition techniques. Following this, users can
access a learning platform where instructional PDFs
are provided for various instruments, including
piano, guitar, xylophone, and drums. Alongside the
documents, users can engage with virtual versions of
these instruments, enabling them to practice
interactively—simulating the experience of playing
actual instruments by generating sound upon key
presses, much like in musical games. To enhance
learning, a quiz module is available with multiple-
choice questions focused on instruments and music
theory, allowing users to test their knowledge. Each
quiz includes navigation through questions, and at
the end, users receive a summary showing their
results and any incorrectly answered questions. A

logout option is provided, and all functionalities are

accessible via a menu on the homepage, which also
serves as a visually appealing starting point. The
menu includes options such as uploading a song,
accessing user account information, exploring
learning content, attempting quizzes, and optionally

viewing learning progress.

Non-Functional Requirement

Scalability: The system should efficiently handle a
growing database of instruments movies, and songs.
It should support an increasing number of users
without performance degradation. Performance: The
instrument recognition process should deliver results
within a few seconds. The database queries for movie
and song metadata retrieval should be optimized for
quick responses.

Availability & Reliability: The system should be
available *24/7* with minimal downtime. It should
handle errors gracefully and provide meaningful
error messages to users. The instrument recognition
model should maintain high accuracy even with
noisy audio input

Security: User data, including login credentials and
activity history, should be securely stored. Secure
authentication methods should be implemented for
admins and users. API integrations should be
protected to prevent unauthorized access to
metadata.

Maintainability: The system should be easy to
update with new features and improvements. The
database and recognition model should allow
periodic updates without system downtime. Logs
should be maintained for debugging and system

monitoring.

Software Requirements
The software requirements document is the
specification of the system. It should include both the

definition and a specification of the requirements. It

1520



ESR

ISSN 2277-2685
IJESR/April-June. 2025/ VVol-15/Issue-2s/1519-1527

Kotha Akanksha et. al., / International Journal of Engineering & Science Research

is a set of what the system should do rather than how
it should do it. The software requirements provide a
basis for creating the software requirements
specification. It is useful in estimating cost, planning
team activities, performing tasks and tracking the
team’s progress throughout the development activity.

Operating System : Windows 11 and above

IDE : Visual Studio Code

Database : MongoDB

Code Behind : Python, JavaScript, React ,
Node.js,Express.js

Hardware Requirements
Hardware Requirements are the most common set of
requirements defined by any operating system or

software application is the physical computer

resources, also known as hardware.

Processor : Intel 15 (min).

RAM : 8GB (min).

Hard Disk : 512GB (min).
3-DESIGN

Design of the project represents the number of
components we are using as a part of the project and
the flow of request processing i.e., what components
in processing the request and in which order. An
architecture description is a formal description and
representation of a system organized in a way that
supports reasoning about the structure of the system.
Architecture is of two types. They are

Software Architecture

Regster

Logmn

Uploading Song

Getiing Instrument
Analysss

Getting Movie Meta Dafa
Leaming Insfruments
Aftemping Quiz

Logout

Login

View Users

Update Users

Delete Users

Viewing User Activities
Updating Quiz

Logout

Fig 3.1 Software Architecture

MongoDB
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Fig 3.2 Technical Architecture

4-IMPLEMENTATION

MERN

The MERN stack is a popular full-stack web
development framework that combines four
powerful technologies: MongoDB, Express.js,
React.js, and Node.js. Its architecture supports
efficient end-to-end JavaScript development,
allowing developers to build scalable and responsive
web applications using a single language across both
the client and server sides. MongoDB serves as a
NoSQL database designed for flexibility and
performance; Express.js is a lightweight web
application framework that simplifies backend logic;
React.js is a front-end library developed by Facebook
for building dynamic and component-based user
interfaces; and Node.js enables high-performance,
event-driven server-side scripting using JavaScript.
The MERN stack promotes modular development,
real-time data handling, and seamless integration of
APIs. It gained popularity in the mid-2010s with the
rise of JavaScript as a universal programming
language and continues to be widely adopted for
building modern web applications. The open-source
nature and strong community support around each
component make MERN a go-to stack for startups,
developers, and enterprises alike.

Pseudo Code

Pseudocode is a detailed yet readable description of
what a computer program or algorithm must do,
expressed in a formally-styled natural language
rather than in a programming language. It allows
designers to express the design in great detail and
provides programmers a detailed template for the
next step of writing code in a specific programming
language. Because pseudocode is detailed yet
readable, it can be inspected by the team of designers
and programmers as a way to ensure that actual
programming is likely to match design
specifications. Catching errors at the pseudocode
stage is less costly than catching them later in the
development process. Once the pseudocode is
accepted, it is rewritten using the vocabulary and

syntax of a programming language
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6-SCREENSHOTS
Ex D O

C @ localhost:3000

InstruMeta Login Signup

Welcome to Instrumeta

Login & Get Started

Screenshot 1: Home Page
& % O 0 :

InstruMeta Login Signup

Signup
Email
Navya@gmail.com

Password

Create Account

[ L= Back to Home

Screenshot 2: User Registration Page

InstruMeta

Screenshot 3: User Login Page
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€ C O localhost3000/dashboard

InstruMeta

Welcome, Navya!

2 Profile i Settings o Activity
View and update your personal information Customize your dashboard experience and Check your recent actions, logs, and history in
and preferences. application settings. the system.

View Profile

| View Activity

More features coming soon!

Screenshot 4: Dashboard

€ > C O localhost3000/analyze

Upload Your Music ? How It Works

° Upload
Upload any audio file in supported formats.

e Analysis
Our ML model proce

instruments and e:

the audio to identify

t metadata
Drag and drop your audio file here, or click to browse

e Results
Select File View detailed breakdown of instruments, genre
BPM, and more.

(]

s are saved to your profile. Ac

All Analyz

history anytime!

[} Our analysis engine uses machine learning to detect instruments and
extract metadata from your audio. For best results, use high-quality
audio files without excessive background noise.

Screenshot 5: Uploading the audio file for instrument recognition

@ Open X s
A L > Downloads 3 h Downlo: P S o 0
Organize = New folder SO | 7
v @ Navya-Persoms - Lastweek
Mtichineots : i * [Songsinfo] 05 - Naatu Naatu
I Desktop M
& Documents s "'}‘\:tlabwv\w—sv‘sonqui Co
o
s Bt v ? How It Works
Shape Of You - [Reag Fm)
B Fcuees . MP3 file Upload
359M8
R — Upload any audio file in supported formats.
Woskop  # news-aggregator
o Analysis
Our ML model
file name: Shape Of You - (Raag.Fm) Audio Fies PNt Crt
Open Cancel
e o Results
BPM, and more.
Supported formats: MP3, WAV, FLAC, AAC (max 10MB) H
Selected: Shape Of You - (Raag.Fm).mp3 (3.59 M) Remove | All Analyzes are saved to your profile. Access your
history anytime!
Start Analysis
«

Screenshot 6: Selecting the audio
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« (<] @ localhost:3000/analyze ©o & ¥ tm ] o

InstruMeta

Analysis Results [ Rosien Rt Wi

2 Audio Analysi
Sample Music Track oL i
Duration BPM Key Gerire Energy 85/10
3:24 128 C Major Electronic

Danceability 7.8/10
Detected Instruments Valence (Positivity) 69/10
Electric Guitar 95% Acousticness 21/10
Bass Guitar 88%
Drums 92% t ll
Synthesizer 76% All Analyzes are saved to your profile. Access

your history anytimel

Vocals 65%

Screenshot 7: Instrument Recognition

€ > C O localhost3000/analyze xCx O O
= -

Duration BPM Key Genre Energy 85/10

3:24 128 C Major Electronic
Danceability 78/10
—

Detected Instruments Valence (Positivity) 69/10

4o Acousticness 21/10
Electric Guitar 95%
Bass Guitar 88%

Drums 2% ll

: 5 | Analyzes a ed to y fil s
Synthesizer 78% All Analyzes are saved to your profile. Access
your history anytime!

Vocals 65%

Audio Waveform

A R e

Screenshot 8: Instrument Recognition

€ > C O localhost:3000/virtual-instruments [CRN = S 9 O
~— -
-
Virtual Instruments
Learn about various musical instruments and play them virtually! Select an

ounds and history.

w 1o explore it:

& J | &

Piano Guitar Xylophone Drums
Learn to play keys with our Learn to play this versatile Learn about this percussion Learn the fundamentals of
interactive piano. Perfect for stringed instrument. Great for instrument with tuned rhythm with this essential
beginners and intermediate chords and melodies wooden bars. percussion instrument

players.
m Learn & Play Learn & Play Learn & Play

Screenshot 9: Virtual Instrument Learning

1525



ISSN 2277-2685
IJESR/April-June. 2025/ Vol-15/1ssue-2s/1519-1527
Kotha Akanksha et. al., / International Journal of Engineering & Science Research

<« C @ localhost:3000/virtual-instruments e 3 W in} (]

InstruMeta Analyze Music Virtual Instruments Navya | Logout |

Home / Piano

.
@ Plano Back to Instruments

U Interactive Piano

Click on the
C D E F G A B cs5
Trv nlavina a simnle melady like “Man: Had a Little Lamh* (F D _C D _E_F_F) v

Screenshot 10: Piano Virtual Learning

<« C O localhost:3000/admin-dashboard & % O 0

InstruMeta Manage Users Admin Logout

Welcome back, Admin!

Here's a quick overview of your platform statistics

7
Total Users n F »

Most Used Instruments

Guitar Piano Xylophone Drums

5 uses 3 uses 2 uses 5 uses

Screenshot 11: welcome admin
« C @ localhost:3000/manage-users e % fn} [~]

InstruMeta Manage Users Admin Logout

Manage Users

Email

Navya Navya@gmail.com

Akanksha Akanksha@gmail.com

Meghana Meghana@gmail.com

Manasa Manasa@gmail.com

Advaitha Advaitha@gmail.com

Harika Harika@gmail.com

Anvitha Anvitha@gmail.com

Screenshot 12 : Manage Users
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7. CONCLUSION & FUTURE SCOPE
Conclusion
Instrumeta is an innovative web-based application
that integrates four key functionalities: instrument
recognition, movie metadata extraction, virtual
instrument learning, and interactive music quizzes.
By using CNN and RNN algorithms, the system
efficiently recognizes musical instruments from
audio samples and accurately extracts related
metadata such as movie titles, genres, and singers.
The platform also features virtual learning modules
for instruments like piano, guitar, drums, and
xylophone along with engaging quiz modules that
test and reinforce users musical knowledge.
This multifaceted approach not only enhances user
interaction but also bridges the gap between
entertainment and education. Instrumeta offers a
practical tool for music learners, enthusiasts, and
researchers by combining machine learning with
real-world multimedia content.
Future Scope
Optimizing the system to handle larger datasets of
audio clips, movie files, and user interactions while
maintaining performance.
Collaborating with music educators, industry
professionals, or learning platforms to expand
content and improve learning modules.
Adapting the system to support multiple languages
and cultural nuances in both music metadata and
educational content.
Enhancing the instrument recognition model to
detect multiple instruments simultaneously in

polyphonic audio.
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