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Abstract

Noise pollution is the propagation of noise with ranging impact on activity of humans & animal life.
loT-Based Noise Detection & Alert System designed to monitor noise levels and enhance security in
diverse environments. Deploying noise detection sensors and integrating them, the Raspberry pi and Al
ML models, the system continuously monitors ambient noise levels in real-time. By comparing noise data
against predefined thresholds, the system detects noise disturbances and triggers automated alert
notifications to designated recipients with images. This system offers a comprehensive solution for
creating healthier, safer, and more secure environments.

Noise source identification involves detecting where a sound originates and classifying what type of
sound it is— such as traffic, industrial machinery, construction, or human noise. Traditional methods like
beamforming and Fourier analysis are often slow, computationally expensive, and less accurate in
complex or overlapping environments. Artificial Intelligence (Al) and Machine Learning (ML) overcome
these limitations by automating sound detection and classification. With 10T-based acoustic sensors
collecting sound data and AI/ML algorithms analyzing it, the system can identify, localize, and control
noise sources in real time with high accuracy.

The Study investigates the application of artificial intelligence (Al) and machine learning (ML) in
determining the sources of noise with superior algorithms for the analysis of acoustic data, thereby being
able to analyses more efficiently and accurately. A system employing both supervised and unsupervised
learning approach can indicate the main sources, classify noise pattern, and develop actionable knowledge
of their origins. Major innovations in this work include the introduction of convolutional neural networks
for sound feature extraction, clustering techniques for source localization, and real-time processing
capabilities in dynamic environments.

Keywords- Noise Monitoring, Noise Awareness, 10T, Raspberry pi, Noise Source Identification,
Acoustic Signal Processing, Urban Noise Management, Auditory Scene Analysis

INTRODUCTION

when we taking education in colleges we see that, after completing current lecture next lecturer has to
come for take his lecture. But teacher may be busy in other work so they will be come late on lecture.
Between that time spam noise is created by students. Then we decided to find out the solution for control
the noise creates in a classroom. In this project we can intimate noise of students from the classroom
automatically to class coordinator. For that, voice sensor will be used in this project and it will be
controlled by the Raspberry Pi. VVoice will be recognized by an IC (Im 324) which is connected to the
Raspberry Pi. In this we must set the fixed/threshold value of noise decimal. When the noise exceeds the
limit of fixed/threshold value of decimal, then message and image will be sent to the class coordinator
of that class and HOD of department. Through this project respective authority of particular class can
take necessary action to reduce noise while class is making noise because of staff is not available to
engage that class. Using this project, we can control the noisy situation of classroom. For this we can
intimate to class coordinator and HOD through text message on mobile phone or through email.
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1. The Proposed Work and Research
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FIGURE 1. Flowchart of Hardware processing

The figure 1 is flowchart of hardware processing. It is our flow chart of our proposed system. It
consists of following models noise quality index, noise intensity detection model. LM 324 noise detection
sensor is utilized to measure the noise level with motive to monitor noise pollution in an area. When sensor
detect the noise, it processes the output signal voltage which is sent to Raspberry Pi which again performs
the necessary processing required for monitoring the parameters. When the noise level is crosses the limit
at that time this system sends the notification to respective person to perform necessary action.

Hardware Connection

In today’s world many pollution monitoring systems are designed by considering different
parameters. EXisting system model is presented in figure 3 uses Raspberry-pi based wireless sensor
model to monitor noisy conditions withthousands of applications in different fields. With the help of
this kind of project it is easy for the Police to identify the noisy zones. For Ganapati Festival or any
festivals to control noise by Police Station. This project is useful for the control to a noisy in silent zone
and any other places. To determine a frequency level of the noisy by using this “Voice Recognition
Device” and solve the problem to creation of the noisy.

FIGURE 1.b) Connection of Hardware
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It may use in the schools, colleges, court area, hospital and any silent zone areas to control the noise.
A noise detector with instinctive recording device is proposed, which provides frequent warning
information to the user if the noise limit exceeds, and finds wide advantage for labours in industry. Talking
loudly is an infuriating habit in an office environmentas well as in industry the machine noise is quiet
annoying. The office environment with loud co-workers can distract the work and reduce the work
efficiency. The machine noise in an industry environment above 85dBA affects the hearing capacity. To
help and solve this issue, a noise detector with instinctive recording device is proposed. This device
informs the user about the noise level and whenever the noise level exceeds the limit, it automatically
records the sound and its duration. This system finds wide advantage for labours in industry, which
provides frequent warning information to the user if the noise limit exceeds.

Pin Connection

Take raspberry pi and LM 324 sensor for connection. Connect sensor to raspberry pi using pins. Sensor
has three pins like VCC, Ground, general input output pin. Connect raspberry pi VCC to sensor VCC
and ground to ground Connect sensor output pin to pi 14 pin (pi having 40 pin are present out of that
27 pin are available for GPIO (general purpose input output pin ) after that take memory card . In that
memory Card install one operating system that name is Raspbian version 5.2 (Stretch OS). This OS is
Linux like type. In this OS all operation performs on command prompt. After this process connect
monitor, mouse and keyboard to raspberry Pi using HDMI cable. Supply power to pi and monitor in
between 2 to 5 volts.
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FIGURE 1.c) Pin Connection

Model Description-

Initially, the system verifies if all the components that are being connected are in the position to work
or not. A working model connection is established between Raspberry pi3b+ device and IC LM 342.
This is one way connection is used to detect the sensitivity of noise and send message to class co-
ordinator and Head of Department. Noise detection messagewill be send through mobile.

Message to the Class

Co-Ordinator.

Detection Rasphenry: £

) By 3b-
) If noise is overs the
ICLM324 2
e Message to the Head of

Department.

d)
FIGURE 1.d) Model description
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TECHNICAL DETAILS -

Average cost.

to 5V power and 1/0O.

2.5mMA max current use during conversion (while requesting data).
No more than 1 Hz sampling rate (once every second).

Body size 15.5mm x 12mm x 5.5mm.

pins with 0.1" spacing.

ok wnhE

SOFTWARE REQUIREMENTS:
RaspBian Buster OS

Python IDLE3

Language: -: Python

Database: -: MySQL server
HARDWARE REQUIREMENTS:
Raspberry pi 3b+

Laptop

SD card

HDMI cable

ICLM342 sensor

Mobile

Camera

e

Noabkwhe
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2.Proposed work Using Al and ML and Research
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System Architecture for Al-Based Noise Source Identification

loT Sensors & Edge Processing Cloud Al Server Alert & Control

Data Acquisition
Preprocessing
2 ")) ===t o| %)
M
Mobile Alert

icrophones % ' ' ‘ "'
i) NN Moo

Noise Control System

K-Means Beamfomlng
Clustering

L Data Transmission T Proc d Features J— Results & Alerts —J

Al & ML Workflow for Noise Source Identification
A ) - T - T

« Band-Pass Filtering = CNN Classification ‘

Feature Extraction

= Spectrogram

Microphone & - MECC

ol Sen=or = Segmentation

3 ~ Noise Recognition ‘ AAAAAAA
= Normalization - Statistical Features

Noise Identificion
9 Noise Source Noise Source
& Q Detected Wi Detected
5 &-Location Mapped

m ))) Send Alert EE S — e

)))) Activate Noise Control

Traffic, Machinery, etc.

Figure 2

1. System Architecture and Flow

The lI0T-Al-ML noise identification system works through five main stages: (1) Sound Capture, (2) Signal
Preprocessing, (3) Feature Extraction, (4) AI/ML Processing, and (5) Decision and Control with an alert
mechanism.

2. Sound Detection (Data Acquisition)

loT-based microphones or sound sensors (e.g., MEMS microphone, Shure MV88, or Zoom H6) capture
analog sound waves and convert them to digital signals via an ADC (Analog-to-Digital Converter). The
typical sampling rate is 44.1 kHz with 16-bit resolution. Sensors connected to microcontrollers (ESP32,
Raspberry Pi, Jetson Nano) send sound data to cloud servers or edge devices through Wi-Fi, LoRa, or
ZigBee.
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3. Signal Preprocessing

Preprocessing ensures clean, standardized data by performing Band-Pass Filtering (20 Hz—20 kHz),
Segmentation (2-second frames), Normalization (uniform amplitude), and Noise Reduction (Spectral
Subtraction or Wiener Filtering). These steps eliminate unwanted background noise and standardize the
audio data for ML models.

4. Feature Extraction

Al and ML models cannot process raw audio directly. Therefore, features representing sound
characteristics are extracted using techniques such as:
- Spectrogram (STFT): Converts sound into a 2D time-frequency image.
- MFCC: Represents how humans perceive sound.
- ZCR: Measures signal polarity changes.
- RMS Energy: Represents sound energy or loudness.
- Chroma & Spectral Centroid: Capture pitch and tone.

5. Machine Learning and Deep Learning Models

Classical ML models like SVM and Random Forest serve as baselines. Deep Learning models such as
CNNs and CNN-LSTM hybrids provide superior performance for classification tasks.

CNN architecture includes three convolutional layers with ReLU activation and MaxPooling, two fully
connected layers, and a Softmax output. The model uses Adam optimizer and Categorical Cross-Entropy
loss, achieving 94-97% accuracy.

CNN-LSTM models combine spatial (CNN) and temporal (LSTM) learning, improving recognition of
dynamic sounds (accuracy 96-98%). Advanced transformer-based architectures like Audio Spectrogram
Transformer (AST) offer state-of-the-art performance using self-attention mechanisms.

6. Unsupervised Learning for Source Localization and Separation

Unsupervised learning algorithms identify and separate overlapping sounds:
- K-Means Clustering: Groups similar sound features.
- Independent Component Analysis (ICA): Separates mixed signals.
- Beamforming: Determines sound direction for localization.
These methods can localize sources with an accuracy of 0.5-1.2 meters.

7. Real-Time IoT Integration and Alert Mechanism

After classification, IoT microcontrollers trigger alerts (LED, buzzer, or mobile app notification) if noise
exceeds predefined thresholds. Edge computing enables rapid local analysis (<500 ms latency), while
cloud servers perform large-scale processing and model retraining for continuous improvement.
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8. Algorithms and Their Use Cases

| Algorithm | Purpose | Stage |
i [oeeeeees -]

| Band-Pass Filter | Removes irrelevant frequencies | Preprocessing |
| STFT | Converts signal to time-frequency domain | Feature Extraction |
| MFCC | Captures perceptual features | Feature Extraction |
| CNN | Classifies sound type | Supervised Learning |
| LSTM | Models temporal dependencies | Sequential Analysis |
| K-Means / ICA | Source separation | Unsupervised Learning |
|

Beamforming | Localizes sources | Localization |

Executing steps

Step 1: Sound Detection

Your system starts with IoT microphones (sound sensors) placed in different locations.

These microphones hear the sound and change it into numbers (digital data).

The sensors send these numbers through Wi-Fi or Bluetooth to a small computer like a Raspberry Pi or
ESP32.

Step 2: Signal Preprocessing Cleaning the Sound

When you record sound, it’s not always clean there are background noises, wind, and echoes.
So before Al can understand it, the system cleans the sound.

Filtering: It removes unwanted sounds that are too low or too high for human hearing.
Segmentation: It cuts the sound into small pieces (like 2-second clips).

Normalization: It makes all clips the same loudness, so Al doesn’t get confused.

Noise Reduction: It reduces extra background noise (like a fan or air conditioner).

Step 3: Feature Extraction Finding What Makes Each Sound Special

Step 4: Machine Learning & Al

Now the AI’s takes all those sound features and learns how to tell them apart.
Two types of brains (models):

1. Classical ML Models

SVM (Support Vector Machine) and Random Forest.

They look at numbers (features) and try to find patterns.

Example: They learn that traffic noise has certain frequencies, and bird sounds have others.
But... they are not so smart with complex sounds

2. Deep Learning Models (Smart Brains)

These are more powerful like a human brain!

a. CNN (Convolutional Neural Network)

It looks at sound pictures (spectrograms) just like how it looks at images.

It automatically learns patterns of each sound (like traffic, machine, or human).
Example: It learns that machine noise has constant frequency lines, while bird chirps have spikes.
b. CNN + LSTM (Hybrid Model)

CNN understands the visual part of sound (patterns).

LSTM understands the time part (how sound changes over time).

Together, they can tell which sound is happening and where.

c. Transformer Models (Super Smart Al)

These are like the latest ChatGPT-style models, but for sound!

They focus on important parts of the sound automatically.

Extremely accurate but need a big dataset.
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Step 5: Localization & Separation Finding the Source
What if two people are talking or machines are running at the same time?
Your system uses unsupervised learning to separate them.

Algorithms:

K-Means Clustering: Groups similar sounds together (like sorting apples and oranges).

ICA (Independent Component Analysis): Separates mixed sounds (like taking out each voice from a
song).

Beamforming: Finds the direction the sound came from (left, right, near, far).

Like pointing your ear to where the noise is coming from.

Step 6: Real-Time Monitoring & Alert Mechanism Action Time!
Now the system doesn’t just “hear” and “understand” it acts!

If the noise is too loud or from a restricted area, it sends an alert:
A buzzer, flashing light, or mobile notification.
Edge devices process data fast (in under 0.5 seconds), while the cloud stores everything for analysis.

Step 7) The algorithm behind it All 1 STFT: time frequency analysis 2. MFCC: feature extraction 3.
CNN: classification 4. LSTM: Sequence analysis 5. K-Means: clustering 6. Beamforming: localization

Step 8: Final Output

our system can do:

Hear the environment (IoT microphones)
Clean and analyze sounds (signal processing)
Recognize what’s making the noise (AI/ML)
Find where it’s coming from (localization)
Take action automatically (alert mechanism

ADVANTAGES

1. Classroom Management:
The system can assist teachers in managing noise levels in the classroom, ensuring a quieter
environment for effective teaching and learning. By providing real-time alerts when noise
levels exceed the defined threshold, teachers can address noise issues promptly and
maintain a focused learning atmosphere.

2. Student Engagement and Concentration-
Excessive noise can hinder student engagement and concentration. The system helps create
a conducive learning environment by promoting awareness of noise levels and encouraging
students to be mindful of their noise output. This can lead to improved student focus,
participation, and academic performance.

3. Special Needs Education-
The system can be particularly beneficial in classrooms with students who have special
needs, such as those with hearing impairments or sensory processing disorders. By
monitoring noise levels, the system can help ensure that the classroom environment is
suitable for these students, minimizing distractions and providing optimal conditions for
learning.
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Research and Data Analysis-
The collected noise data can be used for research purposes and data analysis. Educational
researchers can analyze noise patterns, correlations between noise levels and academic
performance, and the impact of noise reduction strategies on learning outcomes. This
research can contribute to evidence-based practices for noise management in educational
settings.

FUTURE SCOPE-
The 10T-based noise detection and alert system for a classroom using Raspberry Pi has a
promising future with several potential areas for further development and enhancement-

1. Advanced Noise Analysis-

The system can be expanded to include more sophisticated noise analysis algorithms and
machine learning techniques. This would enable the system to not only detect excessive noise but also
classify different types of noise, such as conversations, distractions, or specific sounds that may disrupt
the learning environment. This additional analysis can provide deeper insights into noise patterns and help
optimize noise reduction strategies.

2. Integration with Smart Classroom Systems -

The noise detection and alert system can be integrated with other smart classroom systems and
technologies. For example, it can be synchronized with lighting systems to automatically adjust the
brightness or color of the lights based on noise levels. Integration with smart whiteboards or interactive
displays could enable the system to pause or mute presentations when noise exceeds acceptable levels.

1. Real-time Monitoring and Reporting-

Enhancements can be made to enable real-time monitoring and reporting of noise levels in the
classroom. This would allow teachers and administrators to have instant visibility into noise conditions
and take prompt action when needed. Real-time reporting can also help in identifying specific time
periods or areas in the classroom where noise issues are more prevalent.

2. Data Analytics and Insights-

The collected noise data can be further analyzed to extract valuable insights. Statistical analysis
and data visualization techniques can be applied to identify trends, patterns, and correlations between
noise levels and academic performance. These insights can assist educators in making data-driven
decisions to optimize classroom management and learning outcomes.

3. Integration with Smart Devices-

The system can be integrated with other smart devices or wearables, such as smart watches or
noise-cancelling headphones. This integration can provide individuals with personal notifications or
customized settings to help them manage their own noise output and create a personalized learning
environment.

RESULT

Sr. Action Idle Low | Medium | High | No
No Range | Noise | Noise | Noise | Detection
1 | Clapping 40DB V4
2 | Dropping 55DB v

Duster
3 | School Bell 100DB N4
4 | Music 80DB v
5 | Drag Table 65DB V4
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6 | Communication | 55DB V4

7 | Snap the Finger | 35DB V4
8 | Shouting 70DB V4

TABLE 1. Actions and its noise level

our proposed system attempts to make practical model of noise detection based system which not
only just detects noise but also is capable of distinguishing between normal sound and noise on the
basis of intensity of sound and based on that comparison it makes decision to know about where the
noise is high and it help to know where to put how much volume. in following result table 1, we used
some range of noise level of various actions onthe basis of google service. using this we calculate
following results. using this we can control the noise level in school. the advantage of this project is
help in reducing the noise in school but also help in controlling the noise in silence zone area,
maintaining the noise in hospitals, control the noise in various festival and it also used for traffic and
also to vehicle riders to not honk unnecessarily at traffic signals. in this system used noise sensor
Im324 to detect noise.

CONCLUSION

The proposed model detects the noise detection which causes serious hearing capacity in humans.
the device modeled with three cluster nodes is compatible with different environmental condition and
finds application in the different field. the system provides frequent warning information if the cluster data
exceeds the threshold limit of 85 db raspberry pi interfaced with think speak api provides iot platform
combined with cloud storage location to record the noise levels at different cluster nodes. furthermore, the
proposed model provides viability to fix cluster nodes based on the usage and also to vary the threshold
value. advantage of the project is sensors are easily available. it is simple, compact and easy to handle.
sensors have long life time & less cost. it’s drive circuit is very simple & system is real time. It will help
to all researchers who are doing research based on noise control.
By combining IoT sensors for data collection and Al/ML algorithms for sound recognition, the system
automatically detects, identifies, and controls noise sources. Deep learning models like CNNs, CNN-
LSTMs, and Transformers provide high performance, while 10T integration allows real-time monitoring
and automatic alerts. This system is suitable for industrial noise management, urban planning, and smart
city applications.
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