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Abstract- This paper presents an IoT and Deep Learning-
based Smart Fire Prevention and Suppression System
designed to improve fire safety and emergency response
efficiency. Traditional fire detection systems rely mainly on
smoke detectors and manual monitoring, which often result in
delayed detection and increased damage. The proposed
system integrates 1oT sensors, deep learning algorithms, and
cloud connectivity for real-time fire monitoring and automated
suppression. Sensors such as smoke, temperature, and gas
sensors continuously monitor environmental conditions and
transmit data to a cloud platform through a NodeMCU
microcontroller. Deep learning models analyze sensor and
image data to accurately identify fire incidents and reduce
false alarms. When abnormal conditions are detected, alerts
are sent to users and suppression mechanisms are activated
automatically. The system improves response time, enhances
safety, minimizes property damage, and supports smart
building and smart city applications.
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L. INTRODUCTION
1.1 Background

Fire accidents are among the most dangerous
disasters affecting human life, property, industries, and the
environment. Traditional fire safety systems generally use
smoke detectors or heat sensors, which often fail to provide
accurate and early fire detection. Delayed response increases
the severity of damage and risks to human lives.

With advancements in Internet of Things (IoT),
Artificial Intelligence (AI), and Deep Learning technologies,
modern fire detection systems can provide intelligent
monitoring, real-time alerts, and automated suppression
mechanisms. IoT  enables environmental
monitoring, while deep learning algorithms improve fire

continuous
recognition accuracy by analyzing sensor and image data.

1.2 Need for Smart Waste Management
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Conventional fire alarm systems generate false
alarms due to dust, steam, or environmental changes. They
also require manual monitoring and human intervention for
suppression. In large buildings, industries, and public areas,
delayed detection may result in catastrophic losses.

The integration of IoT and Deep Learning enables
real-time monitoring, automated decision-making, and
intelligent fire detection. These technologies
reliability, reduce false alarms, and ensure faster emergency

improve
response.
1.3 Scope of the System

The proposed Smart Fire Prevention and Suppression
System can be implemented in smart homes, industries,
hospitals, shopping malls, educational institutions, data
centers, and smart cities. The system supports remote
monitoring, automated alerts, and intelligent fire suppression.

II. PROBLEM STATEMENT

Traditional fire detection systems suffer from
multiple limitations due to the absence of intelligent
monitoring and automation. Most systems rely only on smoke
detectors or manual surveillance, leading to delayed fire

detection and increased damage.

False alarms caused by dust, fog, steam, or lighting
conditions  reduce system reliability.  Furthermore,
conventional systems cannot analyze environmental patterns
or predict fire hazards effectively. Manual firefighting
operations are dangerous and time-consuming.

Therefore, there is a need for a smart system that
combines IoT technology and deep learning algorithms for
accurate, real-time fire detection and automated suppression.

I11. OBJECTIVES

3.1 Main Objective

The main objective of this project is to develop an
IoT and Deep Learning-based Smart Fire Prevention and

wWww.ijsart.com



IJSART - Volume 12 Issue 5 - MAY 2026

Suppression System for real-time fire monitoring and
automated emergency response.

3.2 Specific Objectives

e To continuously monitor environmental conditions using
Sensors.

e To detect fire and smoke using deep learning techniques.

e To reduce false alarms through intelligent analysis.

e To send real-time alerts to users and authorities.

e To activate automated fire suppression mechanisms.

o To improve safety and reduce property damage.

e To support smart city and smart building applications.

IV. LITERATURE SURVEY

Several research studies have explored intelligent fire
detection systems using IoT and Artificial Intelligence
technologies. Traditional systems mainly use smoke and heat
sensors for fire detection. Recent advancements integrate
computer vision and deep learning algorithms to improve
detection accuracy.

IoT-based fire monitoring systems use wireless
communication technologies such as Wi-Fi, GSM, and LoRa
for transmitting sensor data to cloud platforms. Deep learning
models such as CNN, YOLO, and FireNet are widely used for
image-based fire detection and localization.

Researchers have also proposed drone-assisted
firefighting systems, robotic fire suppression systems, and
cloud-based emergency response frameworks. Smart sensors
and thermal imaging technologies are increasingly used for
early fire detection in industrial and outdoor environments.

These studies demonstrate that combining [oT, Deep
Learning, and significantly improves fire
prevention and suppression efficiency.

automation

V. PROPOSED SYSTEM
5.1 Overview
The proposed system is an loT-based smart waste

management solution that uses sensors and wireless
communication to monitor garbage levels in real time. The

system consists of an ultrasonic sensor, NodeMCU
microcontroller, servo motor, cloud platform, and user
interface.

5.2 Working Principle
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The sensors continuously monitor smoke, gas
concentration, flame intensity, and temperature levels. The
NodeMCU collects sensor data and transmits it to the cloud
platform through Wi-Fi.

A deep learning model processes image and sensor
data to identify fire incidents accurately. If abnormal
conditions are detected, the system automatically sends alerts
through mobile or web applications.

Simultaneously, the suppression system activates
sprinklers or water pumps to control the fire before it spreads
further.

VI. SYSTEM ARCHITECTURE
The system architecture consists of four major layers:
1. Sensing Layer

Includes smoke sensors, flame sensors, temperature
sensors, and cameras that collect real-time

environmental data.

gas Sensors,

2. Processing Layer

Consists of the NodeMCU microcontroller and deep
learning processing unit responsible for analyzing sensor and
image data.

3. Communication Layer

Uses Wi-Fi or cloud communication to transmit data
between devices and cloud platforms.

4. Application Layer

Includes mobile applications, cloud dashboards, and
alert systems for monitoring and emergency notifications.

The architecture enables real-time monitoring,
intelligent decision-making, and automated suppression.
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VII. METHODOLOGY

The system follows an iterative development
methodology. Initially, system requirements such as fire
detection accuracy, alert generation, and automated

suppression are analyzed.

The hardware components are integrated with IoT
communication modules. Deep learning models are trained
using fire and smoke datasets for accurate classification and
detection.

The modules are tested individually and later
integrated into a complete system. Functional and
performance testing are performed under different fire
conditions to evaluate reliability and response time.

XIII. HARDWARE IMPLEMENTATION
The hardware setup consists of:

e NodeMCU (ESP8266)

e  Smoke Sensor (MQ-2)

e Flame Sensor

e  Temperature Sensor (DHT11/DHT22)
e  Gas Sensor

e Camera Module

e  Water Pump/Sprinkler

e  Buzzer and LEDs

e Relay Module

e  Connecting Wires and Power Supply
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The sensors are connected to the NodeMCU
microcontroller, which processes the collected data. The relay
module controls the sprinkler or water pump system
automatically during fire incidents.
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IX. SOFTWARE IMPLEMENTATION
The system software is developed using:

e Arduino IDE (Embedded Programming)
e Python (Deep Learning Model)

e TensorFlow/Keras

e  OpenCV

e  Blynk/ThingSpeak Cloud Platform

The NodeMCU  collects data and
communicates with the cloud through Wi-Fi. Deep learning
algorithms analyze images captured by the camera module for
fire and smoke detection.

S€nsor

The software continuously monitors environmental
conditions and activates alerts and suppression mechanisms
during emergencies.
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X. RESULTS AND DISCUSSION

The proposed system was tested under different
environmental conditions. The sensors successfully detected
smoke, heat, and flames in real time.

The deep learning model accurately identified fire
incidents and reduced false alarms caused by lighting
variations and environmental disturbances.

The alert system responded quickly by sending
notifications to users through cloud platforms. The automated
sprinkler system activated immediately after fire detection,
reducing fire spread and damage.

Overall, the system demonstrated high accuracy, fast
response time, and reliable performance.

XI. ADVANTAGES

e Real-time fire monitoring

e  Early fire detection

e Reduced false alarms

e Automated suppression system

e Remote monitoring through cloud

e Improved safety and emergency response
e Cost-effective and scalable

e  Supports smart city applications

XII. APPLICATIONS

The proposed system can be implemented in:
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e Smart Homes

e Industries

e Hospitals

e  Shopping Malls

e Schools and Colleges

e Data Centers

e  Warehouses

e  Smart Cities

e  Forest Fire Monitoring Systems

XIII. FUTURE ENHANCEMENTS
The system can be further enhanced by integrating:

e  Drone-assisted fire monitoring

e  GPS-based emergency tracking

e Advanced Al prediction models

e Robotic firefighting systems

e  Solar-powered IoT devices

e Edge Al processing

e Smart evacuation systems

e Multi-building centralized monitoring
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