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1. ABSTRACT

Forest fires represent a considerable danger to
ecosystems, wildlife, and human life, resulting in
substantial environmental and economic harm
annually.

Early detection is essential for reducing the spread
and effects of such calamities. This project
introduces an Al-driven Forest Fire Detection
System that employs Convolutional Neural
Networks (CNNs) for the automated identification
of fire and smoke from images and video streams.
The system is developed using Python and is
deployed via a Flask-based web application for
real-time monitoring and user engagement.

The proposed system combines a trained deep
learning model with image preprocessing methods
to categorize input media as "Fire" or "No Fire."
To improve reliability, a color-based analysis in
the HSV color space is integrated to identify fire-
like patterns (red, orange, and yellow shades),
thereby enhancing detection performance in
difficult situations. The system accommodates
various input formats, including JPG, PNG, MP4,
AVI, and MOV, and processes both still images
and video frames.

Upon the detection of fire, the system
automatically  activates  alert  mechanisms,
including email notifications containing detection
specifics and optional alarmsounds

based on a set confidence threshold. The
application features a user-friendly interface for
file uploads, viewing detection outcomes, and
monitoring real-time analysis. Testing tools and
manual trigger options are provided to guarantee
system reliability and facilitate evaluation.

The proposed solution presents a scalable and
cost-efficient method for early forest fire detection
and can be integrated with surveillance cameras
and remote monitoring systems. With additional
optimization and  deployment in  cloud
environments, the system can accommodate large-
scale forest monitoring and disaster management
initiatives.

2. INDEX TERMS

Fire detection, image classification, OpenCV, deep
learning, and Convolutional Neural Networks

3. INTRODUCTION

Forest fires rank among the most devastating
natural disasters, inflicting significant harm on
forests, wildlife habitats, human communities, and
the global ecosystem. Annually, uncontrolled
wildfires lead to biodiversity loss, air pollution,
economic repercussions, and even fatalities. The
escalating impacts of climate change, increasing
temperatures, and extended dry seasons have
exacerbated the frequency and
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intensity of forest fires globally. Consequently,
early detection and swift response are vital to
mitigate damage and avert large-scale catastrophes.

Conventional fire detection systems typically
depend on human observation, satellite
surveillance, or rudimentary sensor-based methods.
Although these techniques are beneficial, they can
experience delays in detection, limited coverage,
high operational expenses, or reliance on manual
intervention. In remote forest regions, where
human oversight is challenging, an automated and
intelligent detection system becomes
essential. With  the  progress in  Artificial
Intelligence (AI) and Deep Learning, computer
vision  methodologies  have
considerable promise in identifying fire and smoke
from images and videos. Convolutional Neural
Networks (CNNs), in particular, have shown
remarkable effectiveness in image classification
and object recognition tasks. By training a CNN
model on images of fire and non-fire scenarios, it
is feasible to develop a system capable of
autonomously recognizing fire incidents with high
precision.

demonstrated

This project introduces an Al-driven Forest Fire
Detection System that utilizes CNN- based image
classification along with color enhancement
techniques for enhanced reliability. The system is
developed using Python and deployed via a Flask-
based web application, allowing users to upload
images or videos for evaluation. Upon detecting
fire, the system automatically initiates alerts such
as email notifications and alarm sounds, ensuring
prompt awareness and response.

4. RELATED WORK
4.1 Traditional Fire Detection Methods

Conventional  detection systems encompass
watchtowers, infrared cameras, and manual
surveillance. While they are effective in controlled
areas, these systems demand significant labor and
are susceptible to delays in response times. Human
observation can also be hindered by visibility
issues and fatigue.

4.2 Sensor-Based Systems

Sensor networks employ temperature, smoke, gas,
and humidity sensors to identify fire-related
anomalies. Although they are dependable in indoor
or structured settings, the implementation of
extensive sensor networks across forests is costly
and necessitates ongoing maintenance.
Furthermore, sensor-based systems may trigger
false alarms due to environmental variations.

4.3 Satellite-Based Detection

Remote sensing technologies leverage thermal
imaging to identify hotspots. Organizations utilize
satellite data to oversee vast geographical areas.
However, satellite systems may encounter delays
due to orbital cycles, interference from cloud
cover, and limited resolution for detecting early-
stage fires.

4.4 CNN-Based Fire Detection Approaches

Numerous studies have employed deep learning
models such as CNNs, ResNet, VGGNet, and
MobileNet for fire detection.
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These methodologies exhibit high classification
accuracy and adaptability to diverse conditions.
CNNs automatically extract spatial features,
thereby removing the necessity for manual feature
engineering.

5. PROPOSED METHODOLOGY
5.1 System Architecture

1. The overall architecture of the system is
composed of five primary layers:

2. Input Layer — Accepts images or video files.

3. Preprocessing Layer — Conducts resizing,
normalization, and frame extraction.

4. CNN Classification Layer — Estimates the
probability of fire occurrence.

5. Color Enhancement Layer — Confirms fire- like
color patterns within the HSV color space.

6. Alert Layer — Produces notifications and
alarms.

This modular design guarantees both scalability
and maintainability.

5.2 Dataset Description

The dataset consists of labeled images of fire and
non-fire instances gathered from publicly
accessible sources as well as simulated datasets.
The images depict a variety of environmental
conditions, including daytime, nighttime, the
presence of smoke, and partial visibility of fire.

The dataset is categorized into:
Training Set (80%)
Testing Set (20%)

Data augmentation methods such as rotation,
flipping, and scaling are utilized to improve
generalization and mitigate overfitting.

5.3 Image Preprocessing

The preprocessing procedures include:
1.Conversion to RGB format

2. Resizing to 224 x 224 pixels

3. Pixel normalization (0—1 range)

4. Noise management

5,Frame extraction from videos

These procedures ensure a uniform input format
for CNN processing.

5.4 CNN Model Architecture
The architecture of the CNN model comprises:
1. Input Layer (224 x 224 x 3)

2. Multiple Convolutional Layers with ReLU
activation

3. Max Pooling Layers
4. Flatten Layer
5. Dense Fully Connected Layer

6. Softmax Output Layer (2 classes: Fire / No
Fire)
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5.5 Fire Detection Algorithm

The fire detection algorithm operates as
follows:

1.Receive the input image or frame 2.Preprocess
the image

3. Execute CNN prediction

4. Compute the fire confidence score

5. Conduct threshold comparison

6. Implement color-based validation

7. Activate alerts if fire is detected

This multi-layered decision-making process
minimizes false negatives and enhances reliability.

5.6 Alert and Notification Mechanism
In the event of fire detection:

1. An email notification is dispatched using the
SMTP protocol

2. An alarm sound is activated if the confidence
level is greater than or equal to the threshold

3. The resulting image is marked with bounding
indicators

4. Detection logs are recorded in JSON format

This guarantees prompt awareness and thorough
documentation.

© 2026, IJSREM | https://ijsrem.com

6. IMPLEMENTATION DETAILS

6.1 Software Environment
1. Python version 3.8 or higher
2. Flask Web Framework

3. TensorFlow / Keras

4, OpenCV

5. NumPy

6. Pygame (Alarm system)

6.2 Hardware Requirements
1.Intel i5 Processor or superior
2.8to 16 GB of RAM
3.Optional NVIDIA GPU

4.10 GB of storage

6.3 Model Training Procedure
1. Number of Epochs: 20 to 50
2. Batch Size: 32

3. Learning Rate: 0.001

4. Train-Test Split Ratio: 80:20

Validation accuracy reaches stability after an
adequate number of training iterations.

6.4 Web Application Development
The system comprises:

Home page (Upload interface) Real-time detection

page
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Result visualization page
Manual alert testing endpoints Configuration
debugging tools

The Flask backend is responsible for file
processing and alert triggering.

7. EXPERIMENTAL RESULTS AND
ANALYSIS

7.1 Performance Metrics

The evaluation of the model's performance is
conducted using the following metrics:

1. Accuracy — The total number of correct
predictions made

2. Precision — The ratio of correctly identified fire
detections to the total number of predicted fires

3. Recall — The ratio of correctly identified fire
detections to the total number of actual fires

4. F1-Score — The harmonic mean of precision
and recall

7.2 Confusion Matrix

The confusion matrix illustrates the following
components:

1. True Positives (TP)
2. True Negatives (TN)

3. False Positives (FP)

N

. False Negatives (FN)

The results demonstrate a robust classification
performance with a low incidence of false
negatives.

7.3 Image Detection Results

The system effectively detects fire under various
lighting conditions and offers visual bounding
indicators along with confidence scores.

7.4 Video Detection Results

Video frames are analyzed at predetermined
intervals. The system identifies the frame
exhibiting the highest probability of fire and
compiles a summary video.

7.5 Comparison with Existing Methods

In order to assess the efficacy of the suggested
CNN-based fire detection system, a comparative
analysis was performed in relation to both
traditional and contemporary fire detection
methods. This comparison takes into account three
primary performance metrics: detection speed,
accuracy, and degree of automation.

Method Detection | Accuracy | Automation
level

Manual Slow Moderate | No

Monitoring

Sensor- Moderate | Moderate | Partial

Based
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Satellite- | Dealayed | High | Yes
Based

Proposed | Real-Time | High | Fully
CNN Automated
System

8. CONCLUSION

This document outlines a thorough Al-driven
Forest Fire Detection System that incorporates
CNN-based classification, color enhancement
techniques, and automated alert systems. The
system exhibits robust detection capabilities in
both image and video contexts. Its modular design,
web-based interface, and real-time alert
functionalities render it appropriate for practical
implementation in forest surveillance and disaster
management initiatives.

9. FUTURE ENHANCEMENT
1.Deployment in the cloud (AWS/Azure)
2.Integration of IoT sensor networks

3.Real-time surveillance utilizing drones
4.System for SMS notifications 5.Implementation
of Edge Al

6.Training on larger datasets to enhance
accuracy
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