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ABSTRACT:

Forest fires are among the most destructive environmental disasters, causing severe ecological
imbalance, biodiversity loss, atmospheric pollution, and economic damage. The increasing frequency of
wildfires due to climate change, prolonged drought, and human negligence highlights the urgent need
for early detection systems. Traditional fire detection methods such as watchtowers, manual patrols, and
satellite monitoring often suffer from delayed detection, limited accessibility, and high operational costs

This paper presents an Internet of Things (IoT) and Machine Learning-based Forest Fire Detection
System designed for real-time environmental monitoring and early warning. The system employs
distributed sensors to measure temperature, humidity, and smoke levels. The collected data is processed
using a microcontroller and analysed using intelligent threshold algorithms and machine learning
models to improve detection accuracy. Upon identifying abnormal environmental patterns, the system
automatically transmits alerts to concerned authorities through wireless communication modules.

The proposed system emphasizes affordability, scalability, low power consumption, and real-time
responsiveness. Experimental evaluation demonstrates improved detection speed and reduced false
alarms compared to traditional approaches

I.INTRODUCTION

Forests play a vital role in maintaining ecological balance by regulating climate, conserving
biodiversity, and acting as carbon sinks. However, forest fires remain a significant global threat. Factors
such as global warming, reduced rainfall, dry vegetation, and human activities have significantly
increased wildfire incidents worldwide.

A minor ignition source can rapidly develop into a large-scale wildfire under dry and windy conditions.
Early detection is critical because the spread of fire increases exponentially with time. Traditional fire
detection systems rely on manual observation and satellite imaging, both of which suffer from delays
and limitations in remote areas.

Recent advancements in 10T and embedded systems enable continuous environmental monitoring.
Wireless Sensor Networks (WSNs) collect real-time data and transmit alerts automatically. When
combined with machine learning algorithms, these systems intelligently differentiate between normal
environmental variations and actual fire events.
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Il. LITERATURE SURVEY

Researchers have explored multiple techniques to improve wildfire detection efficiency. The major
approaches are summarized below.

A. Satellite-Based Detection

Satellite imaging provides large geographical coverage and is useful for tracking active fires. However,
revisit intervals, atmospheric interference, and low spatial resolution may delay identification of small
ignition points.

B. Vision-Based Systems

Camera networks combined with image processing algorithms can detect smoke patterns. Although
effective in clear conditions, these systems require significant infrastructure, stable power, and high
bandwidth. Environmental factors such as fog or moving clouds can produce false alarms.

C. Wireless Sensor Networks

Sensor nodes deployed within forests monitor parameters like temperature and gas levels. They offer
faster localized detection and lower installation costs. Energy efficiency and communication reliability
remain challenges.

Recent studies integrate sensors with cloud platforms for real-time data analytics and remote
accessibility. 10T enhances scalability and supports predictive modelling.

After analysing previous work, sensor-based 10T monitoring emerges as the most practical method for
early-stage detection.

11. PROBLEM STATEMENT

Existing fire detection mechanisms suffer from several limitations:

. Dependence on human monitoring

. High infrastructure cost

. Delayed reporting

. Inability to function in inaccessible areas

A smart, autonomous system is required to continuously observe environmental conditions and
instantly notify authorities without human intervention.

I\VV. OBJECTIVES OF THE STUDY

The primary objectives include:

Design a real-time monitoring system.

Detect abnormal temperature rise and smoke presence.
Minimize detection delay.

Reduce false alarms using machine learning.

Ensure low power consumption and cost efficiency.
Provide reliable communication to emergency services.

ogakrwnE

V. PROPOSED METHODOLOGY
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The system is built around distributed sensor nodes connected to a microcontroller. Data acquisition,

International Research Journal of Education and Technology Ir_;

Peer Reviewed Journal, ISSN: 2581-7795

processing, and communication occur in a continuous loop.

Step 1 — Data Collection

Sensors measure temperature, humidity, and smoke concentration.
Step 2 — Data Processing

The controller compares readings with threshold values derived from environmental studies.
Step 3 — Decision Making

If abnormality persists for a defined duration, the system categorizes it as a potential fire event.
Step 4 — Alert Transmission

Messages are sent to authorities through GSM or internet modules.
Step 5 — Data Logging

Information is stored for further analysis and preventive planning.

V1. SYSTEM ARCHITECTURE

The architecture consists of four layers:

The system architecture is designed using a layered approach to ensure modularity,
flexibility, and scalability. The first layer is the Sensing Layer, which consists of
temperature, humidity, and smoke sensors that continuously collect environmental data
from the surroundings.

The second layer is the Processing Layer, where a microcontroller (such as Arduino or
ESP32) processes sensor data, filters noise, and applies threshold checks along with
machine learning algorithms to determine fire risk levels.

The third layer is the Communication Layer, responsible for transmitting data and alerts
via GSM, Wi-Fi, or IoT cloud platforms. Finally, the Application Layer provides a user
interface (web or mobile-based) that allows forest authorities to monitor environmental
conditions and receive real-time notifications.

2026 VVolume 09 Issue 03 www.irjweb.com | March — 2026 — IRJEdT

32

=

———

&

3 w(



l&ﬁl International Research Journal of Education and Technology
}ﬁJEd\TI Peer Reviewed Journal, ISSN: 2581-7795

VIil. FLOW DIAGRAM

Training Data T~
ire prigade
Home Ag
Surveillance J J é
Training SVM :
|
Forest Real Time l — | FRe
Surveillance Video
Feed
— | Rl
ode 5
Vehicle ——31 Non- Fire
Surveillance T i
Y
— Testing Data No action

VIII.HARDWARE DESIGN

A. Temperature Sensor
Monitors heat variations. A sudden increase signals risk.
B. Smoke Sensor
Identifies combustion gases such as carbon monoxide.
C. Humidity Sensor
Helps determine dryness of vegetation.
D. Microcontroller Unit
Executes algorithms, manages communication, and triggers alarms.
E. Power Supply
Can be supported by batteries or solar panels for remote deployment.

IX. SOFTWARE DESIGN

The embedded program operates continuously and performs:

Sensor initialization
Periodic data sampling
Threshold comparison
Alert generation
. Communication handling
Advanced implementations may include machine learning to reduce false positives.
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XI. ADVANTAGES

e The proposed Forest Fire Detection System offers several significant advantages over traditional
monitoring methods. First, it provides early detection through continuous real-time monitoring of
environmental parameters such as temperature, humidity, and smoke levels. This reduces response
time and prevents small ignition sources from escalating into large-scale wildfires.

e The system is cost-effective and scalable, as sensor nodes can be deployed incrementally across
wide forest areas depending on requirements. It also consumes low power, making it suitable for
remote locations where electricity supply is limited.

e Another key advantage is the integration of machine learning algorithms, which significantly
reduces false alarms by intelligently analysing environmental patterns rather than relying solely on
fixed threshold values. Additionally, the system supports remote monitoring and instant alert
notifications, enabling authorities to take immediate preventive action.

XI1. APPLICATIONS

e The proposed system can be widely implemented in forest reserves and wildlife sanctuaries,
where early fire detection is critical to protect biodiversity and endangered species. It is also
highly suitable for national parks, where tourism activities increase the risk of accidental fire
outbreaks.
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In addition, the system can be deployed in border areas and remote mountainous regions where

manual monitoring is difficult and costly. It can support environmental research centres by
providing continuous climate and environmental data for analysis.

Furthermore, the system can be adapted for use in agricultural fields, warehouses storing
flammable materials, and industrial zones, thereby extending its usefulness beyond forest
environments.

XIl. FUTURE ENHANCEMENTS

Potential upgrades include:

Although the proposed system is effective, several improvements can further enhance its
performance and reliability. One major enhancement is the integration of drone-based
surveillance systems that can verify fire alerts visually and provide real-time aerial footage of
affected areas.

The incorporation of deep learning models and predictive analytics can improve fire risk
forecasting based on historical environmental data. This would enable preventive action even
before a fire starts.

Another enhancement involves integrating GPS-based location tracking for precise
identification of fire origin points. The system can also be upgraded with automatic fire
suppression mechanisms, such as water sprinklers or fire-retardant chemical release systems.

Finally, the use of solar-powered sensor nodes with energy-efficient communication protocols
can improve sustainability and long-term deployment in remote forest regions.\
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