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Abstract: Forest fires are a major environmental threat causing severe damage to ecosystems, wildlife, and human life. Early
detection is essential to minimize losses and improve response time. This project proposes an loT-based forest fire detection
system using LoRa communication for long-range and low-power monitoring. Multiple sensors such as temperature, humidity,
smoke, and flame sensors are used to continuously monitor environmental conditions. The collected data is processed using a
microcontroller to detect fire risks in real time. LoRa technology ensures reliable communication even in remote forest areas
with limited network coverage. A GPS module is integrated to identify the exact location of fire incidents. Additionally, an Al-
based model analyzes historical data to predict high-risk zones. The system is cost-effective, scalable, and improves early
warning and disaster management efficiency.

Index Terms: 10T, Forest Fire Detection, LoRa Communication, Environmental Monitoring, Temperature Sensor, Smoke
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I. INTRODUCTION

Forest fires are one of the most serious environmental disasters that cause widespread damage to forests, wildlife, and human
settlements. These fires can spread rapidly due to dry weather conditions, high temperatures, and strong winds. In recent years,
the frequency of forest fires has increased due to climate change and human activities. Early detection is very important to
reduce the impact and prevent large-scale destruction. However, traditional fire detection methods are often slow and
inefficient. This creates a need for advanced and reliable monitoring systems.

Conventional methods such as watchtowers, patrol teams, and satellite monitoring have several limitations. They mainly
depend on human observation, which can lead to delays in detecting fires. Satellite systems may fail to detect small or early-
stage fires and are affected by weather conditions like clouds and smoke. Communication systems like GSM and Wi-Fi have
limited range and are not suitable for remote forest areas. These drawbacks make real-time monitoring difficult. Therefore,
there is a need for an automated and efficient fire detection system.

To overcome these challenges, this project proposes an loT-based Forest Fire Detection System using LoRa technology. The
system uses multiple sensors such as temperature, humidity, smoke, and flame sensors to continuously monitor environmental
conditions. A microcontroller processes the collected data and identifies potential fire risks in real time. LoRa communication
enables long-range and low-power data transmission, making it suitable for remote forest regions. A GPS module helps in
locating the exact position of fire incidents. The system also includes an alert system to notify authorities immediately.
Additionally, Al techniques can be used to predict high-risk zones using historical data. Overall, the proposed system ensures
early detection, quick response, and improved forest safety.

I.LRELATED WORKS

With the advancement of 10T technologies and environmental monitoring systems, several solutions have been developed for
early forest fire detection. Researchers have focused on using wireless sensor networks to monitor parameters such as
temperature, humidity, and smoke levels in forest environments. These systems continuously collect real-time data and transmit
it to monitoring stations for analysis. The use of multiple sensors improves the accuracy of fire detection by identifying
environmental changes at an early stage. Many systems are designed to operate automatically without human intervention,
reducing dependency on manual monitoring methods. While these systems improve early detection, most of them depend on
fixed threshold values to identify fire c...
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Many existing forest fire detection systems rely on embedded platforms such as Arduino and ESP32 for sensor data collection
and processing. These systems integrate various sensors and microcontrollers to continuously monitor environmental
conditions and detect abnormal changes. They provide basic alert mechanisms using buzzers, LEDs, or message notifications
when fire risks are identified. These systems are generally cost-effective, easy to design, and suitable for small-scale
applications. However, they often lack advanced data processing and intelligent decision-making capabilities. In addition, most
of these systems are limited to short-range communication technologies, which restrict their usage in large forest areas. The
absence of reliable long-distance communication reduces the effectiveness of real-time monitoring. As a result, there is a need
for more advanced systems that support wide-area coverage and efficient data transmission.

Wireless communication technologies such as GSM, Zigbee, and Wi-Fi have been widely used in earlier forest monitoring
systems. However, these technologies suffer from limitations such as high-power consumption, limited coverage range, and
network dependency. In remote forest regions, where communication infrastructure is weak or unavailable, these methods fail
to provide consistent real-time monitoring. As a result, the need for a more reliable and energy-efficient communication system
has become essential.

To address these limitations, researchers introduced LoRa-based forest fire detection systems. LoRa technology provides long-
range communication with low power consumption, making it suitable for remote and large forest environments. These systems
enable sensor nodes to transmit environmental data over long distances to central monitoring units. LoRa-based solutions
improve system reliability and ensure continuous monitoring even in areas with no cellular connectivity. In addition, LoRa
networks support scalable deployment, allowing multiple sensor nodes to be connected over wide geographical areas. The low
power requirement also increases the battery life of sensor devices, making them suitable for long-term field operation.

Recent studies have also explored the integration of Artificial Intelligence and Machine Learning techniques in fire detection
systems. Al models analyze both real-time and historical environmental data to identify patterns and predict fire-prone
conditions. This approach enhances early detection capabilities and reduces false alarms compared to traditional threshold-
based systems. However, many of these Al-based systems are implemented separately and are not fully integrated with real-
time loT monitoring frameworks. In addition, some models require high computational resources and depend on cloud
processing, which may introduce latency in critical situations. The lack of seamless integration between sensing,
communication, and intelligent analysis reduces overall system efficiency.

Energy efficiency and multi-sensor data fusion have become important research areas in modern forest fire detection systems.
Researchers are focusing on combining data from multiple sensors such as temperature, humidity, smoke, and flame sensors
to improve detection accuracy. This approach helps in reducing false alarms and provides a more. reliable assessment of
environmental conditions. In addition, low-power system design techniques are used to extend the battery life of sensor nodes
deployed in remote forest areas. Techniques such as duty cycling and energy-efficient communication protocols are commonly
used to optimize power consumption. However, maintaining a balance between energy efficiency and real-time performance
remains a challenge. Therefore, developing systems that ensure both long operational life and continuous monitoring is essential
for effective forest fire detection.

SAMPLE OUTPUT IMAGE
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111.METHODOLOGY

The methodology of the proposed system focuses on designing and implementing a smart forest fire detection system that
ensures early detection and rapid response through real-time environmental monitoring, intelligent analysis, and reliable
communication. The system integrates multiple environmental sensors, a microcontroller, LoRa communication technology,
and an optional Al-based model to continuously monitor forest conditions and detect fire hazards. The development process
includes sensor data acquisition, data processing, long-range data transmission, analysis, alert generation, and remote
monitoring.

3.1  Power Supply

This module provides a stable and regulated power supply to all components of the system. Since the system is deployed in
remote forest areas, it requires a reliable power source such as batteries or solar panels. A voltage regulator ensures proper
voltage levels for sensors, microcontroller, and communication modules. Communication power supply is essential for
uninterrupted monitoring and system operation.

3.2 Data Processing and Decision Making
In this module, the microcontroller acts as the central processing unit of the system. It receives data from all sensors and
processes it by combined with predefined threshold values. If abnormal conditions such as high temperature, smoke, or flame
detection are observed, the system identifies it as a potential fire hazard. Basic decision-making is performed at this level to
ensure quick response. This enables the system to take immediate action and trigger alerts without delay.

3.3 Al-Based Analysis and Prediction
This module enhances the system by incorporating Artificial Intelligence techniques for intelligent monitoring. The sensor data
can be analyzed using machine learning algorithms to predict fire-prone conditions based on historical and real-time data. Al
models help in identifying patterns and detecting abnormal trends. This improving early warning capability and reduces false
alarms. It also enhances the overall accuracy and reliability of the fire detection system.

3.4 LoRa Communication System

The LoRa (Long Range) communication module is used for transmitting data over long distances in forest environments where
traditional communication methods are ineffective. The processed data from the microcontroller is sent through a LoRa
transmitter to a remote receiver or monitoring station. LoRa ensures low power consumption and reliable communication even
in remote and large forest areas.
3.5 Alert and Warning System

This module provides immediate alerts to forest authorities when fire conditions are detected. The system uses buzzers, LEDs,
and notification systems to generate warnings. Alerts can also be sent through SMS or cloud platforms with location details
using GPS. This enables quick action such as fire control measures and evacuation. The alert system plays a crucial role in
minimizing damage and ensuring safety.

IV SYSTEM ARCHITECTURE

The proposed Forest Fire Detection System using LoRa is designed to provide real-time monitoring, early detection, and rapid
response to fire hazards in forest environments. The system architecture consists of multiple components, including sensor
nodes, a data acquisition unit, a processing module, a communication system, cloud-based monitoring, and an alert mechanism.
Each component is integrated to ensure accurate detection and reliable operation, particularly in remote and inaccessible forest
regions. The system is designed for continuous operation, enabling uninterrupted environmental monitoring. It also supports
scalability, allowing the deployment of multiple sensor nodes across large geographical areas. Furthermore, the integration of
advanced technologies enhances system efficiency, reduces response time, and improves overall performance in fire detection
and management.

The system begins with sensor node initialization, where multiple sensors such as temperature, humidity, smoke, and flame
sensors are deployed across the forest area. These sensors continuously monitor environmental conditions and detect any
abnormal variations that may indicate fire risk. The collected data is transmitted to the microcontroller, which serves as the
central processing unit of the system. The microcontroller processes the incoming data and performs initial analysis by
comparing sensor values with predefined threshold limits. This ensures early identification of potential fire hazards while
maintaining continuous monitoring of the environment.

In the data acquisition and processing stage, the microcontroller collects real-time data from all connected sensors and analyzes
it to determine environmental conditions. The system performs threshold comparison to identify abnormal situations such as
high temperature, presence of smoke, or flame detection. If the sensor values exceed predefined safety limits, the system
classifies it as a fire hazard; otherwise, it continues normal monitoring. This stage ensures quick and accurate decision-making,
enabling the system to respond immediately to potential fire incidents. It also helps in minimizing false detections by
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continuously validating sensor data. Additionally, this improves the reliability and efficiency of the overall fire detection
system.

Once a fire condition is detected, the system performs data packet formation, which includes sensor readings, node
identification, and location information. This data is transmitted using the LoRa communication module, which enables long-
range and low-power wireless communication. LoRa ensures reliable data transfer even in remote forest areas where
conventional communication networks are unavailable. The transmitted data is received by a central monitoring station or
gateway for further analysis. This communication process plays a vital role in ensuring timely delivery of critical information
for quick response. It also enhances system reliability by maintaining stable communication over long distances.
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The received data is processed at the central monitoring station or cloud platform, where it is stored, analyzed, and displayed
for real-time observation. Users can monitor environmental conditions through web or mobile-interfaces, enabling remote
supervision of forest areas. The system generates alerts through various methods such as SMS, email, or mobile notifications
when fire hazards are detected. This ensures that forest authorities are informed immediately and can take necessary actions
without delay. The integration of cloud technology enhances accessibility, data management, and overall system efficiency.

The system also supports real-time decision support and automation, reducing the dependency on manual intervention. Based
on the analyzed data, the system can automatically trigger predefined actions such as activating alarms and sending emergency
alerts to forest authorities. This rapid response capability minimizes the time between fire detection and action, which is crucial
in preventing the spread of forest fires. By providing accurate and timely information, the system improves monitoring
efficiency and ensures better protection of forest resources and wildlife.

V RESULTS AND DISCUSSION

The proposed loT-based Forest Fire Detection System was tested under different environmental conditions to evaluate its
performance in detecting fire hazards and ensuring safety. The system continuously monitored parameters such as temperature,
humidity, smoke, and flame presence using multiple sensors. When the sensor values exceeded predefined limits, the system
accurately detected fire conditions using threshold comparison and analysis. It immediately generated alerts through buzzer
alarms and notification systems to inform authorities. The results show that the system provides fast and reliable detection with
improved accuracy and reduced false alarms. The use of LoRa communication enabled stable long-range data transmission
even in remote forest areas. Overall, the system demonstrates high efficiency, quick response time, and effective performance
in early fire detection and forest safety management.

The performance of the system under different conditions is summarized in Table 1.
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Table 1: System Performance Analysis

S.No Parameter Normal Range Observed System Result
' Monitored Condition Response
] Early fire risk
1 Temperature 20°C - 40°C Above 50° C 'mg‘fg‘tate identification
; Dry condition detected
- Warning
04 - 0, 0,
2 Humidity 40% - 70% Below 30% Generated
Above 200 Alert Smoke detected
3 Smoke Level 0 —100 ppm ppm Generated
Fire Identified
Flame Detection :
4 No flame Flame Detected Immediate
Alarm
5 Communication Stable Data Transmitted Real-time Reliable
(LoRa) transmission Successfully update Communication
System Response )
6 Time < 3sec Immediate A’ubfor_natlc Fast Response
ction

From the above observations, it is evident that the proposed forest fire detection system performs effectively in identifying
hazardous environmental conditions and responding in real time. The integration of multiple sensors enables continuous
monitoring of temperature, humidity, smoke, and flame presence in forest areas. The system accurately detects abnormal
conditions when the values exceed predefined limits and immediately generates alerts through alarms and notifications. The
use of LoRa communication ensures reliable long-range data transmission, even in remote regions with limited infrastructure.
Overall, the system demonstrates high reliability, quick response time, and efficient performance in ensuring early fire detection
and prevention.

VI CONCLUSION

The proposed loT-based forest fire detection system using LoRa technology provides an efficient and reliable solution for
monitoring forest environments. The system continuously monitors critical parameters such as temperature, humidity, smoke
levels, and flame presence using multiple sensors. By utilizing ESP32 and LoRa communication, the collected data is
transmitted effectively over long distances with low power consumption, making it suitable for deployment in remote forest
regions. This real-time monitoring enables early detection of fire hazards and helps reduce environmental damage.

The integration of IoT with Artificial Intelligence enhances the system’s capability to make accurate and intelligent decisions.
Sensor data is analyzed using predefined threshold values along with predictive models to identify fire-prone conditions and
minimize false alarms. The system responds quickly to hazardous situations by activating alarms and sending real-time alerts
to authorities. Additionally, GPS integration improves location tracking, enabling faster emergency response and efficient fire
management.

Overall, the system demonstrates high performance, reliability, and cost-effectiveness. The use of low-power components and
long-range communication makes it suitable for large-scale deployment in forest areas. The system not only ensures early fire
detection and alerting but also supports data analysis for future improvements. It can be further enhanced by integrating
advanced Al techniques and predictive analytics, making it a strong solution for forest fire prevention and disaster management.

REFERENCES

[1] Y. Zhang, H. Liu, and X. Wang, “loT-based forest fire monitoring system using wireless sensor networks,” Int. J.
Environmental Monitoring, vol. 12, no. 3, pp. 145-152, 2024.

[2] M. Rahman, T. Islam, and R. Karim, “LoRa-based long-range forest fire detection system,” IEEE Internet of Things Journal,
vol. 11, no. 2, pp. 890-898, 2025.

IJCRT26A3114 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | j252



http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

[3] S. Patel, K. Sharma, and A. Verma, “Multi-sensor 10T framework for early forest fire detection,” Int. J. Smart Sensor
Systems, vol. 9, no. 4, pp. 210-218, 2024.

[4] L. Chen, Q. Zhao, and M. Li, “Al-based forest fire prediction using environmental data,” IEEE Access, vol. 13, pp. 10234—
10245, 2025.

[5] D. Garcia, P. Martinez, and R. Lopez, “Real-time GPS-enabled fire detection system,” Int. J. Disaster Management
Technology, vol. 8, no. 1, pp. 55-63, 2024.

[6] R. Kumar and S. Singh, “Wireless sensor networks for forest fire detection applications,” IEEE Trans. Industry
Applications, vol. 60, no. 2, pp. 1200-1208, 2024.

[7]1 A. Verma and P. Gupta, “Low-power LoRa-based environmental monitoring system for remote areas,” Procedia Computer
Science, vol. 210, pp. 300-307, 2023.

[8]J. Li, Y. Wang, and H. Zhang, “Machine learning-based fire risk prediction in forest environments,” Safety Science, vol.
170, pp. 106500, 2024.

[9] S. Mehta and D. Patel, “loT-based smart forest monitoring system using cloud computing,” Int. J. Engineering Research
and Technology, vol. 12, no. 5, pp. 789795, 2023.

[10] K. Anand and V. Krishnan, “Al-driven environmental monitoring for disaster management applications,” IEEE Internet
of Things Journal, vol. 11, no. 6, pp. 5000-5008, 2024.

[11]S. Verma, A. Kumar, and R. Singh, “IoT-based fire detection and alert system for environmental safety,” 2024.

[12] H. Singh, J. Kaur, and M. Sharma, “Wireless sensor network for forest fire monitoring,” 2024.

[13] K. Rajalakshmi and S. Natarajan, “LoRa-based environmental monitoring system for smart forest applications,” 2024.

IJCRT26A3114 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | j253


http://www.ijcrt.org/

