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ABSTRACT 

Wildfires pose a significant threat to forests, wildlife, and human settlements, necessitating the development of 

efficient and reliable fire detection systems. Traditional fire monitoring methods, such as manual surveillance 

and satellite imaging, often suffer from delayed response times and limited coverage in remote areas. To 

address these challenges, this study presents an IoT-based Forest Fire Alarm System designed to detect and 

alert authorities in real time. The system utilises temperature and smoke sensors, a NodeMCU ESP8266 

microcontroller, and a GSM/GPRS module to monitor environmental conditions and transmit alerts upon 

detecting fire events. Prototype testing demonstrated high responsiveness and accuracy, with alerts being 

triggered within seconds of reaching predefined threshold values. The system’s low cost, energy efficiency, and 

ability to function in areas with poor network connectivity make it a practical solution for wildfire prevention. 

Despite its effectiveness, the system has certain limitations, including sensor range constraints, susceptibility to 

false alarms, and dependency on external power sources. Future improvements could integrate AI and Machine 

Learning for fire prediction, LoRaWAN or satellite communication for enhanced data transmission, and solar-

powered sensors for sustainable operation. Expanding the system’s applications to urban fire detection could 

further enhance its impact. The findings of this study highlight the potential of IoT-based fire detection 

technologies in mitigating wildfire disasters. Implementing such systems in fire-prone regions could 

significantly improve early warning capabilities, facilitating timely interventions and reducing environmental 

damage. 

Keywords: Iot-Based Fire Detection, Forest Fire Monitoring, GSM/GPRS Communication, Real-Time Alert 

System, Wireless Sensor Networks, Temperature And Smoke Sensors. 

I.  INTRODUCTION  

Background 

Forest fires pose a significant threat to the environment, wildlife, and human settlements, often resulting in 

extensive ecological and economic damage. These fires can spread rapidly, consuming vast areas of forest and 

leading to the loss of biodiversity, destruction of natural habitats, and severe air pollution. The unpredictability 

and intensity of such incidents necessitate an effective and reliable detection mechanism to mitigate their 

impact. 

Traditional fire detection methods rely heavily on manual surveillance, which is labour-intensive, time-

consuming, and often ineffective in vast and remote forested regions. While satellite-based monitoring systems 

provide a broader scope of detection, they are often limited by delayed data transmission and reliance on 

cloud-free conditions, reducing their effectiveness in real-time fire prevention efforts. The inability to detect 

and respond to fires promptly has been a critical factor in the widespread destruction caused by uncontrolled 

wildfires. 

Problem Statement 

One of the primary challenges in wildfire management is the lack of an efficient early detection system, 

particularly in remote forest areas where communication infrastructure is limited. Existing fire monitoring 

approaches often fail to provide real-time alerts, resulting in delayed response times and an increased 

likelihood of large-scale fire outbreaks. Without an immediate warning system, fire containment efforts become 

significantly more challenging, leading to substantial environmental and economic losses. 
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To address this issue, there is a growing need for an affordable, efficient, and automated fire detection system 

that can operate independently in remote regions. A system capable of monitoring fire conditions continuously 

and transmitting alerts with minimal latency would greatly enhance wildfire management efforts. By improving 

detection speed and response time, such a system could help mitigate the devastating consequences of 

uncontrolled forest fires. 

Proposed Solution 

To overcome these challenges, this project presents an IoT-based Forest Fire Alarm System designed to detect 

fires and provide real-time alerts to firefighting authorities. The system utilises a combination of temperature 

and smoke sensors to identify fire conditions, while a NodeMCU (ESP8266) microcontroller processes the 

collected data and transmits emergency alerts. Given the limited network bandwidth in forested regions, a 

GSM/GPRS module is integrated into the system to ensure reliable communication with authorities. The use of 

2G networks allows the system to function effectively even in areas with weak or no internet connectivity, 

making it a cost-effective and practical solution for early wildfire detection. 

By implementing this IoT-based approach, the proposed system aims to significantly reduce response times in 

wildfire emergencies, thereby minimising damage and improving forest fire management strategies. This 

research focuses on detailing the system's design, functionality, and potential impact in addressing the critical 

issue of early fire detection in remote forest areas.  

II. METHODOLOGY 

2.1 System Architecture 

The proposed IoT-based Forest Fire Alarm System is designed using a combination of hardware and software 

components that work together to detect fire conditions and transmit real-time alerts to authorities.  

 

Figure 1 System Architecture 

The system is built around a NodeMCU ESP8266 microcontroller, which acts as the central processing unit, 

interfacing with various sensors and communication modules to ensure efficient fire detection and alert 

transmission. 

Hardware Components 

1) NodeMCU ESP8266 Microcontroller 

o The ESP8266-based NodeMCU is selected due to its low power consumption, compact size, and built-in Wi-

Fi capabilities. 

o It processes the input from fire detection sensors and triggers the alert mechanism when fire conditions 

are detected. 

2) Temperature and Smoke Sensors 

o The system integrates temperature and smoke sensors to monitor environmental conditions in forested 

areas. 
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o These sensors continuously measure heat and particulate matter levels, detecting potential fire outbreaks. 

3) GSM/GPRS Module 

o The GSM (Global System for Mobile Communications) module enables real-time communication by 

transmitting alerts via SMS or GPRS data packets. 

o The use of 2G communication ensures connectivity in remote forest areas where Wi-Fi or mobile data 

coverage may be unavailable. 

Table 1: Hardware Components of the IoT-Based Forest Fire Alarm System 

Component Description & Function 

NodeMCU ESP8266 
Microcontroller for processing sensor data and transmitting 

alerts. 

Temperature Sensor (e.g., 

DHT11/LM35) 

Measures ambient temperature and detects significant 

increases indicating fire. 

Smoke Sensor (e.g., MQ-2/MQ-135) 
Detects smoke particles and hazardous gases associated with 

combustion. 

GSM/GPRS Module (SIM800L) 
Sends SMS alerts or cloud notifications to firefighting 

authorities. 

Power Supply (Battery/Solar Panel) 
Provides necessary power for system operation, ensuring 

uninterrupted functionality. 

Software Implementation 

1) Programming and Microcontroller Operation 

o The system is programmed using the Arduino IDE, a widely used platform for microcontroller 

development. 

o The firmware is written in C/C++, enabling the NodeMCU to interact with sensors, process data, and 

communicate with external servers. 

2) Data Transmission via IoT Servers 

o Sensor data is transmitted to a cloud-based IoT platform, allowing remote monitoring of fire conditions. 

o The cloud infrastructure enables authorities to access real-time updates and take necessary action 

promptly. 

2.2 Fire Detection Mechanism 

The fire detection process relies on continuous monitoring of environmental parameters through temperature 

and smoke sensors. These sensors are calibrated to detect sudden increases in temperature and air pollution 

levels, which are indicative of fire outbreaks. 

Table 2: Fire Detection Thresholds 

Parameter Threshold Value Alert Triggered 

Temperature > 50°C Yes (Fire Detected) 

Smoke Density (PPM) > 300 PPM Yes (Fire Detected) 

Combined Reading Elevated temperature & smoke Immediate Alert 

1) Sensor-Based Fire Detection 

o The temperature sensor detects heat levels exceeding a predefined threshold. 

o The smoke sensor identifies an increase in particulate matter concentration. 

o If both sensors simultaneously register abnormal values, the system classifies the event as a potential fire. 

2) Data Processing and Alert Triggering 

o The NodeMCU microcontroller receives the sensor data, processes it, and determines whether fire 

conditions exist. 
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o If the detected values surpass the critical threshold, the system activates the GSM module to send an alert. 

3) Communication Flow 

o The system follows a structured communication process: 

Sensor → Microcontroller (NodeMCU) → Cloud Server → Firefighting Authority. 

o This ensures real-time information relay and minimises response time. 

 

Figure 2 DFD Level 3 Decomposition of the IoT-Based Forest Fire Detection System 

2.3 Alert System & Communication 

Timely communication is critical in fire emergencies, and the proposed system incorporates a GSM-based alert 

mechanism to notify relevant authorities. The alert system is designed to function in areas with limited or no 

internet connectivity, making it highly suitable for forest environments. 

1) GSM/GPRS-Based Alert Transmission 

o When fire conditions are detected, the GSM module sends an SMS alert to pre-configured phone numbers of 

firefighting agencies. 

o If internet connectivity is available, the system can transmit data via GPRS to cloud-based monitoring 

platforms. 

2) Real-Time Monitoring through IoT Dashboards 

o The system is capable of integrating with IoT dashboards, providing visual representation of sensor data. 
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o Fire response teams can monitor temperature trends, smoke levels, and real-time alerts from remote 

locations. 

 

Figure 3 Use Case Diagram 

By combining sensor-based fire detection, microcontroller processing, and GSM communication, the IoT-based 

system ensures reliable early warning notifications for forest fire management. The next sections will discuss 

the implementation and evaluation of this system 

III. RESULTS AND DISCUSSION 

3.1 Prototype Testing & Performance Evaluation 

To assess the effectiveness of the IoT-based Forest Fire Alarm System, a prototype was developed and tested 

under controlled conditions. The system was evaluated based on its response time, accuracy, and reliability in 

detecting fire incidents and transmitting alerts in real time. 

Prototype Deployment and Testing Process 

 The prototype was set up in a simulated environment to replicate wildfire conditions. 

 Temperature and smoke sensors were exposed to controlled increases in heat and smoke levels to test 

their responsiveness. 

 The NodeMCU microcontroller processed the sensor data, activating the GSM module upon detecting fire 

conditions. 

Evaluation of Response Time and Accuracy 

 The system demonstrated rapid detection capabilities, triggering alerts within a few seconds of reaching 

the threshold values. 
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 The accuracy of fire detection was evaluated by varying the intensity of temperature and smoke exposure, 

ensuring the system could differentiate between minor fluctuations and actual fire threats. 

 Testing showed that the system successfully transmitted real-time alerts via SMS or cloud-based platforms, 

confirming its effectiveness in immediate fire reporting. 

Case Studies and Sample Scenarios 

 Scenario 1: A controlled fire source was introduced near the sensor setup. The system detected the 

temperature rise and smoke presence, sending an instant alert to the designated firefighting contact. 

 Scenario 2: A test was conducted in an open environment with moderate wind conditions, demonstrating 

that the system could still detect fire events despite external airflow variations. 

 Scenario 3: The system was tested in an area with weak network signals, and the GSM module successfully 

transmitted alerts, confirming its capability to operate in remote locations. 

Table 3: System Performance Evaluation 

Test Scenario 
Response Time 

(Seconds) 

Detection Accuracy 

(%) 

Alert Transmission Time 

(Seconds) 

Small-Scale Fire 5-8 sec 95% 3-5 sec 

Moderate Fire 4-7 sec 98% 3-4 sec 

Large Fire 3-6 sec 99% 2-3 sec 

False Alarm 

Scenario 
- 90% (low false alarms) - 

Overall, prototype testing established that the system provides fast, reliable, and accurate fire detection, 

making it a suitable solution for wildfire prevention. 

3.2 Strengths of the System 

The IoT-based Forest Fire Alarm System offers several key advantages, making it an efficient and practical tool 

for early wildfire detection. 

1) Early Fire Detection with Minimal Human Intervention 

o The system automates fire detection, eliminating the need for manual surveillance and ensuring rapid 

response to fire incidents. 

o It continuously monitors environmental conditions, providing real-time alerts to authorities without 

requiring constant human supervision. 

2) Low-Cost and Energy-Efficient Solution 

o The system is cost-effective, utilising affordable hardware components such as NodeMCU, sensors, and a 

GSM module. 

o It operates on low power consumption, making it feasible for long-term deployment in forested regions. 

3) Effective in Remote Forest Areas with Poor Network Coverage 

o The GSM/GPRS module enables alert transmission via SMS, ensuring reliable communication even in areas 

with limited internet access. 

o Unlike satellite-based systems that rely on cloud-free conditions, this system provides uninterrupted 

operation, improving fire monitoring efforts in challenging terrains. 

3.3 Limitations and Challenges 

Despite its strengths, the system has certain limitations that must be addressed to enhance its reliability and 

effectiveness. 

1) Sensor Range Constraints 

o The detection radius of temperature and smoke sensors is limited, restricting coverage to a localised area. 

o To improve efficiency, multiple sensor nodes may be required to monitor larger forest regions. 
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2) Potential False Alarms Due to Environmental Factors 

o Sudden changes in temperature or air quality (e.g., strong winds, fog, or controlled burns) may trigger false 

alarms. 

o The system may require adaptive threshold settings to differentiate between actual fires and 

environmental variations. 

3) Power Dependency and Need for Sustainable Energy Sources 

o The system requires a continuous power supply, which can be challenging in remote forest locations. 

o Integrating solar panels or other renewable energy sources could enhance the system’s autonomy and 

ensure uninterrupted operation. 

While these challenges present areas for improvement, the overall performance of the IoT-based Forest Fire 

Alarm System demonstrates its potential as an efficient early warning solution. Future enhancements, such as 

expanding sensor coverage and optimising power efficiency, could further improve its functionality and 

reliability in wildfire detection. 

IV. FUTURE ENHANCEMENTS & RECOMMENDATIONS  

To further improve the IoT-based Forest Fire Alarm System, several technological advancements and strategic 

modifications can be implemented. These enhancements aim to increase detection accuracy, optimise power 

efficiency, and improve communication reliability, ensuring the system remains effective in diverse 

environments. 

Integration of AI & Machine Learning for Better Fire Prediction 

 Implementing Artificial Intelligence (AI) and Machine Learning (ML) algorithms can significantly enhance 

the system’s fire prediction capabilities. 

 By analysing historical sensor data and environmental patterns, ML models can predict fire risks before 

they escalate into full-scale incidents. 

 AI-driven models can also help in reducing false alarms by differentiating between actual fires and 

environmental variations such as fog, dust, or controlled burns. 

Use of LoRaWAN or Satellite Communication for Improved Data Transmission 

 Long Range Wide Area Network (LoRaWAN) technology can be incorporated to provide long-distance, low-

power wireless communication. 

 LoRaWAN allows sensor nodes to transmit data over several kilometres, making it ideal for large-scale 

forest monitoring. 

 Satellite communication can serve as a backup for remote forest regions with no GSM connectivity, 

ensuring uninterrupted alert transmission to authorities. 

Incorporation of Solar-Powered Sensors for Enhanced Sustainability 

 The current system relies on a continuous power supply, which may be challenging in isolated forest areas. 

 Integrating solar-powered sensors and microcontrollers can enable the system to operate autonomously 

for extended periods. 

 Solar power not only enhances energy efficiency but also reduces maintenance costs by eliminating the 

need for frequent battery replacements. 

Expansion to Urban Fire Detection Applications 

 While the current system is designed for wildfire detection, its architecture can be adapted for urban fire 

monitoring in high-risk areas such as: 

o Industrial zones with flammable materials 

o Residential buildings prone to electrical fires 

o Public infrastructure, including warehouses and transportation hubs 

 By modifying sensor calibration and alert mechanisms, the system can be repurposed for multi-

environment fire detection, extending its application scope beyond forests. 
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By integrating AI-driven analytics, advanced communication technologies, and renewable energy solutions, the 

IoT-based fire detection system can evolve into a more resilient and scalable solution. Future research should 

focus on real-world deployment challenges and the development of an intelligent, self-learning fire monitoring 

network 

V. CONCLUSION 

The IoT-based Forest Fire Alarm System presents an innovative solution for early wildfire detection, leveraging 

temperature and smoke sensors, NodeMCU ESP8266, and GSM/GPRS communication to provide real-time fire 

alerts. Through prototype testing, the system demonstrated fast response times, reliable performance, and 

cost-effectiveness, making it a viable alternative to traditional fire detection methods. One of the system’s 

primary strengths is its ability to operate autonomously with minimal human intervention, ensuring 

continuous environmental monitoring. Additionally, its low-cost hardware and energy-efficient operation make 

it a practical solution for large-scale deployment. Most importantly, the use of GSM-based alert transmission 

enables fire detection even in remote forest regions where network connectivity is often limited. 

Despite these advantages, the system faces certain challenges, such as limited sensor range, potential false 

alarms, and dependency on a stable power source. To overcome these limitations, future enhancements could 

incorporate AI and Machine Learning for intelligent fire prediction, LoRaWAN or satellite communication for 

improved data transmission, and solar-powered sensors for enhanced sustainability. 

Given the increasing frequency and severity of wildfires worldwide, deploying IoT-driven fire detection 

systems in high-risk regions is crucial for minimising environmental damage, protecting wildlife, and 

safeguarding human settlements. Future research should focus on scaling up the system for larger coverage 

areas, improving sensor accuracy, and integrating advanced communication technologies to develop a 

comprehensive, real-time wildfire monitoring network. By advancing this technology, the system has the 

potential to revolutionise fire detection efforts, contributing to effective disaster management and 

environmental conservation.   
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