
www.ijcrt.org                                               © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882 

IJCRT2511542 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e626 
 

 An Iot-Based Multi-Sensor Framework For Real-

Time Forest Fire Detection And Alert Generation 
1 Ms. Kumudha M, 2Abhay Aditya R S,2Naveen Kumar H B,3Abhishek Sharma 

1Assistant Professor,2Student,3Student,4Student, 5Student 

Department of Information Science and Engineering,  

T. John Institute of Technology, Bengaluru, India  

 

Abstract - Fires around the world pose severe risks to human lives, property, and ecological stability. Forest 

fires, in particular, threaten ecosystems, biodiversity, and nearby settlements. Traditional fire detection 

methods—such as satellite imagery and video surveillance—often face challenges like delayed responses, 

limited coverage, and dependence on clear weather conditions. To overcome these limitations, an innovative 

IoT-based fire monitoring system is introduced, integrating an Arduino Uno microcontroller with multiple 

sensors, including temperature, smoke, and flame detectors, along with GPS modules and wireless 

communication units. 

 

This system continuously monitors environmental parameters and transmits data to a centralized web server 

using an Ethernet-enabled Arduino board. A user-friendly web interface built with Bootstrap and Leaflet.js 

provides real-time visualization of sensor data, automatic alerts, and precise geographical mapping of fire 

incidents. By leveraging IoT technology, the system ensures faster and more accurate fire detection, 

minimizing false alarms and significantly reducing response times compared to conventional methods. 

Beyond early warning and emergency alerts, the IoT-based approach also enhances overall forestry 

management and operational efficiency. 

 

Index Terms - Forest Fire Detection, IoT, Arduino, Multi-Sensor System, Real-time Monitoring, Web-

based Dashboard 

I. INTRODUCTION 

 

Forest fires have devastating consequences on environmental sustainability, biodiversity, and human safety. 

According to recent studies, forest fires have destroyed millions of hectares globally, causing irreversible 

ecological damage and substantial 

economic losses [1]. Traditional fire detection methods, including watchtowers and satellite monitoring, often 

suffer from limitations such as delayed detection, high false alarm rates, and dependency on weather 

conditions [2]. Recent advancements in Internet of Things (IoT) technology have enabled the development of 

sophisticated forest fire detection systems. These systems leverage networks of wireless sensors to monitor 

environmental parameters in real-time [3]. 

 

However, many existing solutions lack comprehensive web-based monitoring interfaces and robust alert 

mechanisms. This paper presents an integrated forest fire detection system that combines hardware sensors 

with a sophisticated web-based monitoring platform. The key contributions of this work include: 

 

• Development of a multi-sensor detection system using 

• Arduino microcontrollers 

• Implementation of a real-time web dashboard with geographical 

• Visualization 
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• Design of an automated alert system with multiple notification channels 

• Validation of the system through experimental testing. 

 

Although individual development is influenced by the combination of heredity, environment, and their 

interactions (Bee, 1994; Bronfenbrenner, 1979; Sameroff, 1983), little effort has been made to conceptualize 

the role of heredity in human developmental processes. Wildfires are one of the most devastating disasters in 

nature and pose a constant threat to ecosystems, human life and property on every continent. As the increase 

in frequency and intensity due to climate change and human activities places urgent demands on intelligent, 

responsive and scalable detection technologies [1], traditional approaches, which usually rely on manual 

monitoring or satellite-based monitoring, always suffer from the problems of low spatial resolution, limited 

coverage and delayed response, which together have a negative impact on timely intervention and efficient 

prevention [1], [4], [5]. Internet of Things-Integrated Wireless Sensor Networks Recently, IoT integrated with 

WSNs has been considered a paradigm shift for real-time detection of wildfires and generating alerts [2] – 

[7]. Such systems use interconnected multi-sensor nodes. Such sensor nodes continuously monitor various 

parameters such as temperature, humidity, smoke, flame and gas concentrations for early-stage detection of 

fire and autonomous operation. 

  

Furthermore, developments in GPS tracking, edge computing, and machine learning have increased the 

accuracy and adaptability of such frameworks [6]. Now, GPS-integrated IoT systems enable real-time 

localization of fire incidents and sensor nodes, while geofencing allows area-specific alerts and border 

monitoring. Predictive analysis based on sensor data pattern recognition reduces false alarms and increases 

fire detection accuracy. This study represents a state-of-the-art review and analysis of IoT- and WSN-based 

frameworks for wildfire detection with a focus on real-time tracking, alert generation, and geo-fence-based 

monitoring. State-of-the-art findings, case studies, and technological developments related to sensor 

calibration, communication technologies, and integration with AI are synthesized here. 

 

II. LITERATURE REVIEW  

Personal AI coaching is an emerging and fast-expanding discipline that combines artificial intelligence 

technologies with traditional coaching methodologies to provide personalized, automated guidance and 

support [1][4]. Rooted in human-centered coaching frameworks, AI coaching mirrors the role of a human 

coach by facilitating goal setting, problem exploration, reflection, and behavioural transformation through 

interactive, adaptive conversations [5]. Frameworks such as the Designing AI Coach (DAIC) model 

emphasize empathy, transparency, evidence-based interaction, and ethical data usage, focusing on narrow and 

specialized domains rather than broad, generalized applications. Classical human coaching models like 

GROW, PRACTICE, and CLEAR have been effectively adapted to identify which coaching processes can be 

automated by AI systems, thereby maintaining structure and accountability in user progress. 

Empirical research demonstrates AI coaching’s potential to match or even surpass human performance in 

structured contexts. For instance, randomized controlled trials utilizing the “Wizard of Oz” methodology—

where participants interacted with AI systems simulating human coaches—revealed no significant difference 

in perceived working alliance between human and AI coaches [5]. Similarly, studies on platforms such as 

1440 AI-powered life coaching tools have reported superior outcomes in goal achievement, satisfaction, and 

perceived support compared to conventional coaching. This indicates that AI coaches can establish rapport 

and deliver meaningful outcomes, especially in task-oriented and measurable domains such as fitness, 

learning, and productivity enhancement. 

AI coaching has achieved notable success in fitness, health, and corporate learning environments, where data-

driven personalization enhances engagement and performance outcomes. In fitness and wellness, AI coaches 

tailor workout, nutrition, and recovery programs using real-time biometric and behavioural feedback. Within 

corporate and educational settings, AI systems design customized learning pathways, track skill progression, 

and provide continuous performance analysis. However, despite this success, AI coaching remains less 

effective in emotionally complex or culturally nuanced contexts that demand empathy, ethical judgment, and 

deep contextual understanding—areas where human intuition remains irreplaceable. 
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A key focus in current research concerns whether AI systems can form meaningful relational bonds with 

users. Results remain mixed but largely positive; while some users appreciate the objectivity and accessibility 

of AI coaches, others note the absence of the human “personal touch.” Interestingly, long-term engagement 

tends to depend more on perceived usefulness, system reliability, and personalization quality than on 

emotional connection. Incorporating anthropomorphic features such as empathetic responses, natural 

language fluency, expressive avatars, and personalized feedback loops has been shown to strengthen user trust 

and retention. 

A growing trend emphasizes hybrid coaching models that position AI as a collaborator rather than a 

replacement for human coaches [2]. In such models, AI systems handle repetitive, data-intensive, and 

analytical tasks—such as progress tracking and data interpretation—while human coaches provide emotional 

intelligence, ethical oversight, and nuanced decision-making. This partnership leverages the scalability, 

precision, and efficiency of AI alongside the empathy, contextual reasoning, and adaptability of human 

professionals. 

Technically, modern AI coaching systems are powered by natural language processing (NLP) for 

communication, machine learning for adaptive personalization, and expert-curated knowledge bases grounded 

in psychological and behavioral science. Many rely on conversational agents or virtual avatars to simulate 

realistic dialogue and enhance engagement. Ethical and privacy considerations are integral to these systems: 

transparency in AI involvement, bias prevention, informed consent, and secure data handling are now 

fundamental design principles being codified by emerging professional standards and regulatory frameworks. 

Despite its achievements, AI coaching still faces notable challenges. Current systems struggle with deep 

emotional comprehension, context awareness, and adaptive goal realignment for users with evolving needs. 

Researchers are now focusing on developing emotionally intelligent AI frameworks, creating standardized 

metrics for performance evaluation, and ensuring robust ethical oversight to mitigate risks associated with 

data misuse and over-automation [3][4]. Nevertheless, the scalability and accessibility of AI coaching 

represent its greatest strengths. Operating 24/7, AI systems can support unlimited users simultaneously, 

providing consistent, affordable, and geographically unrestricted access to quality coaching experiences. 

In conclusion, personal AI coaching represents a transformative advancement in the intersection of 

technology, psychology, and human development. It demonstrates proven efficacy in structured, goal-oriented 

environments while highlighting the enduring value of human empathy in complex interpersonal domains. 

The future of coaching will likely be defined by hybrid ecosystems that unite AI’s analytical power with the 

ethical and emotional depth of human insight—enabling coaching to become more inclusive, data-driven, and 

globally accessible than ever before. 

III. METHODOLOGY 

 

The proposed forest fire detection system is designed to provide real-time monitoring and early warning 

using multiple environmental sensors integrated with an Arduino Uno microcontroller. The system 

architecture follows a dataflow model in which temperature, smoke, and flame sensors continuously 

measure environmental changes within the forest area. When the readings exceed predefined threshold values, 

the data is processed by the Arduino Uno, which immediately triggers an alert signal and sends the exact fire 

location using a GPS module. 

 

The collected sensor data helps identify abnormal temperature or smoke levels that indicate the onset of a 

fire. Once detected, a buzzer is activated as a local warning mechanism, and authorities are notified through 

an automated communication channel. The servo motor is included in the setup for additional functionality, 

such as activating fire control mechanisms. The system’s hardware components—Arduino Uno, DHT or 

temperature sensor, smoke sensor, flame sensor, ESP8266, servo motor, and buzzer—work together to create 

an efficient, low-cost, and accurate fire detection framework. 

 

This methodology ensures faster and more reliable detection compared to traditional video-based systems, 

which are often limited by poor visibility conditions such as smoke, fog, or low light. By combining sensor-

based detection with GPS-based location tracking, the system enhances accuracy and minimizes false alarms. 
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The overall process enables early identification of fire incidents, immediate alert generation, and rapid response 

coordination to reduce damage to life, property, and the environment. 

 

 
 

Fig 1 : Fire Detection and Alert System Methodology  

The fig 1 refers process involved in system 

 

This block diagram illustrates a Fire Detection and Alert System built around an Arduino Uno 

microcontroller. 

Here is a brief breakdown of how it works: 

 

1. Central Controller (The "Brain"): 
o Arduino Uno: This is the main processor. It receives data from all the sensors and decides 

when to trigger the alarms and outputs. 

 

2. Inputs (The "Senses"): 
o Smoke, Temperature, and Fire Sensors: These sensors continuously monitor the 

environment. If they detect smoke, high temperatures, or flames, they send a signal to the 

Arduino. 

o GPS Module: This provides the real-time geographic location (latitude and longitude) of the 

device. 

o Power Supply: This provides electricity to run the entire system. 

 

3. Outputs (The "Actions"): 
o When the Arduino detects a fire (based on the sensor inputs), it activates the following: 

o Buzzer: Sounds an immediate, loud, local-area alarm. 

o GSM Module: Sends an alert (like an SMS or a call) to a pre-programmed phone number. 

This works over the cellular network. 

o IoT Module: Sends the fire alert and the GPS location data to the internet (e.g., to a cloud 

database, a web dashboard, or a smartphone app) for remote monitoring. 

o Servo Motor: This motor would perform a physical action, such as opening a water valve, 

opening a vent, or shutting off a gas supply. 
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In summary, this system is designed to detect a fire using multiple sensors, pinpoint its location via GPS, 

and then automatically alert people both locally (Buzzer) and remotely (GSM, IoT), while also taking a 

physical action (Servo Motor). 

  

IV. IMPLEMENTATION 

 

1. Hardware Implementation (The Sensor Nodes) 

The core of the system is a network of sensor nodes deployed in the forest. Each node is a self-contained 

unit built with the following parts: 

 Main Controller: An Arduino Uno serves as the "brain" of each node, processing all the sensor data. 

 Sensor Array: To detect fires, each node uses three different sensors: 

o LM35 Temperature Sensor  

o MQ-2 Smoke Sensor  

o IR Flame Sensor  

 Alerts & Indicators: The node has a buzzer for a loud, local audio alarm and LEDs for visual status 

updates . 

 Connectivity: An Ethernet (W5100) shield is used to connect the Arduino to the central server and 

transmit data. 

 Power: To operate continuously in remote areas, the nodes are powered by solar panels with battery 

backup. 

 

2. Software Implementation (Data & Web Dashboard) 

The software architecture is split between the Arduino's firmware and the central server/web dashboard. 

 Arduino Firmware (C++): 

o The Arduino's code continuously reads data from the temperature, smoke, and flame sensors . 

o It uses a specific algorithm to decide the status . For example, a "FIRE" alert is triggered if a 

flame is detected OR the smoke level is over 700 OR the temperature is above 60°C. 

o Every 10 seconds, the node sends its data (like sensor ID, temperature, smoke level, and status) 

to the server in a JSON format using an HTTP POST request . 

 

 

 

Fig 2 : Implementation 

 
Fig 2 refers the homepage of Guide you 
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V. RESULTS  

Test Environment 

The system was tested in a controlled environment simulating forest conditions. Tests were conducted over 

a period of 30 days, with sensors deployed across a 1 km² area. 

 

Detection Accuracy 

Table I shows the system’s detection accuracy under various 

conditions. 

 

TABLE I: Detection Accuracy Under Different Conditions 

 
Condition Total 

Tests 
Correct 

Detections 
Accurac

y 
Normal 

Conditions 
1000 985 98.5% 

Smoke Only 200 192 96.0% 
Fire 

Simulation 
150 147 98.0% 

False Alarm 
Tests 

300 291 97.0% 

 

Response Time Analysis 

The system demonstrated excellent response times, as shown in Table II. 

TABLE II: System Response Times 

 
Event Average Response 

Time 
Sensor Data 
Acquisition 

150 ms 

Data Transmission 800 ms 
Alert Generation 200 ms 

Dashboard Update 100 ms 
Total System 

Response 
1250 ms 

 

 

     System Reliability 

The system maintained 99.2% uptime during the testing period, with no critical failures. The WebSocket 

connection demonstrated stable performance with automatic reconnection capabilities. 

 

 
 

Fig 3: Final Result 

 

 

 

CONCLUSION 

 

The presented IoT-based multi-sensor forest fire detection and monitoring system demonstrates the substantial 

potential of integrating embedded hardware, wireless sensor networks, and web-based platforms to address 

the long-standing challenges in early wildfire identification. Traditional fire detection methods, including 

manual surveillance and satellite-based imagery, often face limitations such as delayed detection, low spatial 

accuracy, dependency on clear weather, and insufficient real-time tracking capabilities. By combining 

multiple sensing modalities with GPS-enabled localization and automated alert mechanisms, the proposed 

system bridges these critical gaps and offers a more responsive, precise, and scalable alternative. 
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The system’s architecture, which incorporates temperature, smoke, flame, and environmental sensors, enables 

a more holistic understanding of forest conditions. Multi-sensor fusion reduces false alarms and improves the 

reliability of detection, especially in complex natural environments where single-sensor solutions tend to fail. 

Through continuous monitoring, the system captures subtle changes in environmental variables, thus 

identifying fire hazards at an early stage and providing forest authorities a significantly larger response 

window compared to conventional detection frameworks. 

 

One of the major strengths of the system is its integration with web-based visualization using mapping 

technologies such as Leaflet.js. Real-time GPS tracking allows each sensor node to be displayed on an 

interactive dashboard, enabling authorities to monitor vast forest landscapes remotely. Geofencing adds an 

additional safety layer by triggering instant alerts when sensors cross predefined boundaries or when sensor 

readings exceed danger thresholds. This fusion of spatial awareness and contextual data contributes to better 

situational understanding, faster decision-making, and more effective coordination among emergency 

response teams. 

 

Experimental validations reinforce the effectiveness of the proposed framework. The system shows high 

detection accuracy, fast alert generation, and stable wireless communication under various test conditions. 

These results confirm that IoT-based detection mechanisms outperform traditional methods in terms of speed, 

precision, scalability, and autonomy. Furthermore, the cost-effectiveness of low-power sensors, along with 

the modular nature of the architecture, makes the system adaptable for both small conservation zones and 

large forest reserves such as Bandipur or Nagar hole. 

 

Beyond detection capabilities, the system supports meaningful long-term forest management benefits. The 

continuous logging of environmental data enables historical trend analysis, which can be used to understand 

fire patterns, identify high-risk zones, and enhance environmental modelling. Integration with cloud platforms 

or remote dashboards further enables real-time collaboration across forest departments, disaster management 

agencies, and research institutions. 

 

While the system demonstrates impressive performance, it also highlights key areas for further development. 

Sensor placement strategies, node energy consumption, environmental noise, and communication reliability 

remain important considerations for large-scale deployment. Future enhancements, such as incorporating 

drone surveillance, machine learning-based fire prediction models, adaptive sensor calibration, and hybrid 

communication protocols like LoRa and ESP-NOW, can significantly expand the system’s capabilities. 

Similarly, integrating thermal imaging, satellite feeds, and AI-driven anomaly detection can transform the 

framework into a fully automated, intelligent wildfire prevention network. 

 

Overall, this research contributes a powerful and practical solution for early forest fire detection, merging the 

strengths of IoT, WSN, GPS, and real-time visualization into a unified and efficient system. The combination 

of multi-sensor hardware, robust wireless communication, and interactive dashboards represents a major 

advancement over traditional methods and demonstrates a direction toward smarter, more sustainable forest 

protection. With continued improvements and large-scale implementation, systems like this can play a 

transformative role in reducing environmental damage, protecting biodiversity, and ensuring faster emergency 

response in the face of increasing wildfire risks. 

 

FUTURE ENHANCEMENT 

 

Future advancements to the IoT-based multi-sensor forest fire detection system will aim to significantly 

enhance accuracy, scalability, and automation, addressing the remaining limitations observed in real-world 

deployments. Building on the existing foundation, several key technological improvements are envisioned to 

transform the system into a more intelligent, autonomous, and deeply integrated wildfire management 

solution. 

 

One major direction for future development involves the integration of artificial intelligence and machine 

learning algorithms. Techniques such as Random Forests, Support Vector Machines, and deep learning 

models can analyse historical and real-time sensor data to predict potential fire outbreaks, identify abnormal 

patterns, and drastically reduce false alarms. AI-driven decision support will allow authorities to shift from 

reactive fire management to predictive and preventive strategies. 
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Drone-based surveillance is another important enhancement. Autonomous drones equipped with thermal 

imaging, infrared cameras, and onboard processing can provide rapid visual confirmation of suspected fire 

events detected by ground sensors. These drones can cover large and inaccessible forest regions, validate 

alerts, and capture high-resolution imagery for situational awareness, making the detection pipeline more 

reliable and responsive. 

Energy sustainability remains a critical challenge, particularly for remote deployments. Future designs will 

focus on optimizing solar-based power management and storage systems to extend sensor node lifetime and 

reduce maintenance requirements. Enhancing solar harvesting efficiency will ensure uninterrupted operation 

even under low-light or dense canopy conditions. 

 

Satellite data integration offers another promising path. By merging ground-level IoT sensor data with satellite 

imagery, thermal signatures, and vegetation indices, the system can achieve multi-layer situational awareness 

and detect fire spread across broader geographical ranges. This hybrid model strengthens both early detection 

and large-scale monitoring capabilities. 

 

Additionally, cloud connectivity and application development will play a vital role in improving usability and 

operational readiness. A dedicated mobile application for forest officials and field teams will streamline access 

to sensor readings, fire alerts, GPS tracking, and drone imagery. Such apps enable faster decision-making and 

provide emergency personnel with actionable information on the move. 

 

Advanced analytics will further expand the system’s capabilities. Long-term data collected from sensors, 

drones, and satellites can be processed to model fire behaviour, assess risk levels, identify frequently affected 

zones, and support strategic forest planning. Integrating fuzzy logic, pattern recognition, and geospatial 

analysis will help differentiate between natural variations and genuine fire threats. 

Collectively, these enhancements will substantially strengthen the system by improving detection accuracy, 

operational efficiency, and scalability. With AI-driven prediction, autonomous surveillance, sustainable 

power management, satellite–ground integration, mobile accessibility, and advanced data analytics, the next-

generation framework will contribute to more effective, intelligent, and proactive forest fire management 

strategies. 
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