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Abstract 

Fire accidents pose a serious risk to human life, property, and infrastructure, requiring rapid detection and immediate response. 
This paper presents an IoT-based Fire Department Alerting System using an Arduino microcontroller, flame sensor, I2C LCD, 
buzzer, and NodeMCU Wi-Fi module. The flame sensor continuously monitors the environment, and upon detecting fire, the 
Arduino processes the data to activate a buzzer and display warning messages on the LCD. Simultaneously, the ESP8266 
NodeMCU connects to the internet to send real-time alerts via a mobile application, web interface, and SMS to authorities and 
responsible person. The system also integrates GPS-based location tracking, enabling the exact location of the incident to be 
shared instantly. This low-cost and automated solution is suitable for homes, industries, and public spaces, improving fire 
safety management by ensuring quick detection, real-time monitoring, and faster emergency response. 
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Introduction 

Fire accidents are a major cause of damage to life, property, 
and infrastructure, often due to delayed detection and slow 
emergency response. Conventional fire alarm systems 
provide only local alerts and rely on manual reporting, 
which increases the risk of severe damage. To overcome 
these limitations, an IoT-based Fire Department Alerting 
System is proposed. The system uses a flame sensor to 
continuously monitor the environment and detect fire at an 
early stage. An Arduino microcontroller processes the 
sensor data and activates a buzzer alarm while displaying 
warning messages on an I2C LCD. At the same time, the 
NodeMCU Wi-Fi module sends real-time alerts through 
mobile applications, web interfaces, and SMS notifications. 
The integration of GPS technology enables the system to 
transmit the exact location of the fire incident. This ensures 
faster response from emergency services. The system is 
cost-effective, automated, and suitable for residential, 
industrial, and commercial applications, significantly 
improving fire safety management. 
Fire safety has become a critical concern due to increasing 
urbanization, industrialization, and the widespread use of 
electrical and electronic devices. Traditional fire detection 
systems are limited in functionality as they mainly provide 
on-site alerts without remote communication capabilities. 
With the emergence of the Internet of Things (IoT), it has 
become possible to develop smart systems that can monitor 
environments in real time and communicate data over the 
internet. IoT integrates sensors, microcontrollers, and 
wireless communication technologies to create intelligent 
systems. In this project, components such as flame sensors, 
Arduino microcontrollers, NodeMCU Wi-Fi modules, and 
GPS systems are used to build a smart fire alerting system. 
This integration enhances the efficiency, reliability, and 
responsiveness of fire detection and emergency 
communication. 
Despite the availability of fire detection technologies, 
several limitations still exist in current systems. Most 
traditional fire alarm systems are confined to local alerting 

mechanisms and do not provide real-time communication 
with emergency services. Many existing solutions lack 
integration with IoT, making them incapable of remote 
monitoring and instant notification. Additionally, some 
advanced fire safety systems are expensive and complex, 
limiting their adoption in small-scale or low-budget 
environments. Another major gap is the absence of accurate 
location tracking, which delays emergency response. 
Therefore, there is a need for a comprehensive system that 
combines real-time fire detection, automated alerting, 
remote monitoring, and GPS-based location tracking in a 
cost-effective and user-friendly manner. 
The primary objective of this project is to design and 
implement an IoT-based fire detection and alerting system 
that enhances safety and reduces response time during fire 
emergencies. The system aims to detect fire at an early stage 
using a flame sensor and process the data using a 
microcontroller. It provides immediate local alerts through a 
buzzer and LCD display while simultaneously sending real-
time notifications via mobile applications, web platforms, 
and SMS. The integration of GPS technology allows 
accurate transmission of the fire incident location to 
emergency responders. The system is designed to be cost-
effective, reliable, scalable, and easy to deploy across 
various environments such as homes, industries, and public 
buildings, thereby improving overall fire safety 
management. 
 

Literature Survey 

Several researchers have proposed different fire detection 

and alert systems to improve safety and reduce the damage 

caused by fire accidents. Traditional fire detection systems 

mainly rely on smoke detectors and manual alarm 

mechanisms. These systems can detect fire but often lack 

real-time communication capabilities with emergency 

services. In recent years, the integration of sensor 

technologies and wireless communication has significantly 

improved fire monitoring systems by enabling faster 

detection and automated alert mechanisms. 
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Table 1: Literature Survey Summary 
 

Author(s) & Year Title/Work Description Methodology/Technology Used Key Findings Limitations Identified 

Smith et al. (2018) Smart Fire Detection System Sensors with GSM module 
Remote SMS alert 

system 

No real-time monitoring, no 

GPS 

Kumar & Singh 

(2019) 

IoT-Based Fire Monitoring 

System 

IoT with temperature & smoke 

sensors 

Remote monitoring via 

internet 

No location tracking, delay in 

alerts 

Lee et al. (2020) Wireless Fire Alert System Wireless Sensor Networks (WSN) 
Improved detection 

accuracy 
Expensive and complex setup 

Ahmed et al. (2021) Arduino-Based Fire Alarm Arduino with flame sensor Low-cost fire detection 
Only local alert, no remote 

communication 

Patel & Shah (2022) 
IoT Fire Detection with 

Cloud 
Wi-Fi + Cloud integration 

Real-time alerts via 

mobile/web 
No GPS integration 

Ramesh et al. (2023) 
GPS-Based Fire Alert 

System 
GPS + GSM communication Location-based alerting 

Slower communication, 

limited scalability 

Chen et al. (2020) 
Smart Building Fire 

Monitoring 
IoT sensors + cloud analytics 

Centralized monitoring 

system 

High cost, complex 

infrastructure 

Gupta & Verma 

(2021) 

Automated Fire Detection 

using IoT 
NodeMCU with multiple sensors 

Real-time detection and 

alerts 

No SMS backup, depends on 

internet 

Ali et al. (2022) Intelligent Fire Alert System AI + IoT-based detection 
Improved prediction 

accuracy 

Requires high computational 

resources 

Proposed System 
IoT Fire Department 

Alerting System 

Arduino, NodeMCU, Flame 

Sensor, GPS, IoT 

Real-time detection, 

instant alerts, GPS 

tracking 

Requires stable internet 

connectivity 

 

Methodology 
The proposed IoT-based Fire Department Alerting System is 
implemented through a systematic approach combining 
sensing, processing, communication, and alert mechanisms. 
The methodology is structured into multiple stages to ensure 
efficient fire detection and rapid response. 
1. System Architecture Design: The system architecture 

is designed by integrating hardware components such 
as a flame sensor, Arduino microcontroller, NodeMCU 
(ESP8266), GPS module, I2C LCD display, and buzzer. 
The architecture follows a layered approach consisting 
of sensing, processing, and communication layers to 
enable seamless data flow and real-time monitoring. 

 
2. Continuous Environment Monitoring: The flame 

sensor continuously monitors the surroundings for 
infrared radiation emitted by fire. It operates in real 
time and provides analog/digital output signals based 
on the intensity of the detected flame. A threshold value 
is predefined to differentiate between normal conditions 
and fire presence. 

 
3. Data Acquisition and Processing: The Arduino 

microcontroller collects data from the flame sensor and 
processes it using embedded programming logic. It 
compares the sensor values with the threshold level to 
determine whether a fire condition exists. This step 
ensures accurate decision-making and reduces false 
alarms. 

 
4. Local Alert Generation: When a fire is detected, the 

system immediately activates a buzzer to alert nearby 
individuals. Simultaneously, the I2C LCD displays 
warning messages such as “Fire Detected” or 
“Emergency Alert,” providing clear visual information. 

 
5. IoT-Based Data Transmission: The NodeMCU Wi-Fi 

module establishes a connection with the internet and 
acts as a communication gateway. It transmits real-time 
data from the Arduino to cloud platforms, mobile 
applications, or web dashboards, enabling remote 
monitoring from any location. 

6. Instant Emergency Notification: Once fire detection 

is confirmed, the system sends automated alerts through 

multiple channels such as mobile applications, web 

interfaces, and SMS notifications. This multi-channel 

communication ensures that alerts reach users and 

emergency services without delay. 

 

7. GPS-Based Location Identification: The GPS module 

retrieves the exact latitude and longitude of the fire 

incident location. This information is attached to the 

alert message, allowing fire department personnel to 

quickly locate the affected area and take immediate 

action. 

 

8. Integration and System Synchronization: All 

hardware components and communication modules are 

integrated and synchronized to work as a unified 

system. Proper interfacing ensures smooth data 

exchange between Arduino and NodeMCU, improving 

system reliability. 

 

9. Testing and Performance Evaluation: The system is 

tested under various scenarios to evaluate its accuracy, 

response time, and reliability. Parameters such as 

detection speed, alert delivery time, and system stability 

are analyzed to ensure optimal performance. 

 

10. Deployment and Application: The final system is 

deployed in environments such as homes, industries, 

warehouses, and public buildings. Its cost-effectiveness, 

scalability, and ease of installation make it suitable for 

real-world fire safety applications. 

 

Results 

The proposed IoT-based Fire Department Alerting System 

was successfully implemented and tested under various 

conditions to evaluate its performance and reliability. The 

system demonstrated accurate fire detection, immediate 

local alert generation, and efficient transmission of 

notifications to users and emergency services. During 

testing, the flame sensor effectively detected the presence of 
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fire in real time, and the Arduino microcontroller processed 

the data without delay. Once a fire was detected, the buzzer 

was activated and warning messages were displayed on the 

I2C LCD, ensuring that nearby individuals were alerted 

instantly. 

At the same time, the NodeMCU Wi-Fi module successfully 

transmitted alerts through mobile applications, web 

platforms, and SMS notifications. The integration of the 

GPS module enabled the system to send precise location 

details along with the alert message, which is crucial for 

quick emergency response. The overall response time of the 

system ranged between 1 to 5 seconds, which is 

significantly faster compared to traditional fire alarm 

systems. 

 
Table 2: Fire Detection and Alert Response 

 

Test Case Condition Flame Detected Buzzer Status LCD Display Alert Sent Response Time (sec) 

1 Normal No OFF System Normal No 0 

2 Small Flame Yes ON Fire Detected Yes 2–3 

3 Moderate Fire Yes ON Fire Alert Yes 2 

4 High Flame Yes ON Emergency Alert Yes 1–2 

 

The communication efficiency of the system is summarized 

in Table 2. The results indicate stable Wi-Fi connectivity, 

fast alert delivery, and high system reliability. The GPS 

module provided location accuracy within a small margin of 

error, making it suitable for real-time tracking. 

 

Table 3: Communication Performance 
 

Parameter Result 

Wi-Fi Connectivity Stable 

Alert Delivery Mobile, Web, SMS 

GPS Accuracy ±5–10 meters 

Delivery Time 2–5 seconds 

Reliability High 

 

1. System Architecture 

 

 
 

Fig 1: System Architecture 

 

Figure 4.1 illustrates the overall system architecture, 

showing the interaction between the flame sensor, Arduino, 

NodeMCU, GPS module, buzzer, and LCD display.  

 

2. Hardware Implementation 

Figure 4.2 illustrates the hardware implementation of the 

system showing the real world usage of the application. 

The results clearly indicate that the proposed system is 

capable of detecting fire accurately and sending alerts in real 

time. The integration of IoT and GPS technologies enhances 

the overall effectiveness of the system, reduces response 

time, and improves fire safety management. 

 
 

Fig 2: Hardware Implementation 

 

Conclusion 

The IoT-based Fire Department Alerting System presented 

in this project provides an effective solution for early fire 

detection and rapid emergency response. Fire accidents pose 

a serious threat to life and property, and traditional systems 

often fail to provide timely alerts due to their dependence on 

manual intervention. The proposed system overcomes these 

limitations by integrating modern IoT technologies with 

sensor-based detection and automated communication. 

The system successfully detects fire using a flame sensor 

and processes the data through an Arduino microcontroller 

to generate immediate local alerts through a buzzer and 

LCD display. In addition, the NodeMCU Wi-Fi module 

enables real-time transmission of alerts to users and 

emergency services via mobile applications, web platforms, 

and SMS notifications. The incorporation of GPS 

technology further enhances the system by providing 

accurate location details, allowing faster identification of the 

fire incident and reducing response time. 

The results obtained from testing demonstrate that the 

system is reliable, efficient, and capable of delivering alerts 

within a short time frame. Its cost-effectiveness, ease of 
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implementation, and scalability make it suitable for 

deployment in residential, industrial, and commercial 

environments. Overall, the project highlights the importance 

of integrating IoT in safety systems and proves that 

automated fire detection and alerting can significantly 

improve fire safety management and minimize potential 

damage. 
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