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ABSTRACT 

In this paper, an instantaneous monitoring system that automatically early detects the existence of fire is proposed. 

The detection system is developed and controlled by using an Arduino Mega microcontroller and other main components 

that operates the entire fire alarm system. The key feature of the system is the ability to remotely send an alert to the 

authorities by using a GSM module whenever a fire is detected. Also, when the presence of smoke is detected, the GPS 

module is used to indicate the location where the fire is occurred for the fire extinguishing car. The experimental results 

show that this monitoring system is capable to early detect smoke, flame, heat, temperature, and humidity with high 

efficiency. Furthermore, compared to the existing systems, this monitoring system is working automatically in all-weather 

conditions and showed its potential in solving the fire detection problems at lower cost. 
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INTRODUCTION 

Nowadays, securing people lives and properties 

against fire disaster is becoming more important and curial 

issue. Therefore, many efforts were devoted in most 

countries to design an automatic alarm system for early 

detection. A fire alarm system should be reliable and is 

usually implemented using a smoke sensor due to its early 

fire detection capability, fast response time as well as 

relatively low cost. Other options for the fire detection are 

generally based on flame sensors, heat or temperature 

sensors. To date, several systems of fire detection were 

proposed in [1]-[6]. However, some of these methods are 

either complex and expensive to be applied or not suitable 

for local measurement of the relevant parameters involved 

in fire risk and, hence, in its early detection. Consequently, 

there is an urgent need to develop an efficient system that 

could detect and alert the concerned authorities about the 

fire as early as possible at lower cost. 

Arduino is microcontroller used for  collecting  

data  from various sensors [7]. It is an open-source 

platform built on easy-to-use software and hardware. It 

was used in developing and programming numerous 

electronics circuits as reported in [8]-[12]. Thus, the main 

purpose of this work is to provide an efficient and low-

cost monitoring system for early fire detection based on 

Arduino. The researchers in [13] provided a wireless fire 

detection system using GIS technology. This system helps 

the users to protect their life, properties, and Earth natural 

resources from the fire hazards. The GIS technology 

would help fire and rescue service to work in unfamiliar 

indoor environments. However, the usage of GIS 

applications in indoor environments is limited by the 3G 

capabilities of mobile devices and by the required 

computing power for analysing such complex systems. A 

monitoring system for fire detection is reported in [14]. It 

detects the existence of the fire and captures images 

through a camera and display the results it on a screen. In 

the proposed design, when the output of the sensors is 

increased above the threshold value, the system will alert 

the user via a GSM module. The system in [14] has an 

advantage of detecting the presence of fire early, however, 

the cost of installation of cameras is very high.  

In [15], a fire alarm system based on Arduino was 

proposed to avoid the occurrence fire accidents in houses. 

As a result, this will finally allow the users to protect their 

lives and properties. When the system in [15] detects the 

heat from the fire or temperature more than 40
o
 C, it will 

directly show an alert notification on LCD display and 

instantaneously sending an SMS alert to the users 

regarding the high raise temperature in the  house via a 

GSM module. Nevertheless, smoke sensor was missing in 

the developing the reported system since it plays a vital 

role in detecting the presence of fire although its cost is 

low. Another fire detection system using an Arduino was 

presented in [16]. In the proposed system, IOT technology 

with temperature sensor were used to avoid the damage 

caused by fire outbreak risk. However, the system in [16] 

is expensive to be implemented and it lacks to the 

presence of a GPS module that is capable to indicate the 

location where the fire occurred. Therefore, in this paper, a 

low-cost and efficient monitoring alarm system for fire 

detection based on Arduino has been designed, 

implemented, and tested. The proposed system can send 

an alert message through a GSM network and indicating 

the location of the fire via a GPS module.  

 

SYSTEM DESIGN AND WORKING PRINCIPLE 

Figure-1 shows the block diagram of the 

proposed fire alarm monitoring system while Figure-2 

demonstrates the hardware architecture of the proposed 

system. The structure of this appliance system has 

components such as fire (flame) sensor for detecting the 

presence of fire or flame, temperature and humidity 

sensor, smoke sensor, LED and buzzer for alarming, GSM 

module for sending SMS services, and GPS module to 

determine the location of fire existence. All the mentioned 
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sensors will sense the main factors that are changeable 

during the occurrence of fire where the threshold values 

under normal conditions of all factors are feed in the 

Arduino Mega 2650 board. The main purpose of the 

Arduino Mega 2650 microcontroller is to manage the 

circuit and process the analog inputs from various sensors 

and then send SMS using the GSM module. This proposed 

system can detect smoke, flame, heat, and humidity. 

Finally, the data is shown in the control panel LCD display 

all the time. 
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Figure-1. Block diagram of the appliance fire 

monitoring system. 

 

 
 

Figure-2. Hardware architecture of the fire 

monitoring system. 

 

The working principle of the proposed fire alarm 

system is depicted in Figure-3. When a fire outbreak 

happened, the temperature and humidity sensor will 

trigger the heat and measure the temperature from 

surrounding. Upon the temperature reaching the of 40
o
 C, 

it will directly send signal data to the Arduino informing 

about the high temperature in the exact area. In addition, 

when the flame and smoke reach the threshold values 

under normal conditions simultaneously, then the flame 

and smoke sensors will motivate the Arduino to alert the 

user about the fire risk situation via GSM module. In this 

case, LED and buzzer operate for alarming. Moreover, an 

SMS will be sent promptly to let the fire extinguishing car 

identify the location of the fire through a GPS module. 

Simultaneously, the existence of the fire is notified as well 

on the LCD display.   
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Figure-3. Working principle flowchart of the 

appliance system. 

 

RESULTS AND DISCUSSIONS 

The design and the implementation of the 

proposed efficient Arduino-based monitoring system for 

early fire automatic detection was successfully carried out 

and effectively tested. Figure-4 shows a photograph of 

proposed system prototype. Generally, this system can be 

applied to be used for any properties like houses, farms, 

forests, and gardens, but in this work the prototype was 

designed and implemented for a small farm. Thus, several 

experimental tests were done to validate the system’s 

designed method and observe its performance. The tests 

were completed by applying heat and smoke near to the 

flame and smoke sensors, respectively. Normally, in this 

system, the condition of the temperature from surrounding 

can easily be known by using LCD as well as the values of 
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smoke, flame, and humidity. Once it increases and cross 

the threshold, then automatically the LED and buzzer 

operate for alarming and alerts the registered authority’s 

mobile number by an SMS. Besides, the location of the 

fire existence for the fire extinguishing car will be 

determined thru the GPS module. Figure-5 displays the 

SMS received by the user when fire alert is notified by the 

system.  

 

 
(a) 

 

 
(b) 

 

Figure-4. Photograph of the proposed fire alarm system 

prototype (a) perspective view and (b) top view. 

 

The results show that by implementing this fire 

system in actual practice, it can help authorities to improve 

their safety standards by having instant response in 

preventing accidents. This will eventually allow the users 

to protect their lives and properties from the disaster. 

Moreover, this proposed fire system is efficient in 

detecting the existence of fire, built is cheap compared to 

other existing alarm systems and easy to be applied in 

varied areas due to its flexibility and simplicity in 

handling; for example in houses, forests, gardens, 

factories, and many other properties.   

 

 
 

Figure-5. Result of the received SMS. 

 

CONCLUSIONS 

In this work, low-cost monitoring system for 

early fire detection based on smoke, flame and heat   

detection is proposed and tested effectively. This fire 

alarm system was successfully implemented using 

Arduino Mega 2650 microcontroller with a combination of 

another electronic equipment that working together to 

detect the presence of fire in a certain area. When this 

system detects a fire, it will immediately send an alert 

SMS to the authorities via the GSM model. Furthermore, 

the GPS module will specify the location where the fire is 

occurred. Also, the alarm buzzer will be turned to “ON” as 

well. The results show that this monitoring system offers a 

reliable solution that can detect fire to allow the protection 

of people lives and properties and avoid any damage of 

this disaster when it happens.   
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