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Abstract: Automatic firefighting systems 
implementation is the most important and effective ways 
of minimizing risks of fire, they used this system in 
commercial building, hotels, and big shopping shops. For 
the purpose of minimizing the risk of fire, a flame and 
smoke sensor can be implemented to measure flame 
intensity and smoke in the building. The hardware we 
used to design the circuit are Arduino Uno 
microcontroller, IR flame sensor, smoke sensor, GSM 
(Global system for mobile communication), water pump 
and relay. Arduino Uno is the brain of the system that 
controls all the hardware within the circuit, Fire and 
smoke sensor detects smoke and fire and they act as an 
input variable, GSM sent fire emergency alert messages 
to firefighters, and relay is connected to the water pump 
to increase the pressure of water in the sprinkler system 
to fight fire as a first aid to stop fire.   
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1. Introduction 

A survey was carried out around Lae Papua New 
Guinea at the beginning to understand the existing 
firefighting system in Lae and hence, need an automatic 
firefighting system to be installed.  Some of the 
common Drawbacks for the existing system are; A Fire 
Hose reel is a risk for an untrained operator to use it 
because they may find themselves caught by the fire.  
Fire extinguishers have some common problems, it is 
not insulated and the chemicals present can damage 
skin and eyes, for some metals it can cause corrosion, it 
has low pressure to stop the fire, there is no protection 
to stop reigniting, and a Fire extinguisher is not 
common to stop fire meaning a fire extinguisher for a 
particular class of fire cannot be used to stop other 
classes of fire. Most of the firefighting systems in Lae 
are manually controlled and which is dangerous if 
there is a fire and there is nobody seeing it. In a fire 
hydrant system, they experience pressure loss because 
of the length of the hose and the height of the buildings. 
And sometimes the street fire hydrant is spoiled during 
road maintenance and sometimes by careless people. 
Communication delay, no proper well-established 
communication system for the firefighters and the 
owner of the properties to find out that there is a fire 
especially in the nights and early morning hours.  
Telephones and cell phones are used only if people see 

that there is a flame in buildings but without seeing it 
the fire may totally burn the building. Many times 
firefighters find it difficult to locate the location of the 
street or places where the fire is coming from.   

The proposed system is based on the electronics 
components such as Arduino Uno Microcontroller, GSM 
(Global System for Mobile Communication), water 
pump, relay, LCD, alarm, led, smoke sensor, and fire 
sensor. The sensors sent input signals to the Arduino 
Uno microcontroller which controls the output signals 
for alarm, LED, water pump, and GSM. The GSM is used 
in the system to wirelessly sent an alert message to the 
firefighters in the Fire Station if fire or smoke is 
detected by the sensors [3], [4],[6]. The alert message 
will contain the full address of the owner of the 
building and the GPS location of the building which will 
be programmed for every building in towns city in 
Papua New Guinea. To minimize the risk of fire and for 
emergency alerts, an automatic control water pump 
will be installed in the buildings as well as an alarm and 
LED. For information display, the LCD is used to show 
and to specify if there is a fire or smoke has been 
detected or not [1].   

2. Methodology 

A Microcontroller-based automatic firefighting system 
is a system made up of electronics components that are 
programmed in a way that it is automated to minimize 
fire in the buildings around Lae area. Fig. 1 represent 
the block diagram of the system.  

 
Figure 1. Block diagram of the proposed system 
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2.1The hardware component description 

Under this, we will look at the description of the 

following component 

1) IR flame sensor 

2) 5V relay module with one channel  

3) (PH)-230) automatic water pump 

4) 16 X 2 LCD 

5) Red LED 

6) Fire alarm 

7) Arduino Uno 

A flame sensor is a small electronic device designed to 

detect fire or respond to fire when there is a fire flame 

(Fig. 2).  

 

Figure 2.  The Flame sensors 

MQ-3 Smoke detector is a small electronic device 

design to detect smoke, which indicates that there is 

fire (Fig.3).  

 

 

Figure 3.  The MQ-3 sensor 

The Sim800A board (Fig.4) is a complete development 
board of GSM/GPRS and Bluetooth which is used by 
transmitting SMS, voice, and data wirelessly in 
SIM800A GSM- based projects[2]. It has an inbuilt 
Bluetooth Antenna and its power consumption is low. 
It is used in this project to transfer fire eminency alert 
messages. emergency. Fire alarm is used to give an 
annoying sound showing sign of fire emergency.  

 

Figure 4.  The SIM800A GSM 

16 x 2 LCD used in this electronic projects is cheaper to 
buy and can be programmed easily using a 
microcontroller. They called 16 x 2 LCD because it has 
16 columns and 2 rows (Fig.5). 

(Fig.6) is the Automatic water pump for sprinkler 
system used in this project 

 

Figure 6.  water pump 

Arduino is a computer that can be programmed to 

identify and read information around us and to send 

commands to control the outside world (Fig.7).  

Electrical and electronic components and devices can 

be connected to the Arduino to control them. It’s a 

small circuit board that contains the brain itself known 

as the microcontroller that we can interface with an 

electrical and electronic circuits. The microcontroller 

itself is the brain of the Arduino board that we can 

write programs within it and control the outputs 

according to our desire [5], [8]. 

 

Figure 7. Arduino Uno microcontroller 
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2.2 The Circuit 

 

Figure 8. The Circuit Diagram of the Fire Fighting 
System 

 As shown in Fig.8, The circuit The smoke and fire 
sensors are connected to the digital pin 6 and pin 7 
respectively of the Arduino Uno board.  The GSM’s 
receiver pin is connected to the transmitter pin Tx1 of 
the Arduino Uno. For LCD, it has six 6 pins and they are 
rs, en, d4, d5, d6, and d7 and are connected to Arduino 
Uno digital pin 12,11,5,4,3, and 2 for the displays. The 
relay is connected to pin 9 of the Arduino Uno board 
and from the relay, it is connected to the water pump.  
And others like the alarm is connected to pin 8 and LED 
to pin 10 of the Arduino Uno board.  

2.3 The Flow Chart 

The system starts readings get from the smoke and fire 
detectors. If flame or smoke is detected the 
microcontroller sent an output signal to switch ON the 
water pump, alarm, LED, and activate GSM to send an 

alert message. Once the fire or smoke is not detected it 
will take some time to switch OFF the alarm, LED, 
water pump, and the GSM.  The flowchart of the 
working of the system is show in Figure 9. 

 
Figure 9.  Flow Chart of the working of the System 

 2.4 Programming 

Below is the C language [7] programming for the 

automatic fire fighting system 

include <LiquidCrystal.h> 

int time = 0; 

// initialize the library by associating any needed LCD 
interface pin 

// with the arduino pin number it is connected to 

const int rs = 12, en = 11, d4 = 5, d5 = 4, d6 = 3, d7 = 2; 

LiquidCrystal lcd(rs, en, d4, d5, d6, d7); 

const byte SmokePin = 6; 

const byte FirePin = 7; 

const byte AlmPin = 8; 

const byte pumpPin = 9; 

const byte LedPin = 10; 

void setup() 

{ 

  pinMode(SmokePin, INPUT); 
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  pinMode(FirePin, INPUT); 

  pinMode(AlmPin, OUTPUT); 

  pinMode(pumpPin,OUTPUT); 

  pinMode(LedPin, OUTPUT); 

  lcd.begin(16, 2); 

  lcd.clear(); 

  lcd.setCursor(0,0); 

  lcd.print("PROJECT BELONGS"); 

  //lcd.print(" SMOKE AND FIRE"); 

   lcd.setCursor(0,1); 

lcd.print("TO NATHAN RANDA"); 

 //lcd.print("    DETECTOR    ");  

    lcd.print(" Initialising..."); 

    delay(1000); 

    lcd.clear(); 

    lcd.setCursor(0,1); 

    //////////////////////// 

    lcd.clear(); 

   lcd.setCursor(0,0); 

   lcd.print(" SMOKE AND FIRE "); 

   lcd.setCursor(0,1); 

   lcd.print("    DETECTOR    "); 

    Serial.begin(9600); 

  Serial.print("AT+CNMI=1,2,0,0,0\r\n"); 

  delay(1000); 

  Serial.print("AT+CMGF=1\r\n"); 

  delay(500); 

} 
void loop() 
{ 
if (digitalRead(SmokePin)==LOW) 
{ 

lcd.clear(); 

   lcd.setCursor(0, 1); 

  lcd.print(" Smoke Detected...");  

Serial.print("AT+CMGS=\"+67575464835\"\r"); 

  delay(500); 

  delay(500); 

  Serial.print("SMOKE DETECTED...."); 

  Serial.println((char)26); 

  delay(1000); 

  Serial.write((byte)0x1A);  

delay(50); 

  Serial.println(); 

  digitalWrite(AlmPin, HIGH);  

  digitalWrite(pumpPin, HIGH); 

 for (int i=0; i<20; i++) 

{  

digitalWrite(LedPin, HIGH); 

delay(250); 

digitalWrite(LedPin, LOW);  

delay(250);  

} 

  while (digitalRead(SmokePin)==LOW) 

  {} 

   lcd.clear(); 

   lcd.setCursor(0,0); 

   lcd.print(" SMOKE AND FIRE "); 

   lcd.setCursor(0,1); 

   lcd.print("    DETECTOR    "); 

} 

if (digitalRead(FirePin)==HIGH) 

{ 

  lcd.clear(); 

  lcd.setCursor(0, 1); 

  lcd.print(" Fire Detected..."); 

  Serial.print("AT+CMGS=\"+67575464835\"\r"); 

  delay(500); 

  delay(500); 

  Serial.print("FIRE DETECTED...."); 

  Serial.println((char)26); 

  delay(1000); 

  Serial.write((byte)0x1A);  

  delay(50); 

  Serial.println(); 

   digitalWrite(AlmPin, HIGH);  

  digitalWrite(pumpPin, HIGH); 

 for (int i=0; i<20; i++) 

{  

digitalWrite(LedPin, HIGH); 

delay(250); 

digitalWrite(LedPin, LOW);  

delay(250);  

}  
while (digitalRead(FirePin)==HIGH) 
  {} 
lcd.clear(); 
   lcd.setCursor(0,0); 
   lcd.print(" SMOKE AND FIRE "); 
   lcd.setCursor(0,1); 
   lcd.print("    DETECTOR    ");} 
else 
digitalWrite(AlmPin, LOW);  

digitalWrite(pumpPin, LOW); 

digitalWrite(LedPin,  LOW);   

} 
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3. Result and Discussion 

Fig. 10 shows the circuit implementation of the circuit 
shown in Fig. 3 for the automatic firefighting system. 

 
Figure 10.  Overall view of the circuit setup of the 

automatic firefighting system 

Test is carried out to check whether the hardware and 
the software operated according to the desired 
requirements. So by using the flame sensor and the 
smoke sensor, two tests are done which is listed below 

A. flame test and 

B.  smoke test 

A. Flame test 

Fig. 11 shows the result obtained from the flametest. 
When the flame sensor detects the flame, it 
automatically switches ON the water pump, GSM sent 
SMS containing information which is written as “Fire is 
detected in xxxxx’s house, Mobile number xxxxx,  GPS 
location xxxxx, street or campus xxxxx ” where xxxxx 
are the name of the owner of the building, their mobile 
number, GPS information, and the name of the street or 
campus where the fire occurs, the LCD screen it is 
written as “flame is detected”, and the  red LED blinks 
at 0.2 seconds, and also the alarm is switched ON. 

 
Figure 11. The flame test result 

A. Smoke test 

Fig. 12 showing the result obtained from the smoke 
test. When smoke is detected by the smoke sensor, it 
automatically switches ON the water pump, GSM sent 
SMS containing information which is written as “Smoke 
is detected in xxxxx’s house, Mobile number xxxxx, GPS 
location xxxxx, street or campus xxxxx ” where xxxxx 
are the name of the owner of the building, their mobile 
number, GPS information, and the name of the street or 
campus where the fire occurs, the LCD screen it is 
written as “smoke is detected”, and the  red LED blinks 
at 0.2 seconds, and the alarm is switched ON. 

 

Figure 12. The Smoke test result 

3. 2 Result Explained in terms of digital  

          Logics 1 and 0 

The input-output condition of the system is given in 
Table 1. 

 

Table 1: The input and output condition of the system. 
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4. Conclusion 

Lae is the second largest city in Papua New Guinea with 
lots of expensive buildings including commercial 
buildings, big shopping centers, university owned 
buildings, expensive Hotels, guest houses, and many 
others as well. The literature survey done from 2020 – 
2021 shows that the existing system is not safe to 
protect those buildings from fire in Lae. The proposed 
system, micro-controller based automatic control of 
firefighting system is one of the effective systems we 
can use to minimize the risk of fire in Lae. In terms of 
communication system, an automatic SMS will be sent 
to the firefighters as soon as fire or smoke is detected 
in any of the buildings to minimize the delay of 
information about fire emergency. To fight fire 
automatically, the water pump will switch ON 
automatically as soon as fire or smoke is detected in 
the buildings to pressurizing water in the sprinkler 
system to stop the fire. For the fire emergency alert 
system, the red LED will be blinking and the alarm will 
ON automatically when fire or smoke is detected and 
the information will be displayed on the LCD display. 

Therefore, the proposed system discussed here is 
designed and tested successfully. 
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