
   
 

 
 

Global Journal of Researches in Engineering: J 
General Engineering 
Volume 19 Issue 5 Version 1.0 Year 2019 
Type: Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals 
Online ISSN: 2249-4596 & Print ISSN: 0975-5861 

 
Design, Construction and Performance Test of an Automatic 
Fire Fighting System 
 

   

 Northern University Bangladesh 
Abstract-  Securing the modern lifestyle and embedding with the amenity and composure 
requires intelligent safety systems, that will be cognizant enough to sense and act on the 
anomaly of ambiance. Fire, undoubtedly, holds the most life-threatening risk when dispersing in 
an uncontrolled manner. This work represents the design and test of an intelligent fire control 
system for securing building or home, also fire control linkage system design, at the same time, it 
describes the following: the idea of the system designing, the system components, selecting 
equipment, the linkage of sensor and water extinguishing. This system uses different types of 
sensors and micro controlling devices that use the reservoir tank, pump, and piping system to 
deliver water and alarm systems to alert people. The result was taken at different temperatures, 
smoke levels, and flame existence levels. This will inspire the designing of intelligent systems with 
little investments and humanoid firefighters capable of extinguishing large fires. 

Keywords: firefighting system, temperature sensor, flame sensor, smoke sensor, micro controlling, pump, 
pipeline, sprinkler, high temperature, smoke density, reservoir tank, alarm system. 

GJRE-J Classification: FOR Code: 091599 

 

DesignConstructionandPerformanceTestofanAutomaticFireFightingSystem                                                     
                                                               
                                                                      
 

 

 

   

   
Strictly as per the compliance and regulations of:

© 2019. Bashar, Khayrul, Islam Nazmul & Abdullah Al Saeed . This is a research/review paper, distributed under the terms of the 
Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting 
all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

By Bashar, Khayrul, Islam Nazmul & Abdullah Al Saeed



Design, Construction and Performance Test of 
an Automatic Fire Fighting System 

       

  
  

Abstract-

 

Securing the modern lifestyle and embedding with 
the amenity and composure requires intelligent safety 
systems, that will be cognizant enough to sense and act on 
the anomaly of ambiance. Fire, undoubtedly, holds the most 
life-threatening risk when dispersing in an uncontrolled 
manner. This work represents the design and test of an 
intelligent fire control system for securing building or home, 
also fire control linkage system design, at the same time, it 
describes the following: the idea of the system designing, the 
system components, selecting equipment, the linkage of 
sensor and water extinguishing. This system uses different 
types of sensors and micro controlling devices that use the 
reservoir tank, pump, and piping system to deliver water and 
alarm systems to alert people. The result was taken at different 
temperatures, smoke levels, and flame existence levels. This 
will inspire the designing of intelligent systems with little 
investments and humanoid firefighters capable of 
extinguishing large fires. 

 

 
I.

 
Introduction

 he responsibility of preserving and protecting an 
institution's collections, buildings occupants and 
operations requires certain attention to minimize 

adverse impact due to climate, pollution, theft, insects, 
and fire. Because of the speed of

 
the destroying forces 

of fire, it is one of the most serious threats. Automatic 
fire control systems extinguish fires without human 
intervention. Some examples of automatic systems 
include fire sprinkler system and gaseous fire 
suppression. When fires are

 
extinguished in the early 

stages, loss of life is minimal since 93% of all fire-related 
deaths occur once the fire has progressed beyond the 
early stages. [1] With this information, the role and 
interaction of these supplemental fire safety systems in 
the

 
protection process can then be better realized. 

 The heat from oxidation raises the temperature 
of surrounding materials, which increases the rate of 
oxidation and begins a chemical chain reaction of heat 
release and burning. A fire can progress from the 
smoldering phase immediately or slowly, depending 
upon the fuel, nearby combustibles, and the availability 
of oxygen in the surrounding air. [2] 

 In the modern era, fire departments constitute a 
comparatively recent development. Their personnel are 

either volunteer (no salaried) or career (salaried). There 
is a different type of firefighter like volunteer firefighters 
are found mainly in smaller communities, career 
firefighters in cities. The modern department with 
salaried personnel and standardized equipment 
became an integral part of municipal administration only 
late in the 19th century. [3]  

This model presents an overview of fire 
detection, alarm and sprinkler systems including system 
types, components, and operations. The smoke sensor 
is highly sensitive and gas flammable and has the ability 
to quick-fire detection. It has a long life and low cost and 
compatible with the Arduino Uno board based on 
ATMEGE328 microcontroller. Smoke alarm attached 
with a detector can warn people when they are sleeping 
or busy or in a different part of the house but when they 
are not at home automatic controlling systems will 
control the fire.  

II. Literature Review 

Different methods exist to provide estimates of 
smoke detector response based on optical density, gas 
velocity thresholds, and temperature rise. The objective 
of those types of the study was to assess the 
uncertainty associated with these estimation methods. 
Experimental data were used to evaluate recommended 
alarm thresholds and to quantify the associated error. 
[4] According to the survey, 96-97% of US households 
have at least one smoke alarm, yet in 2007-2011, smoke 
alarms were present in only three-quarters (73%) of all 
reported home fires and operated in half (52%) of all 
reported home fires. (“Homes” include one- and two-
family homes, apartments, and manufactured housing.) 
More than one-third (37%) of all home fire deaths 
resulted from fires in homes with no smoke alarms, 
while almost one-quarter (23%) resulted from fires in 
homes in which smoke alarms were present but did not 
operate. These lists are based on data from the U.S. 
Fire Administration’s (USFA’s) National Fire Incident 
Reporting System (NFIRS) and the National Fire 
Protection Association’s (NFPA’s). [6] New advanced 
fire suppression systems in recent years. Some of the 
newly developed fire controlling systems include 
halocarbon and inert gaseous agents, compressed air 
foam systems, and aerosol, water mist systems and gas 
generators. This paper describes the newly developed 
fire controlling systems and provides pragmatic 
information on the fire suppression performance of each 
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system as well as the limitations or concerns related to 
using the new suppression systems. [7] The automatic 
fire alarm system provides real-time surveillance, 
monitoring, and automatic alarm. The early alarm sends 
when the fire occurs and helps to reduce the fire 
damage. Nowadays, wireless sensor network has 
become the most important technology in environmental 
monitoring and home or factory automation in recent 
years. An automatic fire alarm system based on wireless 
sensor networks is developed, which is designed for 
high-rise buildings are discussed in this paper. [8] A 
method of monitoring the condition of the battery of a 
smoke or heat alarm so as to provide a warning of an 
impending low battery condition, the said condition 
being that of a battery which has depleted to an energy 
level at and below which it is recommended that the 
battery be replaced to maintain the full ‘functionality of 
the alarm device. [9] An apparatus for and method of 
detecting fires comprising detecting (With one or more 
detectors) levels of carbon monoxide, carbon dioxide, 
and smoke in an ambient environment, computing 
(using a processor) overtime rates of increase of each of 
the levels’ and generating an alarm if one or more of the 
rates of increase exceeds predetermined threshold rates 
of increase. [10] An upright fire protection sprinkler 
having an input orifice at an input end of the sprinkler for 
receiving fluid and an output orifice at an output end of 
the sprinkler for outputting fluid. The sprinkler has a 
connection portion at the input end of the sprinkler and 
a body extending between the connection portion and 
the output end. A pair of frame arms extends from the 
output end and meets at a hub positioned in axial 
alignment with the output orifice. A detector is 
positioned on the hub and is configured to direct fluid 
output from the output orifice substantially in a direction 
back toward the output end. [11] Analyze the safety of 
the process. Multistate of the fire protection system is 
mainly expressed in the unit versatility and impact of 
external interference signals. Moreover, in a fire system, 
water supply system, power supply system, and an 
automatic alarm system achieve operation of the system 

through triggering and flowing of water signal and 
current signal. [12] 

 

X. Liao et al. [13] have provided an automatic 
fire extinguishing strategy with real-time monitoring, 
exploration and programmed fire alarm. The paper 
proposed an algorithm that sends an early alarm when 
the fire occurs. This system consists of a smoke 
detector and a temperature sensor whose outputs are 
connected to the control. The paper demonstrated their 
results by showing temperature and area in table format. 
The cost was calculated in Bangladesh Taka (BDT) 
currency. 

 

A. ŁEBKOWSKI [14] has proposed a system 
which comprises a smoke detector and a temperature 
sensor and outputs are controlled by a controller. The 
density of smoke takes into account and thus the 
probability of false alarms can be avoided. It consists of 
ATMEGA328, Ultrasonic sensor, Gas sensor, IR module, 
Motor, Water pump, Servo motor, Power supply. Flame 
and gas intensity were detected by the IR Sensor and 
gas sensor respectively and the signal was given to the 
ATMEGA328.If the flame is detected, the robot starts 
moving towards the flame. It is done by a motor. After 
detecting the location of the flame, the robot comes 
close to the location and the pump is turned ON till the 
flame is extinguished. A. Ahmed et al. [15] have 
developed a system with main purpose of controlling 
fires by using a sprinkler system. The system consists of 
smoke and temperature sensor which send a signal to 
the microcontroller. If temperature and smoke cross the 
safety level, a buzzer will be buzzing and spraying water 
by using pump via the sprinkler system. The paper 
showed prototype design for a home also. Justin Aaron 
Geiman et al. [4] has provided a self-control smart 
sprinkler system. Multiple sensors have controlled 
through microcontroller unit. A flame sensor detects the 
intensity of the flame. The paper proposed solenoid 
valve has been opened when flame intensity crossed 
the danger level and water passes through an open 
sprinkler. Some mathematical calculation has shown for 
pressure intensity of water. 

 

III.

 

System Model

 

 

a)  Block Diagra
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Figure 1: Block diagram for automatic fire controlling system



 
 
 

 

Fig. 1 shows the block diagram of three sensors 
such as a temperature sensor, a smoke sensor and a 
flame sensor which are connected with the 

microcontroller system. When the system will be on the 
buzzer is automatically buzzing and water will be 
spraying in the indicated area by using ac pump.

 

b)

 

Schematic

 

 

 

 

 

 

 

 

 

 

 

  

In this circuit diagram (Fig. 2) Arduino

 

Uno was 
used as a micro-controller platform. The smoke sensor 
MQ2 was attached with pin A0, the flame sensor was 
connected pin A1, the temperature sensor was attached 
at digital pin 3. Buzzer and LED was attached 12 and 8 
pins respectively. The relay was attached by a pin 10. 
Dc and Ac power supply was provided for the total 
electrical system and ac pump respectively. 

 

c)

 

Construction

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

From Fig. 3 it can be shown that Reservoir tank 
dimension is: 
Length = 0.43m 
Width = 0.20 m 
Height = 0.15 m 

So that, its volume is (0.43*0.20*0.15) = 0.0135 
3. It contains 13-liter water.
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Figure 2: Circuit Diagram

Figure 3: Isometric view of designed automatic fire controlling system



Fig. 4 shows the real view of the project after 
construction. 

 

d)

 

Micro controller programming 

 

Microcontroller programming for Arduino uno 
was done by using software Arduino 1.8.1. Software 
programming are given below. 

 

#include <dht.h> 

 

#define DHT11_PIN 3 

 
 

// lowest and highest sensor readings: 

 
 

constintsensorMin = 0; // sensor minimum 

 

constintsensorMax = 1024; // sensor maximum 

 

int pump = 10; 

 

int buzzer = 12; 

 

int led = 8; 

 

dht DHT; 

 

constintgasPin = A0; 

 

void setup () 

 

{ 

 

pinMode (pump, OUTPUT); 

 

pinMode (buzzer, OUTPUT); 

 

pinMode (led, OUTPUT); 

 

Serial.begin

 

(9600); 

 

Serial.printIn ("Fire safety: Bashar, Nazmul"); 

 

} 

 

void loop (

 

) 

 

{ 

 

// read the sensor on analog A0: 

 

intflameReading = analogRead (A1); 

 

intgasReading = analogRead (gasPin); 

 

int temp = DHT.temperature; 

 

intchk = DHT.read11(DHT11_PIN); 

 

int range = map (flameReading, sensorMin, sensorMax, 
0, 3);

 

//range value: 

 

switch (range) 

 

{ 

 

case 0: //A fire is closer than 1.5ft 

 

Serial.printIn("**Close Fire **"); 

 

break; 

 

case 2: // No fire detected. 

 

Serial.printIn("No Fire"); 

 

break;

 

  

} 

 

if (temp>42 || range ==0 || gasReading > 300) 

 

{ 

 
 

Serial.printIn (" I am ON"); 

 

digitalWrite (pump, HIGH); 

 

digitalWrite (buzzer, HIGH); 

 

digitalWrite (led, HIGH); 

 

} 

 

else 

 

{ 

 

digitalWrite (pump, LOW); 

 

digitalWrite (buzzer, LOW); 

 

digitalWrite (led, LOW); 

 

} 

 

Serial.print("Gas reading: "); 

 

Serial.printIn(gasReading); 

 

// Serial.print(" Humidity "); 

 

// Serial.printIn(DHT.humidity,1); 

 

Serial.print("Temperature "); 

 

Serial.printIn(DHT.Temperature); 

 

delay(1500); 

 

//delay(1000); 

 

} 

 

In above, the Arduino Code has been shown 
that was used for this project. The codes were perfectly 
operated by the user and the output has been given in 
the result section.

 

  

 
 
 
 
 
 
 
 
 

Design, Construction and Performance Test of an Automatic Fire Fighting System
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IxX
  

Is
su

e 
 V

  
V
er
si
on

 I
  

  
  
 

  

 26

Y
e
a
r

20
19

J

© 2019   Global Journals

Figure 4: Actual Model



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Flowchart
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Table 2:

  

Verification Test Data for Smoke using Smoke Sensor

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Verification Test Data for Flame using Sensor

 
 

   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The performance of a fire fighting system 
greatly depends on the sensing capability of the smoke, 
temperature and flame sensor. When microcontroller 
gets signal alarm will operate otherwise it will wait for 1s. 
Microcontroller produced a satisfactory result which was 
shown in Table I, Table II and Table III. 

Temperature Sensor Verification has been 
shown in table 1. In this method, it is designed to verify 
different temperature and if the temperature is more 
than our desire level then the pump will automatically on 
and the buzzer will be buzzing for different temperature 
such as 30, 40, 50 and 60 degree was considering 
individually. The different data table is given below in 
Table I. 

Smoke Sensor Verification can be found by 
observing table 2. It is designed to verify different 
temperature and if the flame is more than our desire 
level then the pump will automatically on and the buzzer 
will make a sound for different temperature. Such as 
300,400,500 and 600 ppm were considered individually. 
The data are given below in Table II. Flame Sensor 
Verification is shown in Table III. For verifying different 
temperature and if the flame is more than the desired 
level, the pump will automatically on and the buzzer will 
also make the sound for different temperature. If flame 
occurs within 0-1. 5 feet than it will “close fire” .If flame 
occurs in the range of 1. 5-3 feet, it will “distance fire” 
and rest there will no fire. 

Table 1: Verification Test Data for Temperature using Temperature Sensor

Experiment 
no.

Temperature 
(degree) Verified Command

Sent Feedback

1. 0-59 degree Yes
Not to start buzzer 
and pump, Green 

light on.
Responded

2.
60 or 60 plus

 degree No

Start buzzer and 
pump, red light on till
temperature below 

30 degree.

Responded

Experiment 
no. Smoke (ppm) Verified Command Sent Feedback

1. 0-559 ppm Yes Not to start buzzer and 
pump, Green light on.

Responded

2.
600 or 600 plus 

ppm No
Start buzzer and pump, 
red light on till smoke 
level below 300 ppm.

Responded

Experiment no.
Flame

distance 
(inch)

Command
received Verified Command

Sent Feedback

1. 2-18 inch Close fire No
Start buzzer and 
pump, red light 

on.
Responded

2. 19-34 inch Distance 
fire Yes

Start buzzer,
pump is off, 

yellow light on.
Responded

3. 34-
infinity inch

No fire Yes
Not to start buzzer 
and pump, Green 

light on.
Responded
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V. Results and Discussion

a) Result 



From the above project the following results 
were found: 

 

Temperature Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Different temperature was coded and it worked 
perfectly, sometimes made small error for high 
temperature. 

 
 

Smoke Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Some disturbance was observed for power supply. 

 
 

Flame Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Small error was observed for poor component 

 

Some other component such as relay and ac 
pump, rotating sprinkler worked perfectly. There was a 
small leakage problem because pipe line was not 
perfectly constructed. 

 

Future

 

Prospects

 

Fire Eliminator Robot -

 

A mobile robot with 
features like: -

  

1.

 

Thermocouple detection system. 

 

2.

 

Water reservoir tank. 

 

3.

 

Fire extinguisher system. 

 

Automatic SONIC FIRE EXTINGUISHERS 
SYSTEM 

 

1.

 

Using sound wave to control fire by automat

 

2.

 

Design of a Fire Alarm App: 

 

3.

 

Contains "How to Prevent Fire" manual.

 

  

No. Component 
Name

Number of 
equipment

Cost
(BDT)

1.

Temperature 
sensor 2+2+2=6 200

Smoke sensor
Flame sensor

2. Microcontroller 
(arduino uno)

1 500

3. Pump (12.5 hp) 1 1200
4. Relay 1 30
5. led 3 4.5
6. Ic regulator 1 12
7. Resistance 5 5
8. Capacitor 2 3
9. Diode 1 1.5
10. Bread board 1 100
11. Sprinkler 1 200
12. buzzer 2 40
13. Pipe 3ft 50

total 2346 taka

Table 4: Estimated Cost

4. Uses GPS to send emergency message about fire. 

1. Remotely controlled aerial camera 
2. Detecting fire 
3. Automatically taking an action 

Automatic fire controlling system has become a 
great issue in this modern era. Every section of 
apartment building, bank, office, restaurant, market, 
parking place, police station, hospital, industry each and 
every portion of building its necessary to control the fire. 
Every scope of daily life now wants a promising and 
smooth fire-fighting system for a building. It would be 
one step ahead advantage if we can control fire 
automatically. 

Temperature sensor, smoke sensor, and the 
flame sensor will detect fire automatically and spraying 
water in controlling the area immediately so that fire 
cannot explode quickly and we control fire easily. 
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b) Discussions 
The total cost of project has been shown in Table IV. 

VI. Conclusion
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