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Abstract - The early detection and extinguishing of fire without human intervention is the basic need which saves 
considerable damage to life and property. This paper presents a design of an autonomous robot which detects and 
extinguishes fire on a plane surface at rudimentary stage in a very short time. The model designed is a prototype for real time 
physical environment of house or a small scale plant. The wall mounted sensors with radio frequency communication system 
activates when an inception of fire occurs. The robot follows the white lines on the ground surface, thus taking shortest path 
from its current location to fire location when the fire is detected. The fire extinction mechanism is developed using water 
tank and a plastic pipe. In real time, a specially designed fire extinguisher can be used. The robot returns to its home position 
once the fire is extinguished or directs to new location where fire is detected. The experiments with varying fire detected 
places and times of fire occurrence validate the performance of proposed prototype. The paper also suggests changes 
required to convert this prototype into real time system. 
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I. INTRODUCTION 
 
One of the essential elements of nature is fire, which 
has significant role in our day to day life. It helps in 
supporting existence of living beings and natural 
processes. Yet, it is a great threat to life and property, 
if it spreads in uncontrollable manner. As per U.S. 
fire statistics, in 2015, there were 1,345,500 fires 
reported in the United States. These fires caused 
3,280 civilian deaths, 15,700 civilian injuries, and 
$14.3 billion in property damage [1].  
 
Thus, it becomes essential to curb the fire in its initial 
stage before there is a major outbreak. Fire fighters 
face risky situations when extinguishing fires and 
rescuing victims, it is an inevitable part of their job. 
In contrast, a robot can function by itself or be 
controlled from a distance, which means that fire 
fighting and rescue activities could be executed 
without putting fire fighters at risk   by using robot 
technology instead [2].  
 
In other words, using machine interface i.e. robots, 
reduces the need for fire fighters to get into life 
threatening situations. With the advent of technology, 
robots are integral help to humans. This robot 
provides fire protection when there is a fire in 
household application or small scale plant by using 
automatic control of robot with the use of 
microcontroller in order to reduced loss of life and 
property damage [3].  
 
Considering the critical nature of the aforementioned 
issue, our motive is to build, design and commission 
an autonomous robot that will tackle the problem 
before it gets out of hand. Although, already remedies 
like extinguishers, fire brigade are at our disposal but 
indeed till time corrective action is taken, certain 

amount of damage is caused. Thus, the autonomous  
 
robot will detect the fire at its initial stage and 
extinguish it, in turn contributing for the damage  
control. Also, fire security systems require 
considerable investment. The motto is to build a cost 
effective system that will be reliable.  
 
II. DESIGN 
 
This section explains the workspace and design of an 
autonomous robot used for fire detection and 
extinction. The design of the system is made by 
considering actual environment it will be subjected 
to, as this robot requires interactions with hazardous 
fire situation.  
 
The robot is made to fire resistant so as to protect the 
circuitry on it. Path planning is devised in this 
proposed work for purposes namely, to reach the 
point of fire in shortest distance and in minimum 
possible time. 
 
A.   Workspace 
Physical environment resembling a home is created to 
study and test the interaction with real-time system. 
The environment consists of a family room and a 
bedroom. The dimensions of the family room are 
100×120 cm2 and bedroom 200×130 cm2. The 
schematic is shown in Fig. 1.  
 
The environment is designed on plywood base; black 
sheet paper is used for flooring and mount board for 
the walls. The inflammable white lines are created for 
path planning purpose. The robot path is planned 
such that, it can reach to every corner of the house 
with considering all possible obstacles in home like 
TV, sofa set and bed etc. The nearest possible path is 
included for such obstacles. 
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Fig. 1 Schematic of Workspace 

B.   Robot design 
The autonomous robot used for fire detection and 
extinction purpose is a two-wheeled robot with a 
castor wheel at the front end as shown in Fig 2. The 
wheels are mounted at the rear end has 10 cm 
diameter and are 2 cm wide with the shaft diameter is 
0.6 cm. Rubber thread bonded to the wheel makes it 
light weight, durable and provides friction. The 
plastic wheels offers a low cost solution that is 
durable enough for a combat robot yet still light 
enough to be practical [4]. The castor wheel used here 
is light weight ball castor as and eliminates the need 
of two wheels at the front and which helps the robot 
to move quickly and easily. The base of robot is made 
up of white acrylic sheet which is light in weight. The 
robot is covered by tin sheets for its protection as in 
Fig. 2. The extinction mechanism is mounted on top 
surface as shown in Fig. 5. The circuit as in is 
powered by Li-Po battery (12V) which gives supply 
via connectors to the line sensors, arduino board, DC 
pump motor and servo motor circuit. IC7805 which is 
a voltage regulator is used to reduce the battery 
supply from 12V to 5V which is required by arduino 
board and servo motor. The water pump is controlled 
by using DC motor drive IC L298. Also, the robot has 
customized Printed Circuit Board (PCB) for ease of 
connections and to eliminate the errors due to 
imperfect connections.  

 
Fig. 2 Intermediate designing stage of robot 

III. OVERALL SYSTEM  
 
The plan of action to accomplish the set goal is 
subdivided into stages namely sensing, 
communication, locomotion, detection and extinction 
as shown in Fig. 3. The later part is covered in 
Section IV.  

 
Fig. 3 Flow diagram for the process including sensing, 

communication and locomotion actuation 
A.   Sensing 
On inception of fire, the nearest wall or ceiling 
mounted flame sensors sense the presence of fire. 
This marks for the sensing stage with the help of 
flame sensor module FT29561. The wall and ceiling 
mounted flame sensors are placed at an interval such 
that there is sufficient overlap and if one senor fails 
the other adjacent sensor will detect the presence of 
fire. All the sensors are multiplexed to a micro-
controller mounted on the wall as shown in Fig. 4. 

 
Fig. 4 Wall mounted PCB consisting the transceiver module 

and multiplexed interfacing from sensors 
 
B.  Communication 
The RF module (nRF24L01) transceiver system as in 
Fig. 4 is used for communication between sensor and 
the robot and relays information from flame sensors. 
This stage is required for robot locomotion actuation. 
The proposed model uses a pair of transceiver, among 
which one is mounted on the microcontroller and the 
other on the wall. 
 
C.  Locomotion 
The developed algorithm communicates co-ordinates 
of the location of fire after sensing. The robot 
responds to this signal & actuates the locomotion for 
which, line sensors are used. The line sensors used 
are LSA08 which is an array of eight sensors. These 
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sensors can be auto-calibrated according to type of 
environment. The robot should always follow the 
white line, but if it moves away from the desired path 
then PD controller takes action. The algorithm is 
formulated so as to take feedback from the robot’s 
path and then PD controlled action is employed. 
 
IV. DETECTION AND EXTINCTION 
MECHANISM  
 
This section explains detection and extinction. Upon 
reception of signal from the flame sensors the robot 
advances to the location of hazard. The flame sensors 
are placed on the robot to sense accurate location of 
fire. The robot not only depends only on the location 
information received by the fire sensors placed on the 
workspace but also by the flame sensors mounted on 
the robot, which are devised to get exact location of 
fire. After the exact location is reached, the extinction 
mechanism is actuated.  The extinction system 
consists of DC servo motor with horizontal degree of 
freedom mounted on the top surface of the robot and 
the pump motor in a water tank as shown in Fig. 5. 
For the proposed prototype, the extinction is carried 
using pump motor i.e. the element used for extinction 
is water. Post extinction the robot returns back to its 
initial position. This system can be made more 
effective in real time model; by using a specially 
designed miniature fire extinguisher. 

 
Fig. 5 Complete assembled prototype robot 

 
V. EXPERIMENTS  
 
The entire prototype was developed step by step 
taking into consideration the four stages in the plan of 
action. In order to test each stage, trails were taken 
accordingly and troubleshooting was done to rectify 
the deviation observed from the expected results and 
the final model was developed. 
The successful trails were held in the following 
sequence: 
 Sensing the presence of fire, for both wall and 

ceiling mounted sensors 
 Establishment of communication between the 

flame sensor & robot 

 Motion of the robot to the location of hazard & 
detection of fire, considering different location 
on the workplace of fire occurrence [5] 

 Extinction of fire with the aid of water as 
demonstrated in Fig. 6. 

 
CONCLUSIONS 
 
The proposed paper presents, system which can 
detect and extinguish fire with minimal human 
intervention at an early stage and independent of 
initial location. The robot reaches the fire location 
taking optimum path. The robot always follows the 
white line with the help of PD controller. The robot is 
autonomously controlled and manual settings are also 
flexible. For this proposed system, successful results 
were obtained by testing from various locations on 
the workspace. Thus, considerable damage to life and 
property is suppressed. The system can be integrated 
with home automation system. 

 
Fig. 6 Accomplishment of Extinction 
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