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Abstract— Fire Fighting is an extremely dangerous task that 

has caused severe loss of life and property because of lack in 

technological advancement. The current firefighting methods 

mostly employing humans are inadequate, inefficient and are 

subjected to errors. This paper presents the design and 

development of a Fire Fighting Robot that monitors a 

hazardous fire prone area with the feature of continuous 

scanning for any occurrence of fire. When a fire is spotted it 

locates the exact source of fire and extinguishes the fire with 

an extinguisher mounted on the robot. Monitoring a critical 

area is done by line following mechanism using Infra-red 

(IR) sensors. Fire detection is also carried out using IR 

detectors. This robot will find application in monitoring 

critical fire hazardous site ensuring minimum damage with 

maximum human safety. 
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I. INTRODUCTION 

Fire Fighting is a very dangerous task which involves 

working in a dangerous environment comprising of dense 

smoke, oxygen deficient atmosphere and elevated 

temperatures. Fire Fighters suffer serious burn injuries, 

suffocation, dense smoke obscures their vision and in 

extreme cases can cause disorientation to the fire-fighters 

thus trapping them in fire. Hence a need is felt for design 

and development of Fire Fighting robot that will at least 

assist fire fighters in curbing small fires from spreading 

allowing fire fighters to concentrate on serious fire disaster. 

Four elements start and sustain a fire. They are 

classified in a fire tetrahedron. 

 Heat 

 Oxygen 

 Fuel 

 Chemical Reaction 

A fire can be extinguished by taking away any one 

of the components of fire tetrahedron. A fire tetrahedron is 

shown in Fig 1 

 
Fig. 1: Fire Tetrahedron 

This paper discusses on the work done to develop a 

Fire Fighting Robot that monitors a hazardous fire prone 

area for any fire occurrence. Area is supervised by using a 

line following mechanism. Flame sensors mounted on the 

robot keep a constant vigil for any outbreak of fire. If fire is 

spotted robot will move out of its track and head towards the 

source of fire and extinguish it by using an extinguisher kept 

on its platform. After extinguishing the fire, the robot 

returns to its track to continue monitoring the area. All these 

processes will be automated without any human 

interference. 

II. LITERATURE REVIEW 

Various ideas of fire-fighting robots have been introduced 

and upgraded from time to time. B.S. Sampath [1] has 

proposed a model of Automatic Fire Extinguisher for rescue 

operations in fire accidents and during war when possibility 

of men entering fire environment is very low. It was 

designed to undertake operations at temperatures up to 

300C. It employs Thermocouple for sensing fire and uses 

water pump for extinguishing fire. M. Nithiya & E. 

Muthamizh [2] proposed a fire-fighting robot using 

thermistors to sense the presence of fire and navigate the 

robot accordingly. Water was used as a medium for 

extinguishing fire using a water pump. 

Another research work of M. Pednekar, J. Amanna 

et al [3] state the implementation of a Voice operated 

Intelligent Fire Extinguisher Robotic Vehicle. It helps fire 

fighters in difficult to reach areas. Robot is controlled by 

user voice command for navigation and switching of the 

water pump. Xbee modules were used for wireless 

communication. However voice needs to be finely tuned 

with system. 

Smart Sprinkler system by R. Neeves, F. 

Zampirolli et al [4] proposed a sprinkler system which can 

be angled based on images obtained on Infra-red (IR) 

camera aimed at source of fire. B.S. Khoo, S.W. Chin et al 

[5] proposed a robot called Fire Droid, in which robot uses 

flame sensor along with Ultrasonic Sensor for fire detection 

& navigation. They employed water as an extinguishing 

agent. Water as a fire suppressant can extinguish only Class 

A types of fire caused by paper, wood and plastic 

substances. This restricts the scope of Fire Fighting. 

Commercially, Thermite industry by Howe & 

Howe, manufactures Fire-fighting robot which can be 

controlled up to 4 miles. It aims to completely replace fire 

fighters from fire environment. Tokyo Fire Fighters have 

introduced Autonomous Fire Fighting Robot which can be 

operated using remote operator with an ability to extinguish 

fire when fire is sensed [6]. 

In this paper an Autonomous Fire Fighting Robot is 

proposed which guards an area as required by user. The 

robot patrolling is controlled using line following 

mechanism. Robot has in total 4 IR sensors. Robot Design is 

flexible to accommodate any of the Extinguishing cylinders 

including Foam, Carbon-Dioxide or Dry chemical powder. 

III. ROBOT DESIGN 

A. Robot Model 

Fig. 2 shows the model of a robot. Fire Fighting Robot is a 

mobile robot that patrols the circumference of a designed 

track. The robot is driven by 4 DC Motors with Wheels 
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coupled at the shaft end.  Four wheels are used to keep the 

platform straight with no inclination. At the bottom side of 

the base plate 2 Infra-Red (IR) Sensor are attached. Two IR 

detectors act as Fire sensors. They are shielded from normal 

light to improve the accuracy.  They are positioned one at 

the front and other at a side facing the monitoring area. At 

the top of platform a fire extinguisher is mounted. A 

solenoid actuator is used for triggering the extinguisher.  

 
Fig. 2: Robot Model 

B. Design Consideration 

The robot body is fabricated from 6mm thick acrylic sheet. 

On the base plate 4 DC Motors are mounted. The motors are 

selected based on required torque and desired speed of the 

robot. Torque is calculated based on load on the robot. Load 

on the robot is found using Equation (1.1). 

m = ma + mb + mc + me   (1.1) 

Where 

m = mass of the robot 

ma = mass of acrylic sheets 

mb = mass of battery 

mc = mass of extinguishing cylinder 

me = mass of motors, solenoid actuator, electronic circuits 

From the load, Torque of the motor is calculated 

using the relation (1.2) 

T = μ × N × r   (1.2) 

Where 

T= Torque of the motor 

µ = Coefficient of friction between wheel and floor is taken 

as 0.4 

N = Normal Reaction to load on the robot 

r = Radius of wheel of the robot 

The load on robot is 5.3 kg. It is driven by 12V, 

60RPM, 8.3 kg cm torque four DC Motors. The motors are 

powered from a 12V, 7.5 Ah two wheeler battery. Motors 

are driven from two L298N Motor Driver.   

IV. LINE FOLLOWING 

The robot monitors a fire prone area using Line Following 

mechanism. In this paper, the robot patrols an elliptical 

track. The robot follows a white line on a black surface. 2 

Pairs of Infra-red Light Emitting Diode (IR LED) and 

Photodiode are used. The property that white colour reflects 

light as compared to black colour is used. Fig. 3 shows the 

circuit diagram of a IR sensor for line following. 

 
Fig. 3: IR Sensor Circuit 

The resistance of Photodiode varies with the 

intensity of light falling on it is used in this circuit. When 

the Robot is on white surface IR light emitted by IR LED is 

detected by Photodiode. So resistance across Photodiode 

decreases and corresponding voltage drop across it 

decreases. Therefore, the voltage across resistance R2 

increases. Variable resistance VR1 is adjusted to a threshold 

value. When voltage across R2 is higher than voltage at 

VR1, the output of Robot is set to HIGH otherwise the 

output is LOW. Table 1 gives the logic developed for line 

following mechanism. 

Sensor Position 
Left 

Sensor 

Right 

Sensor 

Direction 

to move 

Both sensor on black 

surface 
Low Low 

Move 

Straight 

Left sensor on black, 

Right sensor on white 
Low High 

Move 

Right 

Left sensor on white, 

Right sensor on black 
High Low Move Left 

Both sensor on white 

surface 
High High Stop 

Table 1: Sensor Position & Required Action 

When both the sensors give LOW output, robot is 

programmed to move forward. When one of sensor is 

HIGH, motors on that side are driven in reverse direction to 

take turn. When both sensors are HIGH, Robot stops. The 

programs to Motors are given through Arduino 

microcontroller via   Motor Driver. 

V. FIRE DETECTION 

Flame Sensor module is used for fire detection. It is IR 

detector. It detects IR patterns from 760-1100nm. It has 

sensing range from 10-80 cm. The sensor outputs an analog 

voltage corresponding to wavelength sensed. The value is 

converted to value in the scale of 0 – 1023 by analog pin of 

Arduino. A minimum threshold value of analog voltage is 

set based on environmental conditions, required sensitivity 

and desired performance of the robot. This is done to avoid 

any false detection of fire. When the sensor outputs an 

analog voltage below this threshold a fire is detected. 

Two Flame sensor modules are used. One module 

is placed on front side of the base plate and the other on the 

side facing the area under supervision. A candle is used as 

fire source and Flame Sensor readings were taken. Table 2 

shows the observations recorded. 

Fire Source Readings observed 

No fire 760 

Fire at 75 cm 45 

Fire at 50 cm 30 

Fire within 30 cm 18 

Table 2: Flame Sensor Readings 
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Based on these readings two threshold values are 

set for Front Flame Sensor and one threshold value is set for 

Side Flame Sensor. When the Side sensor value goes below 

the set threshold value a fire is detected. 

When a fire is sensed by side flame sensor, robot is 

programmed to turn till Front Flame Sensor aligns with the 

fire. This makes the robot turn in 90 degrees. The robot then 

advances towards fire with continuous monitoring of Front 

Flame Sensor. The robot is programmed to stop at 30 cm 

from the fire source. This is done by setting Front Flame 

Sensor to second lower threshold value. When the value of 

Front Flame sensor dips below the second threshold value 

the robot stops and starts extinguishing mechanism. 

VI. FIRE EXTINGUISHING 

When robot stops in front of fire at distance of around 30cm, 

Fire Extinguisher is triggered. In the experiment carried out 

a foam type Fire Extinguisher is used. The Fire Extinguisher 

is triggered using a solenoid actuator. The linear actuator 

presses against the nozzle of the cylinder to release 

pressurised foam spray on the fire. The arrangement of 

extinguishing mechanism is done on the top platform of the 

robot. Fig. 4 shows the detail view of the Top Plate of the 

robot with extinguishing mechanism. 

The objective here is to spray the extinguisher at 

distance up to 30cm. This is done with trigonometric 

analysis of extinguishing mechanism as shown in Fig. 5. 

The analysis led to setting the Extinguishing cylinder at 40 

degrees from horizontal surface.  

 
Fig. 4: Extinguisher Actuating Mechanism 

 
Fig. 5: Trigonometric Analysis of Extinguishing Mechanism 

VII. IMPLEMENTATION 

The robot consists of construction of robot body, interfacing 

of hardware with two IR sensors for line following 

mechanism and two flame sensors for fire detection. Sensors 

input are taken to Arduino microcontroller. Microcontroller 

is programmed to give signals to Motors to drive the robot 

and actuate the extinguisher when fire is in close proximity 

to robot.  

2 pairs of IR LED and Photodiodes are positioned 

on front side of the base plate facing ground. The inputs 

from the 2 sensors drive the robot along the white line. The 

robot continues following the white line until side flame 

sensor detects the presence of fire. If fire is sensed, robot 

turns in the direction of fire. The robot makes a turn at 

approximately 90 degree when front flame sensor is in line 

with fire.  The robot then moves towards fire and stops at 

the distance of 30cm. The Extinguishing mechanism is then 

started. The actuator is triggered through a relay. The 

actuator remains ON till the Front Flame Sensor values 

increases above the threshold value. Encoders are used to 

drive the robot back to line. The robot is turned through 90 

degrees and line following is resumed. This checks for any 

further fire outbreak. Fig. 6 shows the developed robot. Fig 

7-10 show the different working stages of Autonomous Fire 

Fighting Robot. 

 
Fig. 6: Developed Fire Fighting Robot 

 
Fig. 7: Line Following of the robot and stopping when side 

flame sensor senses fire 

 
Fig. 8: Robot turns till Front Flame sensor aligns with the 

fire source 
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Fig. 9: Fire is extinguished by the robot by triggering the 

actuator 

 
Fig. 10: Robot returns to track and continues line following 

VIII. RESULT & CONCLUSION 

The Fire Fighting Robot works autonomously when 

switched ON. The robot successfully tracks the white line. 

IR Flame Sensor does not give any false fire detection. The 

robot is tested in ambient lighting conditions. The 

Extinguisher spray targets the source of fire. The Solenoid 

Actuator works in unison with Fire Extinguisher without 

any slippage. Rotary Encoder ensures robot returns to the 

line track after extinguishing the fire. 

The robot will find its use in fire sensitive areas. A 

Designer has to just set a white line track on a black surface 

surrounding the critical area. The research work can be 

enhanced by adding object avoidance feature. Using 

Wireless Thermal Camera, the fire detection range can be 

extended. The robot can be modified to travel across uneven 

terrain or staircases.  
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