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Abstract— Recent developments in the field of robotics have 

persuaded us to believe that robot has sufficient intelligence 

about is surrounding space. Fire accidents may occur due to 

different reasons ranging from a machine error to personal 

mistake. Fire emanating from sources that cannot be 

identified potentially endanger human life and cause a loss of 

property. The main objective of this research paper is to 

develop a fire detecting robot that works automatically by 

examining aspects of its workspace.  The flame sensor 

mounted on top of robot can detect the presence of flames in 

its vicinity and can avoid obstacles with the help of IR 

proximity sensors. Robot detects the presence of fire through 

the sensor within a range of 20cm to 100cm in designated 

areas. The aim is to make a robot which can follow a certain 

path and can detect the fire in its surrounding. The robot can 

be used in the rescue operation. Thus the robot can act as a 

path guider in normal case and as a fire detector and 

extinguisher in emergency. 
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I. INTRODUCTION 

The design of robot which is firebird v robot is able to of 

performing human tasks or behaving in a human-like manner 

to fight with fire. Building this robot to perform some specific 

human task requires complex type of programming. It’s about 

integrating the systems and motors, flame sensors and wires, 

among other important components. 

This project is referring to the design of robot that 

capable to move and extinguish fire automatically. 

Implementation of this robot is tested with fire to understand 

the sensitivity of detecting, after that it way extinguish the fire 

by using water mechanism. Work area with barriers can be 

avoided by this robot, in pursuing its ability to extinguish fire. 

The movement and work-behavior of this robot is 

automatically controlled by the programmable PIC. All signal 

received by the PIC from the robot will be processed and 

executed to fulfil the mission of the robot. Robot will monitor 

the work area by performing random movements; it as an 

alternative medium used by humans, especially the fireman 

to fight with fire. 

II. OBJECTIVE 

A. Motivation & Initial Research 

There are numerous circumstances where a fire can start in an 

industry or in any remote place. 

According to Fire Risk Survey (FRS) 2013 carried 

out by Pinkerton and Federation of Indian Chambers and 

Industry, in India, fire accounted for 8.45% of the overall 

ranking of risks and around 25,000 persons died due to fires 

and related causes. FSR also revealed that fires been rated as 

the 5th highest risk in industry in 2013. 

According to statistics released by National Crime 

Records Bureau, fire accounts for about 5.9% (23,281) of the 

total deaths reported due to natural and un-natural causes 

during the year 2012. Probably many of those deaths could 

have been prevented, had we taken enough fire protection 

measures. 

No comprehensive data on the loss suffered by 

Indian economy on account of fires is available. However, 

according to one estimate the major losses reported by Indian 

Insurance Companies in the year 2007-2008 indicate that 

about 45% of the claims (around ₹1000 crores) are due to fire 

losses. Robotics is our compelling solution and has brought 

new opportunities for us to combine emerging sensors and 

computing technologies with building control systems and 

sturdy firefighting equipments and apparatuses. 

This project will demonstrate how to reverse this 

situation and help achieve that potential. 

The results of this project will: 

1) Mitigate total social costs of fires at both community and 

industry scales. 

2) Provide a game plan on fire protection and prevention 

technologies. 

B. Aim 

The main motive of our project is to design and manufacture 

an   affordable, more precise and smarter fire extinguishing 

mechanism that can detect any fire in its early stages, go to 

the source of the fire and put it out. Fire extinguishing robot 

that has designed using firebird V incorporates the various 

branches of a mechatronics system which are electrical and 

computer. To determine the direction of the fire is done by 

the flame sensor (electrical), the microcontroller (computer) 

acts on the flame sensor values to activate the vehicle motors 

(mechanical) which tracks the fire and extinguished. The 

operational process starts by identifying the direction of the 

incoming fire by the flame sensor and smoke detector 

Fire Fighting Robot guided by these following objectives: 

1) To find out the use of multiple sensors for various 

sensing on the robot. 

2) To design a program that is compatible to implement the 

objective of this project and embed that program on robot 

by using the ATMEGA2560 as the main control system 

design. 

3) To design a robot that is able to avoid obstacles, detect 

fire next extinguish fire. 

C. Challenges Experienced & Strategies Utilized 

1) Firebird V has three white line sensors which give analog 

output. We used ATMEGA 2560 microcontroller’s ADC 

(Analog to Digital Converter) to convert these analog 

values into digital values. 

2) To reduce the efforts of converting the analog value 

acquired from sensor to a digital value, we have used 

flame sensor J35 which directly outputs a digital value 

from pin D0 (0, if flame is detected, otherwise 1). Thus 

ADC conversion is not required. 



Automatic Fire Detection Robot 

 (IJSRD/Vol. 6/Issue 02/2018/766) 

 

 All rights reserved by www.ijsrd.com 2816 

3) For proper operation of code, the crystal frequency value 

of 14745600 was explicitly declared into the program as 

a preprocessor directive. The optimization level was set 

to “-O0”. 

4) The fire detecting part of the robot was faced with a 

serious dilemma. The flame sensor detects the presence 

of flame according to its light intensity. However, when 

the light intensity of a certain flame (“diyaa”, an oil lamp 

made of clay) was below its threshold value, the robot 

circumnavigated and left the flame undetected. 

5) To guarantee accuracy during turning, soft turns were 

utilized. 

6) When the robot was powered by Auxiliary power which 

can supply only 1 A of current, a sudden change in 

direction of any of the two motors resulted in sudden 

voltage drop. To overcome this, a delay of few seconds 

was introduced before changing its direction. This has 

also helped in increasing the operational time of a fully 

charged battery. 

III. LITERATURE REVIEW 

Industrial fire is an industrial disaster that happens in an 

industrial arena and more often than not, consists of 

explosions. There are magnitude of materials and 

commodities caused to industrial fire disaster such as 

chemical products, rubber, plastic, petroleum, wood, clothes, 

computer parts, furniture etc. Despite knowledge of safety 

regulations and protocols, industries all over the world still 

encounter frequent explosion and fire hazards (Mishra et al., 

2013). 

These types of fires generally results in 

environmental pollution and expanding the spectrum of 

carcinogenic substances (Haukur et al., 2010). 

Fire accidents may occur due to different reasons 

ranging from a machine error to personal mistake. The 

common causes of industrial fire hazards are as follow: 

(Anonymous, 2005): 

1) Storing the chemicals in inappropriate conditions. 

2) Keeping flammable and combustible materials close to 

ignition sources. 

3) Keeping conflicting chemicals close to each other. 

4) Dirty flammable liquids. 

5) 5. Electrical equipment in worst conditions. 

6) Overloading electric circuits. 

7) Keeping hot equipment close to combustible materials. 

8) Overheating electrical equipment. 

9) Smoking. 

10) Not keeping the work area free of trash, combustible 

scraps and other debris. 

11) Keeping machines dusty and oily. 

12) Not reporting fire hazards. 

A. Structural Firefighting Mechanisms 

Eliminate fire outbreak can be a tough job and it requires 

reducing the area of the burning region by suppressing the fire 

through depriving it of fuel, heat, or oxygen. There are 

various ways and instruments designed to douse a fire but the 

most common ones are the fire extinguisher, fire suppression 

systems and sprinkler systems. 

1) Portable Fire Extinguisher 

This is the a portable and widely used fire control device 

which is made up of a pressurized cylindrical container 

housing an agent in liquid or powder form that can be 

discharged to put off a fire. The portable fire extinguisher 

(Figure 2.1.1) is used generally at the inception stage of the 

fire, when the fire is not out of control. It can be found in most 

building structures. Different types of the extinguisher 

include water based, foam based, CO2 based, CFC based and 

dry chemical based (mostly used) and they are applied 

according to the type of fire (class A-D). 

 
Fig. 1: Fire Extinguisher 

2) Sprinkler Systems 

Sprinkler systems (Figure 2.1.3) basically sprinkles anti-fire 

agent when fire is sensed. According to Wikipedia (2015), 

“They are usually located at ceiling level and are linked to a 

reliable water source, most usually city water”. Wikipedia 

further explains that, “A typical sprinkler system operates 

when heat at the location of a fire causes a glass component 

in the sprinkler head to fail, thereby releasing water from the 

sprinkler head”. It is incorporated in all types of buildings, 

commercial and residential. 

 
3) Firefighting Systems Restrictions 

a) First Extinguisher 

In a fire outbreak, most people panic and try to leave the place 

instead of fighting the fire, allowing it to spread and cause 

more damage. Also, if the fire is situated at the area where the 

device has been kept, it will be unreachable and therefore 

pointless. 

b) Fire Suppression & Sprinklers Systems 

They are very expensive, complex to implement and the 

shower anti-fire agent sprinkled around has a high chance of 

destroying documents and machineries in that environment. 

4) Firefighter Robot Solution 

As a result of these limits research are been made into the 

possibilities of firefighting robots. Information about 

published researches will be discussed; however, fire 
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detection and extinguishing robot can't be fully discuss 

directly unless the term robot is explained. Robot describe 

any man-made automatic, usually electro mechanical system 

that is programmed, guided or commanded by an electronic-

circuitry or a computer to perform some specific functions 

ranging from light duties such as vacuum cleaning to heavy 

duties such as moving an airplane 

IV. SYSTEM ANALYSIS 

A. Hardware Specification 

1) Firebird V Robot 

The Fire Bird V robot is the 5th in the Fire Bird series of 

robots. First two versions of the robots were designed for the 

Embedded Real-Time Systems Lab, Department of 

Computer Science and Engineering, IIT Bombay. Theses 

platforms were made commercially available from the 

version 3 onwards. All the Fire Bird V series robots share the 

same main board and other accessories. Different family of 

microcontrollers can be added by simply changing top 

microcontroller adaptor board. 

Fire Bird V supports ATMEGA2560 (AVR), 

P89V51RD2 (8051) and LPC2148 (ARM7) microcontroller 

adaptor boards. This modularity in changing the 

microcontroller adaptor boards makes Fire Bird V robots very 

versatile. User can also add his own custom designed 

microcontroller adaptor board. 

 
Fig. 3: FireBird V ATMega2560 Robot 

2) Flame Sensor 

The flame sensor, as the name suggests, is used as a simple 

and compact device for detection of flames. The module 

makes use of IR sensor and comparator to detect fire flame 

up to a range of 100 meters. The device, weighing about 5 

grams, can be easily mounted on the device body. It gives a 

high output on detecting flames. This output can then be used 

to take the requisite action. 

An on-board LED is also provided for visual 

indication. It is provided with three pins VCC, ground, D0 

(digital output). 

 
Fig. 3: Flame Sensor 

B. Software Specification 

1) Language used: - Embedded C 

2) Advantages of Embedded C: 

a) It is easier to understand. 

b) Hardware price of embedded c systems are usually low. 

c) Embedded application are very appropriate for industrial 

purposes. 

1) Software’s used 

a) WIN AVR 

This uses WIN AVR open source C compiler at back end. It 

has many attractive functions like built-in In-Circuit 

Emulator and AVR instruction set simulator. After lettering 

and compiling the program it gives “.hex” file. This “.hex” 

file wants to be a loaded on robot using In System 

Programmer. 

b) AVR Boot Loader 

Almost all the AVR microcontroller based robots and 

development boards from the Robotics supports this boot 

loader. 

V. IMPLEMENTATION & OPERATION 

ATmega2560 microcontroller provides liberty to use 86 pins 

out of 100 pins as general purpose I/O pins to connect various 

peripherals. Availability of 86 pins as I/O pins make 

ATmega2560 microcontroller a feasible microcontroller to 

complex embedded systems. It has six flexible timer / counter 

with compare mode, a PWM generator, a 16 channel 10 bit 

ADC (analog to digital converter) and four USARTs 

interface. ATmega2560 is supported with Atmel Touch 

library which enable it to provide capacitive touch input as 

well as sliders and wheels functionality [5][7]. 

Atmel provide an integrated development 

environment (IDE) (Atmel Studio / AVR Studio) and a strong 

library support to make easy and rapid development of system 

on ATmega2560. In our work we use AVR Studio with 

Embedded C to make program. All the ports of ATmega2560 

microcontroller have three associated I/O registers called 

DDRx, PORTx, and PINx. Where x is port name A to L 

except I. 

 
Fig. 4: Block Diagram of Proposed System 
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We are using the fire sensor J35. It will detect the 

fire on wavelength 760nm~1100nm and can detect the flame 

from the distance of 100 cm. It is rotated in angle of 60 

degrees of detection of fire. Its working voltage is 3.3 to 5 

volts. 

The output of the fire sensor is active low (flame 

present: 0, no flame: 1), its mounting holes diameter is 3mm 

for M3 screw. The dimensions of fire sensor is 31mm 

(Length) x 14.10mm (Width) x 1.60mm (PCB Thickness). 

The overall dimension of fire sensor including IR sensor and 

header pins 46.27mm (L)x 7.5mm (H). 

 
Fig. 5: Flowchart Illustrating Workflow of Robot. 

VI. ALGORITHM 

1) Step 1: Start 

2) Step 2: Switch on the Firebird V kit. 

3) Step 3: The white line sensors and the fire sensor are 

activated. 

4) Step 4: Check whether the center white line sensor is on 

white line. 

5) Step 5: If center white line sensor is on white line move 

forward. 

6) Step 6: Else it will adjust either left white line sensor or 

right white line sensor according to the values then move 

forward. 

7) Step 7: Robot follow the path according to the white line. 

8) Step 8: Detect the fire in the path. 

9) Step 9: If the fire is detected then buzzer on. 

10) Step 10: Else fire is not detected then go to step 4. 

11) Step 11: Stop. 

 

 
Fig. 6: Firebird V Sensing Presence of Fire in its 

Surrounding 

VII. CONCLUSION 

For the development of the proposed system we know about 

the problems with existing system fire detection robot is 

specifically designed for help humans, especially for firemen 

in the face of extinguishing fire situation. This robot uses can 

be applied at home or residential depending on how its 

operation. No matter it is used by firemen or individuals, the 

goal is only one which is to save lives when against the fire. 

In the present condition it can detect fire only in the 

way and not in all the rooms. It can be extended to a real fire 

extinguisher by adding the gripper on the robot with holding 

the carbon-di-oxide carrier and by making it to extinguish 

fires of all the room using microprogramming. 
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