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Abstract— Now a days there are several possibilities of fire 

in any building. For instance, in hotels, shopping malls and 

hospitals, electric leakage may cause immense fire and 

harm. In the worst of sceneries, fire cause heavy loss to 

human lives. Robotics is the best possible way to guard 

human lives, wealth and surroundings. Hence a fire 

extinguisher robot made to overcome these problems. An 

automatic fire extinguisher robot is a hardware based model 

used for extinguishing the fire automatically during fire 

accidents. This robot will move in a direction with respect to 

the fire intensity with the help of ZIGBEE communication. 

The robot shield is coated with some special material that is 

capable of withstanding very high temperature. During fire 

accidents this robot has to follow the black strips on a white 

floor and can extinguish the fire on the fired place. It takes 

long time for human to take action on extinguishing the fire. 

Even if we put fire alarms, it takes long time for the fire 

brigade to reach the location. By that time it can cause huge 

loss of properties. This robot does not require any human 

presence. It can start extinguishing the fire immediately so 

that the fire does not spread a lot and can be controlled 

easily. As soon as the fire starts, human fire brigade is also 

informed to be on the safe side. The robot finds its 

applications in rescue operations during the fire accidents 

where possibilities for service men to  enter the fire prone 

area is very less and also during wars to perform rescue 

functions. The most added advantage of this robot is that it 

turns on automatically as it detects the fire around its 

surroundings by using thermocouple. The temperature 

sensors provide a backup to the thermocouple, if needed in 

vast circumstances. 
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I. INTRODUCTION 

Fire is the rapid oxidation of a material in the exothermic 

chemical process of combustion, releasing heat, light, and 

various reaction products. Slower oxidative process like 

rusting or digestion is not included by this definition. 

Fire is hot because the conversion of the weak 

double bond in molecular oxygen, O2, to the stronger bonds 

in the combustion products carbon dioxide and water 

releases energy (418kj per 32g of O2); the bond energies of 

the fuel play only a minor role here. At a certain point in the 

combustion reaction, called point in the combustion 

reaction, called the ignition point, flames are produced. The 

flame is visible portion of the fire. A flame consists 

primarily of carbon dioxide, water vapor, oxygen and 

nitrogen. If hot enough, the gases may become ionized to 

produce plasma. Depending on the substance alight, and any 

impurities outside, the color of the flames and fire’s 

intensity will be different. 

Fire is most common from can result in 

conflagration, which has the potential to cause physical 

damage through burning. Fire is an important process that 

affects ecological systems around the globe. The positive 

effects of the fire include stimulating growth and 

maintaining various ecological systems.  

The negative effects of the include hazard to life 

and property, atmospheric pollution, and water 

contamination. If fire removes protective vegetarian, heavy 

rainfall may lead to an increase in soil erosion by water. 

Also when vegetarian is burned, the nitrogen it contains is 

released into atmosphere, unlike elements such as potassium 

and phosphorous which remains in the ash and they are 

quickly recycled into the soil. This loss of nitrogen caused 

by a fire produces a long term reduction in the fertility of the 

soil, which only slowly recovers as nitrogen is fixed from 

the atmosphere by lightning and by leguminous plants such 

as clover. 

Fire has been used by humans in rituals, in 

agriculture for cleaning land, for cooking, generating heat 

and light, for signaling, propulsion purposes, smelting, 

forging, incineration of wastes, cremation, and as a weapon 

or mode of destruction. 

A. Robot  

A robot is a machine especially one programmable by a 

computer capable of carrying out a complex series of actions 

automatically. Robots can be guided by an external control 

device or the control may be embedded within. Robots may 

be constructed to take on human form but most robots are 

machines designed to perform a task with no regard to how 

they look. In other words a robot is a machine designed to 

execute one or more tasks repeatedly, with speed and 

precision. 

Robots can be autonomous or semi-autonomous 

and range from humanoids such as Honda's Advanced Step 

in Innovative Mobility (ASIMO) and TOSY's TOSY Ping 

Pong Playing Robot (TOPIO) to industrial robots, medical 

operating robots, patient assist robots, dog therapy robots, 

collectively programmed swarm robots, UAV drones such 

as General Atomics MQ-1 Predator, and even microscopic 

nano robots. By mimicking a lifelike appearance or 

automating movements, a robot may convey a sense of 

intelligence or thought of its own. Autonomous Things are 

expected to proliferate in the coming decade, with home 

robotics and the autonomous car as some of the main 

drivers. 

The branch of technology that deals with the 

design, construction, operation, and application of robots, as 

well as computer systems for their control, sensory 

feedback, and information processing is robotics. These 

technologies deal with automated machines that can take the 

place of humans in dangerous environments or 

manufacturing processes, or resemble humans in 

appearance, behavior, or cognition. Many of today's robots 

are inspired by nature contributing to the field of bio-
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inspired robotics. These robots have also created a newer 

branch of robotics: soft robotics. 

Robots have replaced humans in performing 

repetitive and dangerous tasks which humans prefer not to 

do, or are unable to do because of size limitations, or which 

take place in extreme environments such as outer space or 

the bottom of the sea. There are concerns about the 

increasing use of robots and their role in society.  

Robots are blamed for rising technological 

unemployment as they replace workers in increasing 

numbers of functions. The use of robots in military combat 

raises ethical concerns. The possibilities of robot autonomy 

and potential repercussions have been addressed in fiction 

and may be a realistic concern in the future. 

1) Types of Robot 

Now day’s robots do a lot of different tasks in many fields 

and the number of jobs entrusted to robots is growing 

steadily. That’s why in my option one of the best way how 

to divide robots into a division by their application. There 

are, 

 Industrial Robot 

 Domestic Robot or Household Robot 

 Medical Robot 

 Service Robot 

 Military Robot 

 Fire Extinguish Robot 

2) Fire Extinguish Robot 

Fire extinguishing robot reduces the risk of firefighting. The 

fire sensor helps the detect fire and smoke, etc. These types 

of robots are very helpful for fire squad. 

  An automatic fire extinguisher robot is a hardware 

based model used for extinguishing the fire automatically 

during fire accidents. This robot will move in a direction 

with respect to the fire intensity with the help of ZIGBEE 

communication. The robot shield is coated with some 

special material that is capable of withstanding very high 

temperature. During fire accidents this robot has to follow 

the black strips on a white floor and can extinguish the fire 

on the fired place. It takes long time for human to take 

action on extinguishing the fire. Even if we put fire alarms, 

it takes long time for the fire brigade to reach the location. 

By that time it can cause huge loss of properties. This robot 

does not require any human presence.  

It can start extinguishing the fire immediately so 

that the fire does not spread a lot and can be controlled 

easily. As soon as the fire starts, human fire brigade is also 

informed to be on the safe side. The robot finds its 

applications in rescue operations during the fire accidents 

where possibilities for service men to  enter the fire prone 

area is very less and also during wars to perform rescue 

functions. The most added advantage of this robot is that it 

turns on automatically as it detects the fire around its 

surroundings by using thermocouple. 

3) Feature 

 The robot can move both forward and reverse 

direction and can turn in both left and right 

direction. 

 The movement of the robot is controlled by IR 

sensors. 

 It can sense the fire using fire sensors. 

 It accumulators a water tank and water pump to 

extinguishing fire. 

 A 12v battery is used to drive the circuitry. 

4) Application 

 Chemical Industries  

 Shopping malls  

 Buildings 

 Gas Industries  

 Petrol bunk 

 Cotton Industries 

II. DESCRIPTION OF THE PROJECT 

A. Block Diagram of Fire Detection and Extinguishing 

Robot 

 
Fig. 1: Robot Module 

 
Fig. 2: Fire Sensing Module 

The block diagram consists of 

 Input section 

 Control section 

 Output section. 

1) Input Section 

The input section consists of 

 Temperature sensor LM35 

 Arduino UNO 

 2.4GHz Zigbee transceiver   

 IR sensor  

 Sharp IR sensor 

 Line follower sensor 

B. LM35 Temperature Sensor 

LM35 is an integrated circuit sensor that can be used to 

measure temperature with an electrical output proportional 

to the temperature in Celsius. Compared to thermistor, this 

component gives more accurate result and generates higher 

voltage than thermocouples which may not require output 

amplifier 

The scale factor for this sensor is .01V/oC and 

doesn’t require any external calibration or trimming and 

maintains an accuracy of +/-0.4 oC at room temperature and 

+/-0.8 oC over range of 0oC to 100 oC. It has three leg: 

VCC, V-out, GND. The VCC is input voltage to supply the 

IC. The V-out is the pin which output the result temperature 

reading. The GND is ground. 
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Fig. 3: Pin Diagram of LM35 Sensor 

1) Control Section 

The control section consists of 

 ATmega2560 microcontroller 

 DC geared motor 

a) ATmega2560 Microcontroller 

The ATmega2560 provides the following features: 

64K/128K/256K bytes of In-System Programmable Flash 

with Read-While-Write capabilities, 4Kbytes EEPROM, 

8Kbytes SRAM, 54/86 general purpose I/O lines, 32 general 

purpose working registers, Real Time Counter (RTC), six 

flexible Timer/Counters with compare modes and PWM, 

four USARTs, a byte oriented 2-wire Serial Interface, a 16-

channel, 10-bit ADC with optional differential input stage 

with programmable gain, programmable Watchdog Timer 

with Internal Oscillator, an SPI serial port, IEEEstd. 1149.1 

compliant JTAG test interface, also used for accessing the 

On-chip Debug system and programming and six software 

selectable power saving modes. The Idle mode stops the 

CPU while allowing the SRAM, Timer/Counters, SPI port, 

and interrupt system to continue functioning. The Power-

down mode saves the register contents but freezes the 

Oscillator, disabling all other chip functions until the next 

interrupt or Hardware Reset. In Power-save mode, the 

asynchronous timer continues to run, allowing the user to 

maintain a timer base while the rest of the device is 

sleeping. The ADC Noise Reduction mode stops the CPU 

and all I/O modules except Asynchronous Timer and ADC, 

to minimize switching noise during ADC conversions. In 

Standby mode, the Crystal/Resonator Oscillator is running 

while the rest of the device is sleeping. This allows very fast 

start-up combined with low power consumption. In 

Extended Standby mode, both the main Oscillator and the 

Asynchronous Timer continue to run. 

 
Fig. 4: Pin Diagram of ATMEGAA2560 

C. DC Gear Motor 

Geared DC motors can be defined as an extension of DC 

motor which already had its Insight details demystified. A 

geared DC motor has a gear assembly attached to the motor. 

The speed of motors is counted in terms of the shaft per 

minute and is termed as RPM. The gear assembly helps in 

increasing the torque and reduced the speed. Using the 

correct combination of gears in a gear motors, its speed can 

be reduced to any desirable figure. This concept where gears 

reduce the speed of the vehicle but increase its torque is 

known as reduction. This Insight will explore all the minor 

and major details that make the gear head and hence the 

working of geared DC motor 

The DC motors works over a fair range of voltage. 

The higher the input voltage more is the RPM (rotations per 

minute) of the motor. For example, if the motor works in the 

range of 6-12V, it will have the least RPM at 6V and 

maximum at 12V. In terms of voltage, we can put the 

equation as: 

RPM=K1×V 

where, 

K1=induced voltage constant, V=voltage applied. 

1) Working Principle of DC Gear Motor 

The working of the gears is very interesting to know. It can 

be explained by the principle of conservation of angular 

momentum. The gear having smaller radius will cover more 

RPM then the one with larger radius. However, the larger 

gear will give more torque to the smaller gear then vice 

versa. The comparison of angular velocity between input 

gear (the one that transfers energy) to output gear gives the 

gear ratio. When multiple gears are connected together, 

conservation of energy is also followed. The direction in 

which the other gear rotates is always the opposite of the 

gear adjacent to it.In any DC motor, RPM and torque are 

inversely proportional. Hence the gear having more torque 

will provide a lesser RPM and converse. In a geared DC 

motor, the concept of pulse width modulation is applied. 

The equations detailing the working and torque transfer of 

gears are shown below: 

Tin Win=Tout W out, Where 

Tin=input torque by the driver gear 

Win=angular speed of the driver gear 

Tout=output torque of the driven gear 

Wout=angular speed of the driven gear 

In a geared DC motor, the gear connection the 

motor and the gear head is quite small, hence it transfer 

more speed to the larger teeth part of gear head and makes it 

rotate. The larger part of the gear further turns the smaller 

duplex part. The small duplex part receives the torque but 

not the speed from its predecessor which it transfers to 

larger part of other gear and so on. The third gear’s duplex 

part has more teeth then others and hence it transfers more 

torque to the gear that is connected to the shaft.    

2) Output section 

The output section consists of, 

 Water pump 

 LCD 

 Buzzer 

 Zigbee transceiver module 

a) Water pump motor 

A submersible pump (or sub pump, electric submersible 

pump (ESP)) is a device which has a hermetically sealed 
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motor close-coupled to the pump body. The whole assembly 

is submerged in the fluid to be pumped. The main advantage 

of this type of pump is that it prevents pump cavitation’s’, a 

problem associated with a high elevation difference between 

pump and the fluid surface. Small DC Submersible water 

pumps push fluid to the surface as opposed to jet pumps 

having to pull fluids. Submersibles are more efficient than 

jet pumps. 

b) LCD display 

LCD means liquid crystal display. It is used to display the 

action of the robot. It has 16x2 display size. That means 16 

rows and 2 columns. If the fire is not detected” NO FIRE IS 

DETECTED” is print for the display. If the fire is detected 

“FIRE IS DETECTED” is displayed for the LCD display. 

c) Buzzer 

A buzzer or beeper is an audio signaling device, which may 

be mechanical, electro mechanical, or piezoelectric. Typical 

uses of buzzers and beepers include, alarm devices, timers 

and confirmation of user input such as a mouse click or 

keystroke 

 
Fig. 5: LCD Block Diagram 

 
Fig. 6: Symbol of Buzzer 

3) Mechanical 

A joy buzzer is an example of purely mechanical buzzer. 

4) Electromechanical 

Early devices were based on an electro mechanical system 

identical to an electric bell without the metal gong. 

Similarly, a relay may be connected to the interrupt its own 

actuating current, causing the contacts to buzz. Often these 

units were anchored to a wall or ceiling to use it as a 

sounding board. The word “buzzer” comes from the rasping 

noise that electromechanical buzzers made. 

5) Zigbee Transceiver Module 

In this present communication world, there are numerous 

high-data rate communication standards that are available, 

but none of these meet the sensors and control devices 

communication standards. These high-data rate 

communication standards require low-latency and low-

energy consumption even at low bandwidths. The available 

proprietary wireless systems Zigbee technology is low-cost 

and low-power consumption and its excellent and superb 

characteristics make this communication best suited for 

several embedded applications, industrial control systems, 

and home-automation systems, and so on.  

Zigbee communication is specially built for control 

and sensor networks with IEEE 802.15.4 standard for 

wireless personal area networks (WPANs), and it is the 

product of the Zigbee Alliance. This communication 

standard defines physical and Media Access Control (MAC) 

layers to handle many devices at low-data rates. These 

Zigbee’s WPANs operate at 868 MHz, 902-928MHz and 

2.4 GHz frequencies. The data rate of 250 kbps is best suited 

for periodic as well as intermediate two-way transmission of 

data between sensors and controllers. Zigbee is low-cost and 

low-powered mesh network widely deployed for controlling 

and monitoring applications wherein it covers 10-100 meters 

within the range. This communication system is less 

expensive and simpler than the other proprietary short-range 

wireless sensor networks such as Bluetooth and WI-Fi.   

 
Fig. 7: Pin Diagram of Zigbee S2Module 

Zigbee supports different network configurations 

for master to master or master to slave communications. 

And also, it can be operated in different modes, as a result, 

the battery power can be conserved. Zigbee networks are 

extendable with the use of routers and allow many nodes to 

interconnect with each other for building a wide area 

network. Zigbee addresses the periodic and intermittent data 

at application defined rates and low-latency repetitive data 

by allocating time slots. The beacon system handles Periodic 

data (sensor data). The intermittent data (light switch) is 

handled either by beaconless system or in disconnected 

fashion, and the guaranteed time slots are for low-latency 

data applications. 
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III. WORKING OF THE PROJECT 

A. Circuit Diagram 

 
Fig. 8: Connection Diagram of Receiver Section 

 
Fig. 9: Connection diagram for transmitter section 

B. Working Principle 

 An external board is fixed at the building, and that has 

the following, 

 Each room in the building has separate RFID tags.  

 The output of the LM35 sensors are connected with the 

Arduino UNO, 

 The RFID tags and a ZIGBEE transmitter are also 

connected with it. 

 When the temperature goes above 120 degree the sensor 

senses and that analog data is given to the Arduino 

UNO. 

 The Arduino transmits the  appropriate RFID tag to the 

robot via  ZIGBEE communication  

 The receiver unit is built within the robotic vehicle, 

 The transmitted data will be received by the ZIGBEE 

receiver. 

 The received information is fed to the ATMEGA2560 

microcontroller, 

 And the microcontroller controls the motor drivers and 

sensors for movement of the robotic vehicle. 

 The robot detects the fire prone area on the building 

using RFID reader. 

 Once the robot  reaches the fire prone area it stops and 

activate sprayer to  that fire 

 After extinguishing the fire it goes to initial position. 

C. Flow Chart 

 
Fig. 10: Flow Chart 

D. Programs  

1) Transmitter section: 

int val; 

int tempPin = 1; 

void setup() 

{ 

Serial.begin(9600); 

} 

void loop() 

{ 

val = analogRead(tempPin); 

float mv = ( val/1024.0)*5000;  

float cel = mv/10; 

float farh = (cel*9)/5 + 32; 

 

Serial.print("TEMPRATURE = "); 

Serial.print(cel); 

Serial.print("*C"); 

Serial.println(); 

12delay(1000); 

 if(cel<30) 

  { 

    Serial.print("020FB29D22"); 

  } 

 

/* uncomment this to get temperature in farenhite  

Serial.print("TEMPRATURE = "); 

Serial.print(farh); 

Serial.print("*F"); 

Serial.println(); 

*/ 

} 

2) Program for Interfacing rfid reader with 

ATMEGA2560: 

void setup() 

{ 
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  Serial.begin(9600); 

} 

void loop() 

{ 

  if(Serial.available()) 

 

    // Reset count to zero// Keep reading Byte by Byte from 

the Buffer till the Buffer is empty 

    { 

      char input = Serial.read(); 

      Serial.print(input); 

      delay(5); // 

    } 

  } 

3) Receiver section: 

void setup() 

{ 

  pinMode(3, OUTPUT); //pump motor 

  pinMode(13, OUTPUT); 

  pinMode(12, OUTPUT); 

  pinMode(11, OUTPUT); 

  pinMode(10, OUTPUT); 

  pinMode(6, INPUT); //1ir 

  pinMode(7, INPUT); //2ir 

  Serial1.begin(9600);// available xbee data 

  Serial2.begin(9600);// availabe rfid data 

} 

 

void loop() 

{ 

   int a = digitalRead(6); 

  int b = digitalRead(7); 

  //while (Serial1.available()) 

  //{ 

    //int xvalue=Serial1.read(); 

    //Serial1.print(xvalue); 

    //{ 

      //if (a == 1 && b == 1) //forward 

      //{ 

       // digitalWrite(13, HIGH); 

        //digitalWrite(12, LOW); 

        //digitalWrite(11, HIGH); 

        //digitalWrite(10, LOW); 

        //Serial.println("motor forward"); 

      //} 

       if (a == 0 && b == 1) //right 

      { 

        digitalWrite(13, HIGH); 

        digitalWrite(12, LOW); 

        digitalWrite(11, LOW); 

        digitalWrite(10, LOW); 

        Serial.println("motor right"); 

      } 

      else if (a == 1 && b == 0) //left 

      { 

        digitalWrite(13, LOW); 

        digitalWrite(12, LOW); 

        digitalWrite(11, HIGH); 

        digitalWrite(10, LOW); 

        Serial.println("motor left"); 

      } 

      else if (a == 0 && b == 0) //stop 

      { 

        digitalWrite(13, LOW); 

        digitalWrite(12, LOW); 

        digitalWrite(11, LOW); 

        digitalWrite(10, LOW); 

        Serial.println("motor stop"); 

      } 

      if (Serial2.available()) 

      { 

          char input = Serial.read();; 

          Serial.print(input); 

          delay(500); // 

    } 

      if (Serial2.available() == "02000FBIF04C") 

      { 

        digitalWrite(13, LOW); 

        digitalWrite(12, LOW); 

        digitalWrite(11, LOW); 

        digitalWrite(10, LOW); 

        analogWrite(3, HIGH); 

        analogWrite(3, LOW); 

      } 

    } 

IV. CONCLUSION 

In the fire detection and extinguishing robot project, the aim 

was to develop a system that detects and extinguishes the 

fire before the fire starts and informs the electronic 

environment. In this project, targets are microcontroller and 

motor control with reductive motor, black line following 

with IR sensor, flame detection with temperature sensor 

(LM35), ZIGBEE communication.   

The robot which is designed as a result of this 

study communicates with the zigbee s1 through the serial 

port via the serial port and processes the analog and digital 

data received from the sensors in the microcontroller control 

so as to determine the fire in the environment while 

determining the fire in the environment. In this work, a 

system that works successfully both hardware and software 

has been realized.  

This system "fire detection and extinguishing 

robot" is capable of being used in everyday life if more 

professionals are selected instead of the elements used in the 

project. This can be easily used in closed parking lots, 

supermarkets, stores, shops. By the fire extinguishers which 

can be added to the robot, the fire can be firstly intervened 

and most of the fire can be extinguished without any growth. 

Among the changes that can be made is the provision of 

safety of the robot by using non-combustible materials, the 

increase of the number of sensors for obstacle detection and 

the increase of the quality of the batteries used for the longer 

life of the robot's energy. In our work, fire extinguishing 

was done with the help of fans only. However, there are 

many alternatives in this regard.  

There are many applications such as water 

spraying, fire extinguisher gel tightening with the help of 

servo motors. However, we chose not to extinguish it with 

the wind which is most suitable for both time and material 

work. This method may not be effective for every oil 

intervention, but may even be dangerous for some oils. In 

this sense, it is possible to think of many alternatives for this 

part of robotics. 
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