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Abstract— Fire is the rapid oxidation of a material in the 

exothermic chemical process of combustion, releasing heat, 

light, and various reaction products. Fire is extraordinarily 

helpful. It gave humans the first form of portable light and 

heat. It also gave us the ability to cook food, forge metal tools, 

form pottery, harden bricks and drive power plants. With the 

help of fire humans make their life comfortable. But along 

with the comfort sometimes it becomes a catastrophe for 

human being. There are different fire accidents taken place 

all over the world. The negative effects of fire include hazard 

to life and property, atmospheric pollution, and water 

contamination. Hence to avoid the loss due to fire the 

protection systems must be used. This paper describes these 

protection systems along with the increasing popular system 

is wireless sensor networks (WSN). 
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I. INTRODUCTION 

Fire is all time a source of comfort and catastrophe for human 

being. Fire is always helpful for human being, which is first 

source of light for human being. It is used for different 

applications by human being. But along with the comfort, 

sometime it becomes a hazard to the human being, animals 

and also the environment. There are different fire accidents 

done in different fields such as in industries, forest fires, coal 

mine fires, residential fires, chemical industries fires etc. 

Wildfire or wild land fire is any uncontrolled burning of 

natural vegetation such as grass, shrub, forest timber, litter 

and slash in the wilderness area. When the vegetation layer is 

more precisely known, the more specific names could be used 

like forest fire, grass fire or bush-fire. Wildfires represent a 

constant threat to ecological systems, infrastructure and 

human lives [6]. 

In 2016, forest fires have been noted in numerous 

places across the Indian state of Uttarakhand. These fires set 

mainly in pine forests in the slopes of the sub-Himalayan 

region, produced clouds of smoke. The forest department 

estimated that 3,500 hectares (8,600 acres) of forest had been 

burnt. Nearly 1,600 incidents of fires were detected which 

were brought under control by 2 May. The rains on 3 May 

helped to reduce the impact of the fires. Fires destroy 

biodiversity directly and have more indirect long-term 

impacts including the encouragement of fire and pioneer 

species. It has been suggested that the dark carbon dust 

emitted by the fires deposited on Himalayan glaciers could 

hasten their melting. This could affect the hydrology of the 

rivers that are a source of water for human populations in 

northern India. The average temperature of northern India 

saw increase of 0.2 °C. This year in 2017, 236 cases of forest 

fires affecting 333.34 hectare area have already been reported 

by the government officials. The Forest Survey of India (FSI) 

estimates that 1.45 million hectares of forest land is affected 

by fires annually, with 6.17 per cent of the forests prone to 

severe fire damage. Uttarakhand has about 71 per cent of total 

geographical area (38,139 square km) under forest cover. 

 
Fig. 1: Fires in Uttarkhand Forest 

Sivakasi, in Tamil Nadu in southern India, is 

considered the "fireworks capital" of India. The town 

produces more than 90% of India's fireworks and India is the 

second largest producer of fireworks in the world. There are 

983 fireworks factories giving direct employment to about 

70000 workers and about 100000 indirect employment such 

as paper tube making, box making etc. Explosive chemicals, 

flammable materials are used in the fireworks to create the 

display of light, noise and smokes. During the production of 

the fireworks more chances of accidents can take place when 

compared to any other manufacturing industries. 

The reason is more chemicals are manually handled 

during the production of Fireworks. A statistics shows that 

out of 30 accidents 20 accidents are caused by the unsafe act 

of the workers and remaining 10 accidents are caused by the 

unsafe conditions in the factory.  Due to unsafe act 99 workers 

were died and 28 workers were died due to the unsafe 

conditions in the factory. It shows that the workers are not 

educated about the safe method of work. It should be noted 

that out of 127 fatalities 63 fatal were in the process of filling. 

It reveals that the workers are unaware of the dangers in 

handling the chemicals. [7]. The 2012 Sivakasi factory 

explosion was an explosion at the Om Sakthi Fireworks 

Industries fireworks factory in Sivakasi, India on 5 September 

2012. 40 people were killed and more than 70 injured. Hence 

the cracker industries fire is also very harmful and dangerous. 

A mining accident is an accident that occurs during 

the process of mining minerals. Thousands of miners die from 

mining accidents each year, especially from underground 

coal mining, although hard rock mining is not immune from 

accidents. Coal mining is considered much more hazardous 

than hard rock mining due to flat-lying rock strata, generally 

incompetent rock, the presence of methane gas, and coal dust. 

Most of the deaths these days occur in developing countries, 

and rural parts of developed countries. Mining accidents can 

have a variety of causes, including leaks of poisonous gases 

such as hydrogen sulfide or explosive natural gases, 

especially firedamp or methane, dust explosions, collapsing 

of mine stops, mining-induced seismicity, flooding, or 
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general mechanical errors from improperly used or 

malfunctioning mining equipment (such as safety lamps or 

electrical equipment). Use of improper explosives 

underground can also cause methane and coal dust 

explosions[5]. In India, as of 2010, 68 fires were burning 

beneath a 58-square-mile (150 km2) region of the Jharia 

coalfield in Dhanbad, Jharkhand. Mine fires started in this 

region in 1916 and are rapidly destroying the only source of 

prime cooking coal in the country. 

The chemical process industry is a highly complex 

system with diverse equipment, control schemes and 

operating procedures. When process failures occur, some 

may be recovered from, while others escalate into minor or 

major accidents and losses. The major hazards with the 

chemical process industry are explosion, fire and toxic 

release. According to the process accidental analysis for the 

period 1998-2015, the numbers of process accidents are more 

in developed countries than in developing countries. The 

number of deaths considerably less and number of injuries are 

more in developed countries than developing countries. 

Besides, numbers of deaths are considerably more in 

developing countries than developed ones [9]. 

Sr. 

No. 
Date Incident  

People 

killed 

1 
3-Dec-1984India( 

Bhopal tragedy) 

Gas 

Leak 
fire 2,500 

2 
1999 Bombay 

high 
Gas fire 0 

3 Jaipur India Oil fire 
12 deaths, 

150 injured 

Table 1 Chemical Tragedy in India 

SCDF responded to 3,871 fire calls in 2017 - this is 

the lowest number of fire calls recorded in 40 years. 68.6% of 

the total number of fires happened in residential premises 

(private and public), 12.1% occurred in non-residential 

premises (commercial, industrial, social and communal) and 

19.3% took place in non-building places (eg. vegetation, 

rubbish in open spaces, vehicles). A total of 2,657 fire 

incidents occurred in residential premises in 2017. SCDF 

responded to 467 fire incidents in non-residential premises in 

2017. There were a total of 747 fire incidents in non-building 

premises in 2017. This all statics shows that fire is also a main 

concern to take care. There is different protection systems 

used for fire prevention. The next session of paper describe 

these prevention systems. 

Fire Protection systems: 

1) There is different fire protection systems used now days. 

This section describes these systems. Before that we 

must know the fire classification. Fire is classified in 

following section. 

2) Class A Fire: solid combustible materials of organic 

nature such as wood, paper, rubber, plastics, etc. 

3) Class B Fires: flammable liquids gasoline, oil, grease, 

paint, and acetone. Flammable gases under pressure 

including liquefied gases. 

4) Class C Fires: Electrical fires 

5) Class D Fires: combustible metals, such as magnesium, 

sodium, potassium, etc. 

 

According to the class of fire the fire extinguisher is used. The 

next session explains the different fire protection systems. 

A. Fire Extinguisher 

Each class of fire A, B, C, and D has a different source of fire. 

Some principles apply to putting out all fires. However, 

certain fire extinguishers used in specific classes of fires. 

Class A fires can be extinguished with water. A Class A 

extinguisher is typically either a pressurized can of water that 

can be sprayed on a fire or a container of water with a pump 

mechanism. An alternative method of extinguishing a Class 

A fire is to smother it with a blanket, a gloved hand, or other 

material. A Class B fire is extinguished with carbon dioxide 

(CO2) contained in a heavy cylinder and under pressure. 

A Class C fire is extinguished with a dry chemical, 

which does not conduct electricity. The chemical is a very 

fine powder that smothers the fire when applied. Burning 

metal is very difficult to extinguish, and only Class D 

extinguishers are recommended on burning metal. Class D 

fire extinguishers are not used on any other class of fire. The 

material in a Class D extinguisher is a foam product that puts 

out the fire by replacing the oxygen near it. Fire extinguishers 

are used on small fires. But they cannot detect the fires, when 

human detects the fire then only we can apply the fire 

extinguisher. But if we cannot detect the fire at early stage 

then it make a large loss. But they are not suitable in fighting 

large or spreading fires. 

B. Sprinkler System 

Sprinkler system is one of the fire protection systems.  A 

sprinkler system is a fire extinguishing system that most times 

uses water as the extinguishing agent. Sprinkler systems will 

help to control the fire. Because fire sprinkler systems react 

so quickly, they can dramatically reduce the heat, flames and 

smoke produced in a fire. According to the National Fire 

Protection Association, when working sprinklers are present, 

the chances of dying in a fire can be reduced by 50-75% and 

the average property loss per fire is cut by 50-66%. 

 
Fig. 2: Water Sprinkler 

C. Standpipe System 

A standpipe system is piping installed in a building that 

assists to transfer water to hose connections located within 

the building for firefighting purposes. A standpipe system 

acts as a fire hydrant inside of a building. Standpipe systems 

provide a reliable water source to extinguish or control an 

interior fire in the building. 
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Fig. 3: Standpipe System 

D. Fire Alarm System 

A fire alarm system detects and alerts people when smoke or 

fire is present. The devices include smoke detectors, heat 

detectors, strobes, manual fire alarm station, fire alarm 

control panel, etc. A fire alarm system is designed to detect 

and alert people to the presence of smoke, fire, and poisonous 

gas. These devices include smoke, heat, and gas detectors, 

manual pull stations, and strobes connected to a fire alarm 

control. 

E. iForestFire - Intelligent Forest Fire Monitoring Systems 

iForestFire is integrated and intelligent video based wildfire 

surveillance and monitoring system. Wildfires are detected in 

incipient stage using advanced image processing and image 

analyses methods. Intelligent fire recognition algorithms 

analyze images automatically, trying to find visual signs of 

wildfires, particularly wildfire smoke during the day and 

wildfire flames during the night. If something suspicious is 

found, pre-alarm is generated and appropriate image parts are 

visibly marked. The operator inspects suspicious image parts 

and decides is it really the wildfire or not. The system is 

capable to work with both types of cameras: video cameras 

sensitive in visible and near IR spectra and real IR thermal 

imaging cameras, but video cameras sensitive in visible 

spectra are preferred [6]. 

Along with this there are some other techniques are 

also used for fire detection in forest. There are many ways to 

monitor forest fires. Traditionally, some personnel in a 

lookout tower located in a high point performed the 

monitoring tasks. This method of monitoring is still used in 

some countries such as US, Canada, and Australia (Towers). 

Due to difficult life condition at lookout towers and 

unreliability of human observations, some vision techniques 

such as Automatic Video Surveillance Systems (AVSS) were 

proposed to monitor small forests. More recent advances 

regarding forest fire detection is based on satellite imagery. 

Advanced Very High Resolution Radiometer (AVHRR) and 

Moderate Resolution Imaging Spectro radiometer (MRIS) are 

examples of such monitoring systems (NASA; National 

Environment Satellite; Cracknell 1997). Low spatial and 

temporal resolution of satellite imageries cause late fire 

detection and by the time fire is detected it may have grown 

large [8]. 

Paper [1] describes examine the situation of physical 

(as opposed to non-physical) fire protection systems in 

fourteen randomly selected commercial high rise buildings in 

the Nairobi CBD for fire safety optimization. Methods used 

include; physical observations, document review and 

interviews. The results of the analysis showed that portable 

fire extinguishers had the highest performance with 78.57% 

of the buildings sufficiently and suitably in terms of number, 

locations, servicing etc., while 0% of the building was 

sufficiently and/or suitably installed with a sprinkler system 

i.e. they all exhibited some deficiency in terms of coverage 

and maintenance issues. This could be associated with the 

cost factor. 

Above all the systems used in day to day life for fire 

detection. Fire extinguisher is system having different types 

according to fire classes. But when fire in small case then only 

these are used and if human cannot detect the fire then it make 

the fire blast. Water sprinkler system is also a useful system 

when it gets on but it cannot give indication to the people 

inside the fire area about the fire. Fire alarm system systems 

are useful and indicate the peoples and authority about the 

fire. Hence the alternate and the new technology for fire 

detection are used. This system is based on wireless sensor 

network (WSN). WSN is the new technology having different 

area of applications such as environment, agricultural, forest, 

industries such as cracker industries, coal mines etc. 

II. WIRELESS SENSOR NETWORKS 

Wireless sensor networks consist of sensing unit, processing 

unit and a communication unit. WSN consists of different 

sensors as per application, such as temperature sensor, 

humidity, fire, smoke, light, pressure etc. Processing units are 

microcontroller with internal memory and analog and digital 

converter. Communication unit is used to communicate with 

the operator. With all these sensors, controller and 

communication unit form the sensor node. These all the 

components are small in size hence sensor nodes also called 

as tiny node. With number of sensor nodes, these are may be 

few, hundred or thousand in count. The sensor nodes can 

communicate among themselves using radio signals. 

Wireless sensor devices can be equipped with actuators to 

“act” upon certain conditions. These networks are sometimes 

more specifically referred as Wireless Sensor and Actuator 

Networks. Hence these nodes make the wireless sensor 

networks. The architecture of WSN is shown below. 

 
Fig. 4: WSN Architecture 

The figure shows the wireless sensor network 

architecture. It consists of number of nodes, deploy in the area 

of interest. They sense the physical quantities from the area 

of interest and send them to the sink node. The sink node 

collects the data from all nodes and sends this data to the user 

through the internet. 

A sensor node is made up of four basic components 

such as sensing unit, processing unit, transceiver unit and a 

power unit. It also has application dependent additional 
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components such as a location finding system, a power 

generator and a mobilizer. Sensing units are usually 

composed of two subunits: sensors and analogue to digital 

converters (ADCs). The analogue signals produced by the 

sensors are converted to digital signals by the ADC, and then 

fed into the processing unit. The processing unit is generally 

associated with a small storage unit and it can manage the 

procedures that make the sensor node collaborate with the 

other nodes to carry out the assigned sensing tasks. A 

transceiver unit connects the node to the network. One of the 

most important components of a sensor node is the power 

unit. 

Fire is such a thing which can take place in any 

place, at any time. Forest, industries, residential places, coal 

mines, cracker industries, chemical industries etc. where fire 

take place. WSN is the technology can be deploying in such 

all harsh environments. This system is small in size and 

continuously scene the real time physical parameters. Once it 

deploy in the area of interest then it continuously work for 

long time. Hence the user gets the data from the system. 

In [2] all nodes only use temperature sensors and 

they are programmed on a certain threshold temperature, 

above it the node will send an alarm message to the sink. This 

concept relies solely on the node behavior to alert of crises 

possibility using simple node components to provide 

detection and information on whether this is a peaceful fire, 

or the beginning of wild fire. The key in this method is to 

make decisions by tracking the fire propagation and check the 

logic behind it. In [3] explains the basic of wireless sensor 

networks along with the different applications. Structure of a 

Wireless Sensor Network includes different topologies for 

radio communications networks; these are star topology, 

mesh and hybrid star-mesh topology. A star network is a 

communications topology where a single base station can 

send and/or receive a message to a number of remote nodes. 

A mesh network allows transmitting data to one node to other 

node in the network that is within its radio transmission range. 

A hybrid between the star and mesh network provides a 

robust and versatile communications network, while 

maintaining the ability to keep the wireless sensor nodes 

power consumption to a minimum. It gives overview of 

energy consumption issues in WSN along with protocols and 

algorithm of WSN. 

In [4] this paper, we propose a fire emergency and 

gas detection system based on WSNs for both indoor and 

outdoor environments. The challenges which are addressed in 

this paper include: management of nodes, provision of 

algorithms, risk modeling and analysis, and Over-The-Air-

Programming (OTAP). This shows that the wireless sensor 

networks are useful for fire detection. 

III. CONCLUSION 

At this point of conclusion, we get to know that fire is very 

harmful for all the humans, animals and also loss of 

environment is done due to fire.  Lots of people die or get 

injured due to fire. Hence to avoid the loss due to fire, 

protection systems are used. These are fire extinguisher, 

water sprinkler, standpipe system, alarm system. But these 

systems also have their drawbacks. Hence the new system is 

required to protect from fire, hence wireless sensor network 

(WSN) come in picture. WSN is the new technology and once 

deploy in the area of interest then it gives early fire detection, 

through the sensing devices. 
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