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Abstract- Forests are part of the essential and 

indispensable resources for human survival and social 

development that protect the balance of the earth 

bionomics. However, because of some uncontrolled 

anthropogenic activities and abnormal natural 

conditions, forest fires occur regularly. These fires are 

among the most serious disasters to forest resources and 

the human environment. In late years, the frequency of 

forest fires has increased considerably due to climate 

change, human activities and other factors. The 

prevention and survey of forest fires has become a global 

concern in forest fire prevention organizations. To 

overcome this problem an early fire detection system 

based on a wireless sensor network was proposed. The 

proposed technique is in real time, detect the forest fires 

early based on a sensor readings. The architecture of a 

wireless sensor network for forest fire early detection is 

described. The hardware circuitry of the network node is 

designed based on Arduino micro controller. 

Environmental parameters such as temperature and 

humidity in the forest locality can be monitored in real 

time. From the information collected by the system, 

decisions for firefighting or fire prevention can be made 

more quickly by the relevant government departments. 
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I. INTRODUCTION 

A forest fire is a fire in an area of combustible vegetation 

that occurs in the countryside or rural area. depending on 

the type of vegetation where it occurs, a forest fire can 

also be classified more specifically as a brush fire, bush 

fire, desert fire, wild fire grass fire, hill fire, peat 

fire, vegetation fire, or veld fire. Fossil charcoal indicates 

that forest fires began soon after the appearance of 

terrestrial plants 420 million years ago. Forest fire’s 

instance throughout the history of terrestrial life invites 

conjecture that fire must have had pronounced 

evolutionary effects on largest ecosystems' flora and 

fauna. Earth is an intrinsically flammable planet owing to 

its cover of carbon-rich greenery, seasonally dry 

climates, atmospheric oxygen, and widespread lightning 

and volcano ignitions.  

Forest fires can be describe in terms of the cause of 

ignition, their physical properties, the combustible 

material present, and the issue of weather on the 

fire. Forest fires can cause damage to property and 

human life, but they have many beneficial effects on 

native greenery, animals, and ecosystems that have 

evolved with fire. Many plant species depend on the 

effects of fire for growth and reproduction. However, 

forest fire in ecosystems where forest fire is uncommon 

or where non-native vegetation has encroached may have 

unfavorable ecological effects. Forest fire behavior and 

severity result from the consolidation of factors such as 

available fuels, physical setting, and weather. Analyses 

of historical meteorological data and national fire report 

in North America show the primacy of climate in driving 

large regional fires via wet periods that create 

extraordinary fuels or drought and warming that extend 

conducive fire weather.  

Strategies of forest fire avoidance, detection, and 

suppression have varied over the years. One common and 

inexpensive technique is controlled flaming permitting or 

even igniting smaller fires to minimize the amount of 

flammable material available for a potential forest 

fire. Vegetation may be burned periodically to maintain 

high species diversity and frequent burning of surface 

fuels limits fuel accumulation. Forest fire use is the 

cheapest and most ecologically appropriate policy for 

many forests. Fuels may also be removed by 

desertification, but fuels treatments and thinning have no 

effect on severe fire behavior Forest fire itself is 

reportedly "the most effective treatment for reducing a 

fire's rate of spread, fire line intensity, flame length, and 

heat per unit of area" according to Jan Van Wagtendonk, 

a biologist at the Yellowstone Field Station. Building 

codes in fire-prone areas typically require that structures 

be built of flame-resistant materials and a defensible 

space be managed by clearing flammable materials 

within a prescribed distance from the structure.  
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II. LITERATURE SURVEY 

[1], Yang et al. designed a forest fire monitoring system 

based on wireless sensor network. The system consists of 

ZigBee routers, coordinator, end nodes and PC computer. 

The ZigBee nodes compose wireless sensor network by 

ad-hoc network mode, and is mainly responsible for 

collecting and carry the special environment parameters 

of the forest including temperature, humidity, and light 

intensity and so on. Lab view based on PC computer 

analyzes and displays the data that transported from 

ZigBee network, so as to complete real-time remote 

monitoring of forest environment. 

 The energy consumption of the whole monitoring 

network is reduced 

 The death of some nodes will not cause the collapse 

of the whole network. 

 Low cost 

 Good scalability 

This study analyses and researches the system of forest 

fire monitoring based on wireless sensor network. When 

the forest environment happen mutation, the system can 

find in time, take alarm, and take measures to reduce 

losses. This wireless sensor network system not only can 

be used for forest fire warning, but also be used at home, 

warehouses, pharmacies and other monitoring sites by 

choosing different sensors. 

[2], Giovanni LanevedesignedaAnalysis of the 

application of images to the early detection of fires in the 

Mediterranean regions.Fires represent one of the main 

factors of degradation and destruction of. According to 

fire-fighting department, a satellite-based fire-detection 

system can be considered operationally useful for 

Mediterranean countries when fires with a minimum 

extent of 1600 m
2
 can be detected with a temporal 

resolution of 30 min. In fact, such a system should be 

able to identify fires at their first stage when it is possible 

to extinguish them more easily. Laneve et al. proposed an 

idea which is based on the use of a change disclosure 

technique to maximize the detection capabilities of the 

system in spite of its limited spatial resolutions. This 

technique consists of comparing two or more images 

collected at 15-min intervals, for which any temperature 

change can be attributed to fast dynamic phenomenality, 

such as fires, when nature changes are modelled and 

removed.  

 The potential capability of the proposed 

algorithm to detect fires ≤ 0.1 ha. 

 The maximum temperature difference : 3K 

This study carried out an analysis of the application 

images to the early detection of fires in the 

Mediterranean regions. In fact, in principle, the high 

sensual frequency (15 min) of the images allows the 

detection of events characterized by fast dynamics such 

as fires. On the other hand, the decreased spatial 

resolution of SEVIRI poses some concern on the 

possibility to base a quasi-real-time fire detection 

strategy on this instrument. However, to optimize its 

detection capabilities, the use of a change-detection 

technique, depend on the sensor high temporal 

resolution, is investigated. 

[3], N. Vasyukovdesignedto implement the forest fire 

early recognize system based on the image analysis 

algorithm.described a principle of development of some 

forest image analysis algorithms proposed for 

implementation in forest fire early detection systems. 

Algorithm of geometric environment aligning, image 

segmentation, intensity smoothing and high-intensity 

objects contrast recognize and movement detection are 

treated. Appearance and evolution of a smoke cloud can 

be treated as a main characteristic of a beginning fire in 

the majority of cases. Usually a smoke cloud represents a 

light formless spot over a forest environment. 

Functioning of treated system is provided by a computer 

program depend on high-intensity objects over low-

intensity environment contract detection algorithm and 

movement detection algorithm operating. The program 

action images obtained from web cameras in real time. 

When fire features are detected the program informs the 

human observer about presence of the fire by means of 

audio signal and visualization of enlarged scaled 

suspicious image locality. In its turn the operator makes a 

final decision of presence or absence of fire. 

 Reduced total false alarm probability 

 Improved system effectiveness 

Reduction of false alarm probability without damage to 

right detection probability is provided by automated 

finding a sky locality (it definitely cannot contain fires) 

and including sky locality into a dead zone. Application 

of the described geometric transformation together with 

image intensity aligning procedure improves "wood–sky" 

segmentation quality. 

[4] Liu Longshento design an embedded forest fire 

monitoring system based on machine vision. 

According to the bulky, high cost and interfered seriously 

of present forest fire monitoring system, Liu et al. 

designed the embedded forest fire monitoring and 

positioning system based on machine vision. The system 

consists of four segment embedded forest fire detection, 

3G wirelessCommunication, positioning system and 

controlled terminal. Forest fire recognition and 

positioning algorithm are studied based on FPGA and 

DSP, and 3G wireless communications is achieved.  

Video image is gathered by CCD. Forest fire is 

distinguished and warned by embedded forest fire find 

module. First, the image de-noising and filtering 

pretreatment is processed in FPGA. Then, forest fire is 

detected in DSP and finally the results are output. If fire 

is found in the video, system sends alarm information, 
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head angle and fire image to the monitoring center for 

positioning. At the same time, system also sends the 

forest fire image and the specific location of the fire to 

held terminal to notify the result to related staff for 

firefighting. 

 

Fig :embedded forest fire monitoring[4-ref] 

 

Firefighters can send their locations and scene images to 

the monitoring center. It is helpful for decision-making. 

2D and 3D map of the positioning system are linkage 

with CCD in the process of the system. Users can adjust 

the system parameters by positioning system or held 

terminal to work more efficiently, acquire needed image. 

 The average deviation of positioning : 6.6m 

 Low false alarm rate 

 High sensitivity 

 Low power consumption 

An embedded forest fire monitoring and positioning 

system is designed by the technique of embedded system, 

3G wireless communication and GIS. In the field trials, 

the system achieves forest fire detection at the head end 

by FPGA and DSP, communicates with the monitoring 

center by 3G wireless network. 2D and 3D map of the 

positioning system are linkage with CCD. The forest fire 

position is located, and the positioning error is less than 

ten meters. 

[5], YihuaChento design a real-time, effective forest fire 

monitoring system based on the video monitoring images 

and the MODIS remote sensing data.the coordinates are 

sent to forest fireproof GIS when the fire point are 

detected, and then the forest fireproof GIS can inquiry 

and calculate all the information necessary for fireproof 

decision-making. The intelligent fire identification 

system is developed based on the technologies of image 

processing and pattern recognition. Firstly, intelligent 

identification systems of fire determine the forest fires 

automatically by the pattern recognition technology, and 

ensure the accuracy of the system in case of no 

misinterpretation. Secondly, with the contour line data of 

an appropriate scale, the location information from 

digital platform intersects with contour lines generated 

from digital elevation model, and then with the GIS 

platform, it determines accurately the position where fire 

occurred and combine the position with a powerful 

search of GIS and analytic functions in order to realize 

the controlling strategies for fire. 

 NDVI ≥ 0.5 

 ρ2 < 0.3 

 Total  number of channels : 36 

 Run cycle : 1 to 2 days 

The forest fire monitoring system in district level has 

been studied and has been applied in Anhui Province of 

China. The results show that the system can reduce a lot 

of manpower and material resources to monitor the 

timely detection of a fire disaster in the region. 

 

Fig :video monitoring images[5-ref] 

 

It is a fast, efficient way to alarm and positioning can 

minimize possible mistake and decrease missing report.  

Better regional adaptability, expansibility, and higher 

prediction accuracy will be the focus of the next study. 

[6],GuozhuWangto implement a new wireless network 

oriented scheme to forest fire monitoring based on GPRS 

communication technology and ZigBee technology. 

The forest environmental information was collected by 

ZigBee network and transfer to FTP server with public 

network IP on the internet through GPRS network by 

GPRS module which was contained by coordinator node. 

The monitoring center got the data, which was provided 

for relative experts and decision maker, from FTP server 

to implement the success of remote data from monitoring 

region. Through the analysis of historical data and real-

time data, perfect judges and decisions were made. It had 

strategic significance to improve the level of 

modernization of forest fire monitoring. 
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 Good at flexible structure 

 Low one-time cost 

 Wide expansion 

 Better promotional value 

A forest fire monitoring system is built based on ZigBee 

wireless sensor network and GPRS wireless 

communication technology, from the perspective of 

construction cost, flexible networking, real-time 

monitoring. 

 

Fig :Fire Monitoring System Based on GPRS and 

ZigBee[ref-6] 

 

ZigBee network is used to monitor forest areas relative 

parameters such as temperature, relative humidity, UV 

intensity of flame, smoke concentration. GPRS contained 

by coordinator node is used to connect, log on GPRS 

network to transmit data to FTP server with public IP. 

Finally monitoring center obtains the data from FTP 

server. The successful connection between ZigBee 

network and internet through GPRS network makes the 

functional complementarities of several networks and 

implements remote access to the data of forest 

monitoring region. 

[7],NarasimhaPrasadto present improved forest fire 

reconition through the real time processing using land 

surface temperature satellite imagery. 

The objective of this real time processing of satellite 

images is to observe the abnormal raise in temperature 

distribution for the identification of forest fires. The input 

for this application is a land surface temperature image 

with noise or without noise. The satellite images gather 

may contain noise due to different image defects like 

electromagnetic noise, striping noise, and are ought to be 

removed to obtain accurate results. When the satellite 

image consist of noise is analyzed, the value gather may 

deviate from original value. The original image contains 

different colors based on temperature range where each 

spectral range represents a definite temperature. These 

spectral ranges must be separated to differentiate 

between huge and small temperatures. Clustering 

technique is applied to segment the spectrum into 

different identical sectors called clusters. K-means 

clustering algorithm is used with a value of 6 to segment 

the image into six sectors based on wavelength as 

similarity measure to locate the high temperature sector 

of interest. The high temperature sector will be separated 

from the surroundings and the abnormal temperature 

distribution is observed and if it rises continuously, 

afford a good estimate for the forest fire identification. 

This study presented a formal mechanism for choosing 

mean wavelengths of land surface temperature in the 

clear and infrared spectrum to discriminate between 

forest fire and no forest fire for the images gather from 

the NASA earth inspection satellite. It was demonstrated 

that the resulting mechanism out performs the methods 

developed using smoke velocity distribution, sensor 

methods and sounding systems. Henceforth, 

identification of forest fire by making use of clustering 

and wavelet transfer would be an efficient one.  

[8],Oh-Hyun Kwon to design a fire detecting system by 

using camera image processing instead of sensors. 

Design concept of fire detection is focused on the 

enhancement of fire recognition rate. Thus, Kwon et al. 

categorized fire occurrence into 3 types like flames, 

smoke, and sparkling type for the increased accuracy of 

recognition. Secondly, image difference methodology 

was adopted during pre-processing time rather than edge 

detection. Although, edge detection method is useful for 

the detection of object change but it is weak to find out 

shape of object and recover. Using image difference 

method, it can divide different image into binary form 

and show white color when it has changed parts. Receive 

image data on real time via camera installed on the 

surveillance area. Compare the image with original 

image which status was non-fired and carry out 

repeatedly if there is no detection of change. If there may 

happen some change of image, store the monitoring data 

as it could be possible to happen fire occurrence. 

Analyzing the stored image using the fire detection 

algorithm and return the results. It could be considered as 

a fire occurrence if there are some results matching with 

the fire type suggested from the fire detection algorithm. 

But if there would be no matching result, then the image 

should be scratched out from storage for the efficiency of 

memory.  

 RGB threshold value>220 

 Blue threshold  value<180 

Study for the fire detection has yet wide spread and not 

satisfying user requirement because of the diversity and 

restriction of fire occurrence environments. Kwon et 

al.suggested fire detection model which is divided into 3 

domains such as flame type, smoke type, and sparkling 

type and tried to implement after design which is depend 
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on the software engineering procedure i.e. applying 

design pattern.  

 

Fig : camera image processing instead of sensors.[ref-8] 

 

III. Conclusion 

This study analyzes and researches the system of forest 

fire monitoring based on wireless sensor network. When 

the forest environment happen mutation, the system can 

find in time, take alarm, and take measures to reduce 

losses. reduction offalse alarm probability without 

damage to right detection probability is provided by 

automated finding a sky region (it definitely cannot 

contain fires) and including sky region into a dead zone. 

An embedded forest fire monitoring and positioning 

system is designed by the technique of embedded system, 

3G wireless communication and GIS. In the field trials, 

the system achieves forest fire detection at the head end 

by FPGA and DSP, communicates with the monitoring 

center by 3G wireless network. 2D and 3D map of the 

positioning system are linkage with CCD. The forest fire 

position is located, and the positioning error is less than 

ten meters. A forest fire monitoring system is built based 

on ZigBee wireless sensor network and GPRS wireless 

communication technology, from the perspective of 

construction cost, flexible networking, real-time 

monitoring. ZigBee network is used to monitor forest 

areas relative parameters such as temperature, relative 

humidity, UV intensity of flame, smoke concentration. 

GPRS controlled by coordinator node is used to connect, 

log on GPRS network to transmit data to FTP server with 

public IP. Finally monitoring center obtains the data from 

FTP server. The successful connection between ZigBee 

network and internet through GPRS network makes the 

functional complementarities of several networks and 

implements remote access to the data of forest 

monitoring region. 
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