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Abstract

A forest fire is a disaster and threat not only to the
forest but also to the wild animals, the entire ecology and to
the environment. The early detection and monitoring of for-
est fire with accuracy leads to a boon to the wild life and the
inhabitants because, as soon as the detection and monitoring
is processed, the necessary and quick actions to that can be
taken in time. In this paper we explore the use of wireless
sensor network (WSN) for real-time monitoring of forest
fire. The objective of this paper is to detect and forecast the
information regarding forest fire efficiently and cost-
effectively, so that the losses to forest wealth, its inhabitants
and to the environment can be optimized.
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Introduction

Forest plays an important role in the balancing of environ-
ment, socio-ecological and recreational system. [1] In India
the total forest and tree cover is 79.42 million hectare, which
is 24.16 % of the total geographical area. Forests have high
impact in balancing the equilibrium in atmospheric carbon
absorption, regulation of temperature and rainfall, reduction
of soil erosion etc. Forest fire also known as Wildfire is a
severe disaster [2] which has negative effect on socio-
ecological and economical balances. Every year thousands
hectares of forest territory is ravaged due to this forest fire.
In 2016 more than 4000 hectares of forest were destroyed in
the hills of Uttarakhand due to various reasons of forest fire.
In some cases forest fire leads to the death of the inhabitants
at the affected zone. The main cause of forest fire may be
natural like lightning, rolling of stones, and rubbing of dry
bamboos due to strong winds or may be accidental fires cre-
ated due to human carelessness. Forest fire is considered to
be one of the causes of global warming. Forest fire detec-
tion methods mainly consist of patrolling, observation from
watch towers, satellite monitoring or harbour watch system.

The conventional methods like patrolling, watchtowers are
easy but not effective. The problems with these methods are
carelessness of guards, absence from the post, inability for
real-time monitoring and the limited area coverage etc. The
satellite based monitoring is a popular and most widely used
method [2][8] but it requires a long scan cycle and till the
completion, fire may have spread in an uncontrolled way.
This method covers broad areas but resolution of images is
low [3] and sometime clouds and fogs may mask the images
which lead to distorted image broadcasting. Forest Watch
[14] is another forest fire detection system. These systems
are operational in different countries like South Africa (83
towers), USA (22 towers), Swaziland (5 towers), Canada (4
towers), Chile (20 towers), and Slovakia (4 towers). The
Harbour Watch system has been deployed in South Africa
and Namibia [15] as shown in figure 1. In this approach fire
is reliably detected up to a range of 20 km but sometime it
generates false alarms. So here we proposed the use of wire-
less sensor network as a real-time, energy efficient model in
detecting forest fire.

FireWatch

Forest Watch

Figure 1: Harbour watch system [15]
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Figure 2: Fire watch system [16]

Related works

Wireless Sensor Network (WSN) is a most versatile research
field by using that a lot of research and development work
has been carried out in different aspects and areas, one of
them is for monitoring and detection of forest fire. Zheping
[17] proposed a wireless sensor network for forest fire detec-
tion. The design uses low-power IC which increases the sta-
bility and reduces the volume. Breejan [18] proposed an
autonomous forest fire detection principle based on temporal
contrast differences with the natural background and spatial
characteristics of the smoke plume. These models were not
emphasized on energy efficient sensor model as the sensors
work in hazardous areas and works for a long time. Hartung,
[20] in his paper presented FireWxNet, as a multi-tiered
portable wireless system for monitoring weather conditions
in rugged wild land fire environments. They used wireless
sensor network for fire detection with web cameras. The
issue with this is quality of images which requires pro-
cessing of images using image processing techniques. Son
[21] proposed a project for fire detection in South Korean
Forest Fire Surveillance System (FFSS) using wireless sen-
sor networks connected to the internet. They used a MCF
(minimum cost path forwarding) as a routing protocol. But
the issues are network coverage and localization.

WSN in Forest Fire Detection
A. Introduction to WSN

Wireless sensor network (WSN) refers to a group of spatial-
ly dispersed and multiple dedicated sensors for monitoring
and measuring the physical conditions of the environment
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and forecast data in real-time. So for the past few years wire-
less sensor networks [7] attracts many researchers to imple-
ment a real-time, low energy consumption and cost effective
network. Sensor networks include a large number of inex-
pensive, small sensor nodes with few sinks [4]. These sen-
sors detect temperature, pressure, wind, flame and smoke
levels of methane [5], carbon monoxide and carbon dioxide
[6] and the acquired data can be transmitted through the ra-
dio frequency module to the nearest base station.

Transceiver
g
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Figure 3: Block diagram of a Sensor node

Figure 4: Sensor node

A sensor node shown in the above figure 3 & 4 consists of
sensor module, a processing module, a wireless communica-
tion module and a power module [9] [10]. The sensor mod-
ule senses the different parameters of the environment. The
processing module is responsible for controlling the opera-
tion of sensor, managing the data collected or transmitted by
the sensor. The wireless communication module is responsi-
ble for communication or exchange of control information
with other nodes. The power module supplies power to the
other modules of a node.
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The characteristics of a WSN includes

e  Scalability to large scale of deployment
e Homogeneity and Heterogeneity of nodes First it 8 a g Sexund tice
e  Mobility of nodes /
e Automatically replaces the failure nodes v" 8
e  Cross-layer design[11][12][13] * ) P
e  Power consumption constraints for nodes using bat- o 9 g 5 |
teries or energy harvesting o ° ! )
e Ability to withstand harsh environmental conditions , -’nl
o "o-""" | : \ PDA
B. Applications of WSN o ; : i .
Sensor networks are used in many fields and have been de- & l' " , [ J/
ployed in a variety of applications ranging from monitoring = = <O
a small room to the large area. Some of the application areas 9 Pied e \ PC
are: et :
. . Database g Environmental sensor
e  Environmental/Earth sensing
e Area monitoring O By e
e  Health care monitoring
o  Forestfire detection Figure 6: ALARM-NET architecture [19]
e  Water quality monitoring
*  Airpollution monitoring D. Architecture of Proposed Model
e Landslide detection
o Natural disaster prevention
e Industrial monitoring
e Machine Health Monitoring and many more.
. Power -I;ZE‘:S Display Base
C. How it works Supply Sensor Unit Station/
unit Sink
In wireless sensor network, a number of sensor nodes are
deployed in the forest to monitor and measure the physical
factors. The collected data is then sent to the main controller
of the monitoring centre for analysis and the analysed results Smoke
will later be sent to base station/sink as shown in figure.5 & Sensor
6 for further actions. Main WLAN
| @ Clusser Hews 1 Contro- —— /Inter-
) Senscr Node ller net
Base Station Sk /4 Wind
L spam % Sensor
/'/ ' \ ’{ \\\ :’ ; ‘. ‘:
'\\ + © // ! - M Humid-
s o s Cluster 3 ity
Chaste | ‘," e O \‘. Sensor
\ ’,'

. ] ] ) Figure 7: Block diagram of Proposed Model
Figure 5: WSN with nodes linked to the base station [22]
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The proposed architecture shown in figure 7 consists of dif-
ferent modules such as power supply unit, sensor unit, Main
controller, display unit & communication unit. Here, the
working principle is initiated by supplying power to the sen-
sor module consisting of different sensors. These sensors
then collect the required data and send them to the main con-
troller. The controller unit route the detected information to
the display unit or to the base station through WLAN/ Inter-
net technology.

Conclusion and Future work

Forest fire is considered to be one of the serious issues for
different countries. So they are interested in investing and
promoting R & D activities in order to prevent this tragedy.
In this paper we discuss various aspect of wireless sensor
network in forest fire detection since WSN is considered to
be real-time, cost effective and energy efficient model. The
practical implementation of our above proposed model is in
rigorous progress. We are also planning to use cameras
along with the sensor nodes for more accurate results and for
the improvement of the image quality we are planning to
apply Image processing techniques such as Image classifica-
tion, Image enhancement, Image restoration etc.

References

[1] India State of Forest Report (ISFR) 2015, Press Infor-
mation Bureau Government of India Ministry of Envi-
ronment, Forest and Climate Change.

[2] Junguo, Z., Wenbin, L., Zhongxing, Y., Shengbo, L.,
and Xiaolin, G., “Forest fire detection system based on
wireless sensor network”, 5th International Conference
on Wireless Communications, Networking and Mobile
Computing, 2009, IEEE CONFERENCE PUBLICA-
TIONS Industrial Electronics and Applications, pp. 520-
523, 2009.

[3] Z. Li, S. Nadon, J. Cihlar, “Satellite detection of Cana-
dian boreal forest fires: development and application of
the algorithm,” International Journal of Remote Sens-
ing, vol. 21, no. 16, pp. 3057-3069, 2000.

[4] Bayo, A., Antolin, D., Medrano, N., Calvo, B., and
Celma, S., “Development of a Wireless Sensor Network
System for Early Forest Fire Detection”, Smart Objects:
Systems, Technologies and Applications (RFID Sys
Tech), VDE CONFERENCE PUBLICATIONS, pp. 1-
7, 2010.

[5] Hefeeda, M., and Bagheri, M., “Wireless Sensor Net-
works for Early Detection of Forest Fires”, IEEE Inter-
national Conference on Mobile Adhoc and Sensor Sys-

tems, 2007, IEEE CONFERENCE PUBLICATIONS,
pp.1-6, 2007.

[6]  http://Imodis.gsfc.nasa.gov/IMODIS Web.

[7] I.F. Akyildiz, W. Su, Y. Sankara subramaniam, and
E. Cayirci, Wireless sensor networks: a survey. Com-
puter Networks. 2002, 38 (4) :393- 422..

[81  T.J. Lynham, C. W. Dull, and A. Singh, “Require-
ments for space-based observations in fire management:
a report by the Wild land Fire Hazard Team, Committee
on Earth Observation Satellites (CEOS) Disaster Man-
agement Support Group (DMSG),” in IEEE Internation-
al Geo science and Remote Sensing Symposium, vol. 2,
pp. 762-764, June 2002.

[9]  Alice Abraham, Rushil K K, Ruchit M S, Ashwini
G, Vidhyashree U Naik and Narendra kumar G, “Inter-
national Conference on Wireless Networks (ICWN
2012)”,Singapore IPCSIT vol. 49 (2012).

[10] http://en.wikipedia.org/wiki/Sensor_node.

[11] Saleem, K., Fisal, N., Hafizah, S., Kamilah, S., Ra-
shid, R. and Baguda, Y., 2009, January. Cross layer
based biological inspired self-organized routing protocol
for wireless sensor network. In TENCON 2009 IEEE
Region 10 Conference (pp. 1-6).

[12] Guowang Miao; Jens Zander; Ki Won Sung; Ben
Slimane (2016). Fundamentals of Mobile Data Net-
works. Cambridge University Press. ISBN 1107143217.

[13] Aghdam, Shahin Mahdizadeh; Khansari, Moham-
mad; Rabiee, Hamid R; Salehi, Mostafa
(2014). "WCCP: A congestion control protocol for wire-
less multimedia communication in sensor networks". Ad
Hoc Networks. 13: 516-
534. doi:10.1016/j.adhoc.2013.10.006.

[14] Ahmad A. A. Alkhatib “A Review on Forest Fire
Detection Techniques”, International Journal of Distrib-
uted Sensor Networks Volume 2014, Article 1D 597368,
12 pages http://dx.doi.org/10.1155/2014/597368.

[15] S. Mathews, P. Ellis, and J. H. Hurle, Evaluation of

Three Systems, Bushfire Cooperative Research Centre,
Australia, 2010.

[16] Fire Watch, “An Early Warning System for Forest
Fires, successfully in the global wuse,” 2013,
http://www.fire-watch.de/systemoverview.

[17] LU Zhiping, QIN Huibin, HU Ji, HUANG Sufang,
The Design of Wireless Sensor Networks for Forest Fire
Monitoring System

[18] E. Breejen, M. Breuers, F. Cremer, R AW Kemp,
M. Roos, K. Schutte and J.S. Vries. Autonomous forest
fire detection. Proc. of Third International Conference

© IJATER (NCRTSTM-2018)

Volume 01, March 2018 56



G>

International Journal of Advanced Technology & Engineering Research (IJATER)
National Conference on Recent Trends in Science, Technology & Management (NCRTSTM-2018)
on Forest Fire Research and Fourteenth Conference on
Fire and Forest Meteorology, Luso, Portugal. 1998 :
2003-2012.

[19] P.KUMAR, S. G. L., N.J.LEE 2012. E-SAP: Effi-
cient-Strong Authentication Protocol for Healthcare
Applications Using Wireless Medical Sensor Networks
sensors, 2, 1625-1647.

[20] C.Hartung, R.Han, C. Seielstad, and S.Holbrook,
“FireWxNet: A multi-tiered portable wireless system for
monitoring weather conditions in wild land fire envi-
ronments” in Proceedings of the 4th International Con-
ference on Mobile Systems, Applications and Services
(MobiSys’06), pp.28-41, ACM, Uppsala, Sweden,
June2006.

[21] B. Son, Y. Her, and K. Kim, “A Design and Im-
plementation of Forest-Fires Surveillance System based
on Wireless Sensor Networks for South Korea Moun-
tains “International Journal of Computer Science and
Network Security, vol. 6, no. 9, pp. 124— 130,2006.

[22]  Pushpender Kumar, Narottam Chand “Clustering in
Wireless Multimedia Sensor Networks Using Spectral
Graph Partitioning” Int'l J. of Communications, Net-
work and System Sciences Vol.6 N0.3(2013), Article
1D:29037,6 pages DOI:10.4236/ijcns.2013.63015.

[23] Bodrozic, L., Stipanicev, D., and Stula, M., “Agent
based data collecting in a forest fire monitoring system”,
International Conference on  Software in Telecommu-
nications and Computer Networks, 2006, IEEE CON-
FERENCE PUBLICATIONS, pp. 326-330, 2006.

[24] J. Lloret, M. Garcia, D. Bri, and S. Sendra, “A
wireless sensor network deployment for rural and forest
fire detection and verification Sensors”, vol.9, no.11,
pp.8722-8747, 2009.

© IJATER (NCRTSTM-2018) Volume 01, March 2018



