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Abstract-Wireless Sensor Network (WSN) has become
one of the most important aspects for environmental
monitoring, i.e. wildfire monitoring, Landslide
detection and many others. Many wildfires causes
massive forest damages every year in different parts of
the world. This paper presents an effective approach
based on wireless sensor network to identify and
monitor wild fires in forest. The proposed work
presents an intelligent system that provides early
warning of potential forest fires as well as to provide an
effective evaluation of fire scale and fire intensity. The
main objectives of the proposed intelligent sensor
based network is to measure the environmental
attributes such as temperature (t), relative humidity (h);
rain (r) and wind speed (WS) etc. The data of these
parameters are acquired via wireless sensor network
from different geographical locations and transfer to
third party application for processing. The research
presented the conceptual framework to intelligently
estimate “scale and intensity” of the forest fires. The
proposed system is effective and reliable to identify and
monitor forest fires. It can easily be integrated with
third party applications.

Keywords-Conceptual Framework, Forest Fires,
Intelligent, System Architecture, Wireless Sensor
Network (WSN)

I. INTRODUCTION

Forest fires or wild fires cost a loss of millions of
dollars each year in different parts of the world [i].
Forest fires are a major source of massive damage to
houses, buildings, and human lives each year[ii].
Beside preventive measures, the identification of forest
fires at early stage and its suppression are the only ways
to minimize the damages and casualties cause by the
wild or forest fires” [iii]. Researchers have explored
this area in great deal and contributed in this domain
with various solutions [iv-ix] to provide alert and
monitoring services for forests fire identification and
propagation. This area always keeps researchers
interested to propose novel and effective solutions as
human lives and nature are affecting from this problem.
There exist a room to propose effective and efficient
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solutions to save the human lives and natural resources
all over the world. Beside plenty of room for research,
forest fire identification and monitoring is a
challenging task [x].

There are various sources that contribute to initiate
and propagate forest fires, some of them are natural but
unfortunately most of the time the forest fires are
caused due to the human carelessness such as Lighting,
Aridity [xi].

A. Realtime Application

To design and develop a real time application for
forests fire monitoring is a critical and challenging task.
Existing research work [xi, viii] have been proposed to
design effective solutions for the detection of forest
fires at early stages. Researchers have also contributed
in this domain and proposed various solutions [xi] to
address the problem of forest fires propagation at rapid
speed. These systems are designed by using different
types of information and communication technologies
[xii]. Rapid advancement in technology and ease of
information access has resulted in the development of
effective solutions for real time environments such as
“forest fires detection [xiii], building security system
[xiv], and home automation [xv-xvi] etc. Even though
much work has been proposed in this area but the
challenging environment and nature of disasters has
demanded to propose more effective solutions to meet
the current real time challenges in forest fire
identification and propagation [xvii].

Lighting

Human Carelessness|

Causes of
Forest Fires|

Exposure of Fuel
to Extreme Heat

Fig. 1. Causes of Forest Fires
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In past, large number of tools and techniques are
being utilized for design and implementation for
monitoring of the real critical environment such as
Agent based forest fires [xviii], MRISR, Osborne fire
finder etc.

This paper presents a solution to identify and
monitor the propagation of forest fires by using
wireless sensor networks (WSN) for forest fire control.
The proposed solution is divided into three layers and
each layer consists of specific components. These
components are designed to perform specific task such
as “Fire detection”[xix]. However, all the components
are integrated together so that the overall performance
and efficiency of the proposed solution can be
increased.

Smart sensor technology has been used in various
domains to propose effective solutions for real world
problems [xx]. Existing research is also being
conducted to achieve better performance and efficiency
by using smart sensor technology. Wireless sensor
network (WSN) technology has been in practice since
many years in various daily life applications [xxi].
Smart sensors are part of various portable devices these
days such as cell phones, PDA etc. which are used for
data collection [xxii]. Sensor frequency identification
devices transfer the data using wireless medium of
communication. Existing systems [xxiii] have also
been designed in the field of communication and
information technology (ICT) specifically focusing on
WSN. Wireless sensor network (WSN) is considered as
a low cost inexpensive solution and can easily be
integrated with any system or application in various
domains [xxiv].

We have designed a sensor-based network for the
identification and detection of the forest fires.
However, we have presented a conceptual framework
that can be integrated in various software applications.
The base station of the network act as a web service.
Fire Weather Index (FWI) is used for the identification
of'the forest fires.

Developing a real time critical system for the real
time environment of forest fire is a challenging task.
We have presented the system for the identification and
detection of the forest fire. The following section
presents the desired objectives.

1. Earlydetection of forest fires.

2. Anintelligent estimation mechanism for scale and
intensity of fire.

3. FireIndex calculation based on Fire Weather Index
(FWI). Fire Weather Index model is presented in
[xiv].

4. Design and development of dynamic web
application for integration with alerting system
There are number of challenges which we have

faced during the design and development of a system

for the identification and control of forest fires. Few of
the design challenges are mentioned below:

1. The identification and detection of the forest fires
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is based on the number of the component such as

measuring temperature, Fire Intensity, Routing

Path so that the estimated scales and intensity are

identified.

2. The identification of the forest fires should be
based on the number of parameters such as Scale,
FWI, FFMC [xiv]

This paper presents a conceptual framework for
the identification and control of forest fires. Wireless
sensor network is used to design the proposed
framework. The proposed solution implements a
conceptual frame work with a capacity to identify
forest fires at early stage, and intelligently estimate
'scale and intensity' of the forest fire.

Section II presents a critical analysis of existing
state-of-the-art. Section III presents the architecture of
the proposed framework and analysis on its core
parameters. Experimental results are discussed and
evaluated in Section IV. Section V presents the
conclusion of the proposed system.

II. LITERATURE REVIEW

Most of the existing systems used nowadays for
forest fire detection rely either on satellite imagery or
watch towers. These systems suffer from limited
operations under bad weather conditions that can result
in a loss of visibility. This affects the overall
performance of the detection accuracy of forest fires.
This section presents the critical analysis of existing
state-of-the-arts. The open research problems are also
identified. The design and architecture based on
different approaches, tools and techniques of existing
state-of-the-arts are also elaborated in detail.

A. Forest Fire Detection Systems

The design and architecture of existing forest fire
detection systems heavily rely on traditional
implementation techniques such as “Digital Image
Processing (DIP), satellite imagery or watch towers”
[xxv]. There exist many limitations in existing systems.
The existing systems have limited operations under bad
weather conditions such as “Fog, Rain, Smoke
etc.[xxvi]. Loss of visibility is another core issue that
affects the performance of existing systems to
accurately detect forest fires. Existing forest fires
detection systems have a high ratio of “errors and
inaccuracy” because these systems mainly depends on
traditional approaches [xxvii].

B.  Wireless Sensor Network

This sub-section presents the information related
to existing forest fires detection systems [xvii, XXiV]
based on wireless sensor network approaches. The
details regarding wireless sensor networks and
transmission medium are also discussed here.

Wireless Sensor Network (WSN) is considered as
an alternative to the traditional approaches for forest
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|
fires detection. Existing forest fire detection systems
[xix, xxii] that are based on wireless sensor networks
have reported better detection accuracy to detect forest
fires at early stages as compared to traditiona
approaches. The benefits of wireless sensor networks
such as less power consumption, self-organized
architecture, less effort in maintenance have been‘
reported in [xxiv].

The skyline approach is designed by using greatet
values of sensor readings such as rnalxirnum1
temperature and high wind speed. The skyline data are
sent to the sink that are then used to identify forest fires|
[xvii]. Sink process the data according to the

recommended algorithm in [xvii] and produces an‘
energy efficient and rapid detection solution for forest
fires. Each sensor consists of the receiver and sender
and transfers all the information to the receiver of
sender [xxii]. \

The proposed framework uses wireless sensor
network (WSN) technology to detect and control the
forest fires. The performance of the proposed syste
architecture in terms of identifying issues related to the
design and implementation of a conceptual framework
for real time applications is also evaluated. The mai
objective of the proposed system is to detect forest fires
at early stages and provide an accurate estimation of the
scale and intensity of forest fires. The researc
objective is to provide forest fire detection of an
effective, state of the art, service support softward
based on Microsoft platform and any other open source
technology. For the sake of verification and validation
(V&V),a couple of simulation [xviii] are performed ag
well.

Energy is considered as the core aspect in the real‘
time critical applications. To increase the overall
performance of the network and the other components,
the energy sources must be identified so that the‘
specific monitoring and surveillance can be performed
without dropping or failing down the devices [xxix] or
other components integrated with it. The energ
sources can be provided to WSN sink node. These,
sensors are usually equipped with the battery. |
C. Photovoltaic Devices

The Photovoltaic Device is considered as the
source of energy: These devices can also be integrate
in WSN based sensor. The elementary photovoltaic
device is also commonly known as photovoltaic celll
These cells are composed of two main layers. Eac
layer is made of semiconductor [xxx]. These semi-
conductors are separated by metal contact [xxxi]. Thel
two adjoining layers of semiconductor are separatedw
with the help of metal contacts that have been doped.
After doping, an n layer is created (n = negative) with g
surplus of electrons followed by a “p” layer (p =
positive) with an electron deficiency. In the
photovoltaic devices, the electron flows from n layer to|
p-layer and creates an “electrical field” or “space‘

_charge zone”. These fields are created inside the

‘semiconductor structures [xxxii].

ID.  Energy Considerations
| There exist many constraints for energy or battery
sources. The battery size of the WSN based sensor is
directly proportional to the capacity. As the battery size
increases, the capacity of the sensor also increases, or
vice versa. Wireless sensor network based technology
sensors are smaller in size, so they have low capacity to
‘improve the overall network lifetime. An easy way to
increase the network or battery lifetime is to use battery
scheduling algorithm. The selection of the optimal
transmission power is also an important parameter to
‘consider for energy constraints.
|  The energy consumption is also directly
roportional to the transmission power. The
ﬁransmission power is functional between the
communication nodes. It helps to transfer the
information or data from one node to another node. As
he transmission power increases, the energy
onsumption and the transmission power decreases.
“Optimal transmission power decreases the
interference among nodes, which in turn increases the
umber of simultaneous transmissions.” [xxxiii]. The
reduction in the transmission power increases the
frequency to reuse the better channel utilization. Power
Fontrol is considered as an important part of the
CDMA-based applications or systems [xxxiv].
| We have presented a framework that uses wireless
sensor network based on fire weather index system to
resolve the issues of energy constraints in forest fires
detection systems.

| The proposed framework based on wireless sensor
network is designed to detect the pattern, scale and
fintensity of forest fires at early stages. The proposed
‘framework has many benefits as compared to existing
systems. The architecture of the proposed framework is
designed by using fire weather index (FWI) as
compared to forest fire danger index system (FFDI)
Lchat are used in existing systems. The fire weather index
uses four parameters that are, Temperature, Humidity,
gfain and wind speed to predict the patterns, scale, and
intensity of forest fires. It also facilitates in the
identification of the Initial spread index as well as the
build-up index of'the forest fires.

| In this section, we have provided an overview of
the system architecture, system components, system
features, and a detailed discussion on wireless sensor

etworks.

‘A. System Architecture

| The system architecture is always considered as a
‘baseline to lay the foundation for the overall system
implementation. The proposed system consists of three
main components namely, wireless sensor network,

III. PROPOSED SYSTEM
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middleware, and web application. Wireless sensors ar
used to collect and transmit the data to the detection
system. Fire weather index (FWI) model [xvi] is used
for data calculations. The system automatically,
generates an alert in case the FWI values exceeds the
threshold. Moreover, the information is collectively
shared with the corresponding administrator. Shown i
Fig. 2 is the architecture of the proposed framework.

g
Early Alerting System for Forest @ H
Fire Based On Wireless Sensor g
Network U &
r Ei
(i L
|
Web Application s opeid I
e |
e Costas| [ mvecnac |
I
Database | Authentication Database m: }._.
¥
Waeb Services
Sensor L)
Network
1 Base Station
Sensor
Network Environment

Fig. 2. Architecture of Proposed Framework |

The proposed framework is more flexible and‘
requires little effort in maintenance as compared to
existing systems, [viii, xx, xxiv, xxviii].The proposed‘
system can be deployed easily. Web Application can be
integrated for quick response. The application is based
on the web based architecture that can easily be
accessed from different locations with the interneg
connectivity. The system is much reliable as it is based
on the Fire Weather Index. Warning alert is only
generated in case if FWI level exceeds the threshold
value up to 85.The minimum and maximum values of
FWTI as a candidate for potential ignition are presented
inTablel. |

TABLE I
FWI VALUES |
Ignition Potential Minimum Value Maximum Value

Low 1 75
Moderate 76 85
High 86 89

Very High 90 92

Extreme 92 93+

False alarm rate of the proposed system for foresg
fire detection is significantly low as compared to
existing systems [viii, xx]. The proposed system canb
deployed in large zonal areas and provides a
immediate response regarding indicators of fires. The
proposed system is more flexible as it is based on the

sub components of middleware and web application.

he architecture of fire weather index is shown in
Fig. 3.
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Fig. 3. Fire Weather Index System [xvi]

Wireless Sensor Network

Wireless sensor network is composed of a large
number of tiny sensor devices that are used for specific
qiata calculations from the environment or monitoring

ocations such as “wind speed, rain, humidity,
temperature, heat etc. [x]. The sensor devices transform
‘the environmental data into radio signals followed by
transmission to the base station. The base station act as
la wireless gateway [xiv]. Shown in Fig. 4 is the
Frchitecture ofthe wireless sensor node.

The significance of wireless sensor based
hetworks cannot be denied nowadays because of their
benefits in monitoring the location. These sensor
hnstmments can be deployed in the critical and real time
environment for forest fire monitoring [xxxvi].
Wireless sensor networks are more efficient to perform
‘in real-time and challenging weather conditions. This
wireless sensor requires less maintenance and has high
efficiency and long life. Radio frequency identification

ased sensor network is normally used in various
domains such as Medical application (diagnosis,

hysiological data), military applications (intelligent
ﬁlissiles, battlefield surveillance), Environmental
Fnonitoring (traffic, habitat) Industrial monitoring
(factories, supply chains) etc. These radio frequency
operated sensor networks continuously monitors the

nvironment and report the data back to the base
station. Radio frequency identification based sensor
networks measures and obtain the coordinates of the
‘location of fire ignition.



Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

\
Vol. 22 No. 3-2017

ISSN:1813-1786 (Print) 2313-7770 (Online)

Tranceiver

Sensing Unit

[

Micro-Controller

External
Memory

Fig. 4. Wireless Sensor Architecture \
Radio frequency identification based sensor is‘
used in many applications such as medical, military,
environment and industrial monitoring etc. The
sensor can be used in the form a sensor network or
dynamic web. These networks can be deployed in the;
specific location for the environment monitoring. The
entire sensor network uses the static or dynamic routing
protocol depending upon the position of the senso

location [xxxv]. These routing protocol transmit the
data to the designation. WSN transmits all the data tol
the base stations. The base station is connected with th

monitoring application. WSN has many benefits such
as reduction in cost monitoring by limiting the need for
wires, communication channel etc. |

o
ADC
le—

BATTERY

IV. EXPERIMENTAL RESULTS ‘

Performance evaluation of the proposed system is
measured via objective evaluation. We have evaluated
various aspects of middleware and web application for,
the forest fire detection. Middleware collects the data
from the nodes that are deployed in the forest. Thel
middleware calculates the coordinate of each sensor;
node that facilitates accurate computation of fire
ignition location. The middleware also calculates the
fire weather index based on processing input data fro
each sensor. Shown in Fig. 5 is the accuracI;j
comparison between the FFMC and FWI. High values
of fire weather index indicates fire ignition an
demands to mitigate fire ignitions by the authority. The
nature of fire spread, scale, pattern of fire propagation
and intensity are investigated in detail to take
appropriate measures to control forest fires. This‘
detailed study is useful to decide the outcome of either
taking appropriate measures for fire mitigation.

In order to overall increase the performance and
capacity the Multi-Listing technique is utilized to
overall discard the repeated packages that are flooded
in wireless network. However, in this research th
energy efficiency goal is achieved by using agent based1
approach. |

Extreme

E

= Very High

R

A~ > .

Lg 3 High = EWI
ED = FFMC
=

Moderate

Low

Detection Accuracy %

| Fig. 5. Performance Comparison of FFMC and FWI

|
In Fig. 5 the experiment has been conducted to
hneasure the performance of the FFMC and FWI. The
detection accuracy has been measured on the five
Ignitions Potential Level defined on the x-axis of the fig
5. It can be analysed from the experiment results that
within the context of the detection accuracy the FWTis
most accurate and efficient as compared to FWI. These
alues has been driven from the dataset presented in
T able 11

| TABLE II
FFMC AND FWI VALUE
Ignition - - .
- |[Humi-| Temp- Humi-| Temp-| Wind- )
P (]it:\rll;llal dity |erature] FFMC dity |erature| Speed Rainf FWI
Low 30% | 17C| 50 | 30%|17C|5mph| 0 70
Moderate | 45% | 20C | 40 | 45% |20 C |18 mph| O 80
High | 65% |25C| 30 [65% |25C |23 mphl 0 | 90
Very High| 43% | 30C | 20 |43% [30C [30mph|] 0 | 95
Extreme | 32% [43C | 10 |32% |43 C |50 mphl 0 | 99

\
C. Relationship of Fire Intensity and FWI

| Shownin Fig. 6 is the relationship between the fire

intensity and fire weather index. Fire intensity indicates

the energy output measured in kilowatts/meter of the
rame length on the base region of the fire.

Fire Intensity and FWI Relationship

20000
18000 +
16000 +

14000 +
12000 +
10000
8000 1
6000 +

Fire Intensity(KW/m)

4000
2000

1 2 3 4 5
Fire Weather Index(FWI)

| Fig. 6. Relationships between Fire Intensity

D.  Measuring Time Detection
| Inournext experiment, we have evaluated various
aspects of middleware application that has been
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designed to measure the effectiveness of the proposed1
framework. Fire detection time metric is used to
evaluate the performance of the proposed system
Moreover, the detection time of the proposed system i
compared with existing state-of-the-arts to signify the
effectiveness of the proposed system as compared to
existing systems [Vviii, XX, xxiv, xxviii]. Shown in Fig. 7
is the fire detection time measure of the proposed and
existing state-of-the-arts. It can be observed from the
results that the proposed framework successfully detec
the forest fires more swiftly as compared to existiné

systems. |
[viii].
[xx]
[xxviii] [ " Energy
[xxiv] -— Utilization
Proposed System, F i ¥ Fire Detection
Time
0 05 1 15
Index (Energy & Time)

Fig. 7. Comparison between Existing Times ‘

In Fig 7, the comparison based on the energy and
time has been conducted with the existing solutioq
[viii, xx, xxiv, xxviii] and proposed system. It can be
analysed from the experimental results that thd
proposed system within the context of time is energy
consumption is much more efficient as compared to the
existing system. The dataset for the experiment hag
been presented in Table I11. |

TABLE III ‘
PERFORMANCE COMPARISON OF FIRE DETECTION
TIME |
Systems Fire Detection Time | Energy Utilization
Proposed System 0.34 0417
Son et al. [xxiv] 0.54 0.9817J
Belani et al. [xxviii] 0.45 0.557
Estrin et al. [xx] 0.83 0.98 17
Hefeeda et al. [viii] 0.66 0.657

It can be analysed from Table I1I. that the proposed
system detects fire ignition rapidly as compared to
existing state-of-the-arts. The identification of forest
fires at early stage is one of the main contributions oq

the proposed system. |
E.  Early Warning of Potential Forest Fires

Fine fuel moisture code (FFMC) indicates thé
relative ease of ignition and flaming fuel category due
to exposure to extreme heat. To analyze the system we
have investigated FFMC on different data inputs. Th
fine fuel moisture code is a positive integer with values|
in the range of (0 to 101)ignition rate. FFMC is the only

~component gf tlE ﬁLe WEathEr igiexi wig thg o&n-‘i

\
Fnded scale. In general, fire ignites at around 60-70 %
and it can shoot at maximum up to 96 %. High value of
FFMC is an indicator of possible fire ignition and vice
versa.

120
100

80
60 m [
40 |
20 "

0 LLRLRRLRL LLI
1 6 111621263136414651566166717681

LRI AR m’

\ Fig. 8. Temperature Analysis

‘F. Estimate the scale and intensity of the fire if it is
|  materialized
Fire weather index is used to estimate the scale and
‘intensity of the fire, if it is materialized. FWI estimates
the fire intensity by merging the rate of fire spread.
Initial spread index is used to calculate the fire spread
ate.

140

120 I}l

100
80
60
40
20

oo B e

o

1 6 111621263136414651566166717681

Number of Sensor

‘F ig. 9. Fire weather index changes as the temperature
| increases

| Ahigh value of the fire weather index indicates fire
fignition, if value of FWI exceeds the specified
threshold. FFMC and FWI are computed from the input

ata such as temperature, wind, relative humidity, rain
etc. acquired from the sensors.
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Relationship Temperature
and FWI

BFWI

m Temperature

1 : 7 i
0 50 100 150

Fig. 10. Relationships between Temperature and FWI‘

Shown in Fig. 10 is the relationship between the]
temperature and FWI. The temperature values are
plotted in combination of FWI values to give theJ
indication of a direct relationship between these two
parameter values. It can be observed that where the
temperature is high the FWI values are also high. A
some point in Fig. 10 the temperature and FWI strike,
rate is high. So it can be assumed from the Table IV
dataset that Temperature and FWI are directlﬂ
proportional to each other. ‘

TABLE IV
RELATIONSHIP BETWEEN TEMPERATURE & FWI
T FWI T FWI T FWI T FWI

13 26 27 29 21 13 29 45

18 28 80 110 13 21 30 43

19 29 21 33 20 44 29 36

15 31 30 33 16 23 10 25

27 45 29 21 12 15 89 | 120

15 49 20 13 16 44 29 17

24 12 15 50 13 31 18 18

11 39 20 46 25 18 14 46

19 28 10 43 28 29 23 41

14 30 28 18 29 14 17 25

21 11 21 46 19 31 20 44

11 18 13 43 29 49 18 38

24 33 17 12 25 25 16 18

10 34 11 13 15 32 18 31

30 13 25 47 21 18 17 23

19 23 16 35 26 47 19 28

15 20 21 49 11 25 29 43

29 13 14 19 18 13 23 24

24 23 100 | 130 18 40 11 46

25 25 17 20 18 10 26 45

15 16 27 29 21 13 29 45

22 26 80 110 13 21 30 43
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‘ The proposed research work demonstrates the
utilization of wireless sensor network as opposed to
traditional technologies like watch tower for forest fire

etection. Database is used for storage information
which can be effectively utilized for the process of
operationalization and verifications. The proposed
‘system acquires the input data from the sensors at real
time and effectively identify the location of forest fire
ignition and generates a warning message to
deinistrator.

The design and implementation of the proposed
fframework is based on Dynamic System Development
Ll:;[ethod (DSDM). Real time application testing is the

ost challenging task to evaluate the performance of
the proposed framework. The proposed system utilizes
fire weather index and identifies the location of fire
‘ignition. The proposed forest fire detection system
consists of a large number of inexpensive and small
WSN nodes. The detection accuracy of the proposed
‘system is significantly better as compared to traditional
approaches [xi]. Moreover, the proposed system can
detect forest fires more rapidly. Shown in Fig. 11 is the
bpplication interface of the proposed framework.

Early Alerting System for Forest Fire Based On Wireless Sensor Network

P and Terpersire

EoBHERRR YRR

| Fig. 11. Application Interface

| The systems can intelligently estimate the scale
Fnd intensity of the forest fires. Existing system uses
the FFMC index system. FFMC indexing systems
utilizes humidity and time environmental variables,
whereas the proposed framework uses four main

ariables (wind speed, rain, humidity, temperature).
[The existing system cannot be integrated with the third
Party open source application however the proposed
solution can also be integrated with third party
application. WSN identification can easily be located
as compared to the [xx] sensor network. However, there
still exists a demand to propose efficient real-time
solutions to detect forest fires in different geographical
locations around the globe.

\
| V. CONCLUSION

L ‘The proposed system presents a middleware and
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web application using wireless sensor network to detec
forest fires at early stage. The proposed framework
calculates the scale and intensity of the forest fires!
Middleware is based on the fire weather index an
successfully locates the position of fire ignition.
Wireless sensor network technology is found to be
more efficient as compared to traditional approachesw
for forest fire detection and estimation. It can be
observed from the results that the proposed system
detects forest fire immediately, and forecast about thi
forest fire danger rate with better accuracy. The
proposed framework can be extended by incorporating
the cloud technology and software as a service facilities
to the existing solution presented in this paper. |
|
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