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ARTICLE INFO ABSTRACT
Article history: Forest degradation and deforestation leads to etidra of the annual worldwid
Received 04 December 2015 humaninduced emission of greenhouse gases, which chimgisersity losses and ti
Accepted 22 January 2016 destruction of millions of people’'s homes.Despite local/regional causes
Available online 14 February 2016 consequences are global. Designing, deploying.eaatliating a novel wireless syst
which detects the occurrence of deforestation factuch as Forest Fire, lllec
Keywords: Logging of Trees as earlier as pitde, requires substantial effort. Because itk &
WSN, Deforestation, Closeness factor, great challenge to design a WSN system for rarentedetection where netwo
Energy efficient, Network life time, lifetime and robustness is a major concern. In dpisroach, as soon as the deployn
Coverage. of the sensor nodes is made, tizese station will be grouping the set of nodesaleul

into two disjoint sets based on the closeness faiftthe nodes and keep one se
nodes inactive till the other node’s energy gefdeted.

INTRODUCTION

Forests being an imperative resource play a cruclalin maintaining the earth's Ecological balantee
key factors of deforestation are clear cuttingreés tree theft, forest fire etc. Massive scale defatst has
negative impact on the atmosphere leading to glalaaming, flash floods, landslides, drought etcciese o
these adverse effects, forest management departnaaet taken steps for watchinhe forest to forestall
deforestation.

WSN has several potential applications that hawet'been explored. Wireless sensor Networks (W
technology is being employed widely for monitoriagd controlling applications. In this paper, thelagation
for WSN most targeted on is for purpose of detectindpi@station Factors. A sensor module is deplc
within the forest manually or through a flying ottieThe sensor module consists of multiple senikes
temperature sensor, humidity sensor, etc. Tlollect the target surroundings data and incessamthsfer it tc
the control center where the necessary processtisdnout

Sensor nodes are less expensive and though itbggten in fire it won't be a great loss. WSN has
property of self configration and thus needn't be organized manuallyndJ8PS the exact location of t
fireplace is simply obtained and also the neaisssErvice will be easily informed using G<

Life time is the critical issue for many of the #pations, and energyould be a major constraint
WSN's,since a significant amount of the energy aasumed by the operations like transmission, sgn
processing and even the hardware operation in lsyjamde consumes a big quantity of power also. Whe
nodes are depyed in a geographical area, the node density clatilbe varied from application to applicati
as an example, the density may be as high as twedgs/m3 or more.The redundancy of the nodes
increase the dependability level of the whole nekwend increase the energy consumption also.

Open Access Journal

Published BY AENSI Publication

© 2016 AENSI PublisherAll rights reserved

This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0

To Cite This Article: K.Latha and S.Sathish Kun, Energy Aware Deforestation Monitoring Systehust. J. Basic & Appl. Sci., 10(2):
283-289, 2016




284 K.Latha and S.Sathish Kumar, 2016
Australian Journal of Basic and Applied Sciences,d(2) Special 2016, Pages: 283-289

disadvantage of higher density of node seen indéoyment stage may be exploited for achievinggne
potency. To attain the energy potency, it's necgsgaform one set of redundant nodes to stay iargn
conservation mode whereas the other set is inedaivfull power mode. In this approach, base gtais
chargeable for separating the deployed node in do &dditional disjoints sets. As soon as the depknt is
finished the base station will determine, which a@ig¢he nodes, that are closed to each othertdinatiempt to
separate them into two disjoint sets. Later it lseepe set of node in energy saving mode. Thesef seides
stay passive till the energy of the other set na@gedown below some threshold value. Hence,thee=figld is
efficiently depicted by a subset of active nodeat therform the task well. l.e. The Task of sensihg
informatiom and sending the perceived informatimomf the part of the region is done by this sub$etodes
one by one in a sequential manner. The experingenbmducted to review the effectiveness of theegutep
mechanism.

Related Work:

Surveillance plays a crucial role in forest manageimit had been employed in the past and ishstilhg
employed for observation and information assortmilainy surveillance techniques are utilized for ranmg
and prevention of deforestation. They're generalfssified as Ground-based sensing techniques antbte
sensing techniques.

Ground-based techniques typically include survedé by on-the-spot security staff and mobile patrol
watching the property by water, land and air (Mégehal., 2007). Some complementary systems like mounted
Earth System are used with observation towers glaatestrategic points with specialised personnel fo
observing and detecting the presence of fire. #dse systems are costly and time consuming, reguilenty
of resources.

Nowadays, remote sensing technologies are usedalétel images, automatic video surveillance, legs
surveillance systems and satellite imagery. Stgelihagery is incredibly pricey for use in monitagiany
illegal activity like trespassers, tree thieverydateforestation (if they're ready to detect at. &lh the other
hand, with the technological advancements in wa®leommunication, numerous low power, and low cost,
small-sized sensors nodes are out there which magyrdmptly deployed to watch surroundings over imsee
areas.

Environmentally, WSNs finds vast application indamanagement, agriculture management, lake water
quality management, fire detection, tree thievergvpntion and also in the prevention of deforestati
Additionally, WSN system has also been used f@istobservation in railway bridges. (Bischeffal., 2009),
developed an occurrence based strain observatietes$ sensor network system for railway bridgeyTinsed
low power MEMS acceleration sensors for detectingapproaching train. Whensoever this incident was
detected, strain gauges were operated and meastwetiation was used for cycle numeration baseigdhte
assessment of steel bridges. This event basedtidet@as developed to manage the power consumptioin
build the system more energy economical. Moreoselar battery-powered base station was used teaser
the system lifespan.

(Al-Turjman et al., 2009), focused the numerous design factors sapgdor WSN system deployment
particularly in harsh surroundings like coveragenreectivity and lifelong. They explored the problerh
placement of the relay nodes in 3D forest area.yTdheveloped an optimisation problem that focuses on
maximising the network connectivity with a limit ahe quantity of relay nodes used. They came up wit
threshold on a minimum range of relay nodes useddsired connectivity in harsh surroundings.

(Luming et al., 2008), studied and came up with a brand newni@olgy that combined the benefits of
video monitor and GIS systems for forest fire moritg. This combination of two techniques completedn
one another well and helped in increasing the aoyuof fire detection and thence prevention, reucthe
wrong alarm. Also, synchronous tracking of videonitmred spaces in GIS of forest resources helped in
obtaining a lot of correct info of the land typetbé affected area.

Some of the researches deal with achieving maximetwork life time and energy efficiency of the WSN.
(Samira Nematket al., 2012) The energy—aware immune system methoddetgcts the minimum range of
selected nodes which will send its informationte sink and considerably cut back the energy coptam
Additionally, considering the remaining energy loé tselected nodes, their energy is balanced. Hehoesing
acceptable sensors has a very important impactducing network energy consumption and increassltifé
span. By minimizing the error function, the foremasrrect sensors for transmitting data are gomde
identified and redundancy in data transmissiorgaieg to be eliminated.

(Ghalib A. Shatet al., 2007) Since energy conservation could be a &sye for WSNs, spatial correlation
has been exploited and an energy aware spatiadlabon based on clustering protocol is mentior@dster
head divides the cluster into correlation regiond auccessively selects a representative nodeeiry éggion.

In every cycle, it chooses a representative nodesalely this node is going to be active until vl of the
round, other nodes therein region is going to letime during that time span. The only downsidethié
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methodology is that cluster head has got to wadstenergy for selecting the representative node thisd
happens in every round.

(Fei Yuanet al., 2014), proposed the data density correlatiotofadhe proposed correlation degree is a
spatial correlation measurement that measuresdirelation between a sensing element node’s infooma
and its neighboring sensing element node’s infoionatWith the DDCD clustering methodology, the segs
element nodes that have high correlation are divid® constant cluster, permitting a lot of cotreallective
information will be obtained in cluster-based dafggregation networks created by the DDCD clustering
methodology. Also, the number of information senttte sink node will decrease.

MATERIALS AND METHODS

Fire Detection Mechanism:

The present methodology consists of standaloneshaxi¢h every box consisting of various sensors lik
humidity and temperature sensors. Those boxes eplwykd around the entire forest space so thantree
coverage is obtained.

A. Deployment of Sensors

Deploying the sensors is most significant issuebse it determines the potency of the whole system

1. The sensor ought to cover the entire forest miimum range of nodes

2. The gap between the sensors should be equadsiv's simple to calculate the rate of spreafiref

3. The sensors should be positioned such that #¢dsms are avoided

These sensors aggregates the information wirelesslytransmit the information to a base statioreséh
sensors are clustered and are active always.

They sense the parameters each quarter-hour émeléf's a chance of fire detected then the parasnate
going to be measured every 2 minutes. This is dfiequt back the usage of battery power.

Algorithmfor Fire Detection

1. Initialize all nodes and synchronize it to saloeic

2. Nodes in the cluster are virtually connected tmase station and all the base station are cath&xthe
control center

3. When the humidity of air is high, LM 35-a kinfilsensor senses the temperature and transmitshi¢ to
base station every 30 minutes

4. The rate of measurement is increased to evergiGteswhenever the humidity of the air reduces.

5. The no deentersthesleep state whenever thestatupe is less than the threshold value,otherhgset
sensor continuously senses the temperature arghtitsrtheresult to the base station

6. A node sends a danger packet to its neighbarintgs when it senses a fire and the timer is stae
the timer is run till it gets a fire alert. Thistis calculate the rate of spread of fire and tmedation of spread

7. The base station collects all the values antlitates the rate and direction of spread of fire

Distance between two nodes
Time interval between reception of
alert and fire detection

Rate of spread of fire =

8.By using the GSM, alert messages is sent to gedlthges to relocate the people to a safe logalit
Topology Design for Fire Detection:

Fig. 1: Deployment osensor

Figure 1 depicts the topology of the sensor notlshguld be pre planned based on the density eftre
within the forest area. When the density of treesore then there are more possibilities of firdhestrees
more often rub one another producing heat dueidtidn. In such cases the amount of sensors deglslyeuld
be higher. While considering the energy restrictibe detection of fire as early as possible shawdt be
compromised.
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Mechanism for Tree Theft Detection:

The typical setup of the deforestation observampgdi@ation is shown in Figure 2. Few wireless notsas/
N1 to N10) that are accountable for sensing theiipd physical entities and communicating thisommhation
are deployed in the forest. The data gathered byntides is transferred to their upstream routeng Base
Station (BS) is employed that gathers the data ftbenrouters. This BS is successively connectetiost
system through wireless connection which finallggasses the data received from the BS and takesmajgie
decision.

In our application, the wireless sensor nodes apemed on every tree so as to shield the tree from
essential events like thievery, fire etc. Wirel@smote is the name given to every node. Few T-muoteie
hooked up to the tree models. It shaped an easgnuigriree constellation to route packets to thd hgstem.
The Tree thievery detection approach adopted byedrétates can be explained with the assistanEeofe 2.
From the figure 2, it is shown that fall event ete@tted on N10 which can be generated in caseethievery.
Once the tree is falling, the tilt sensor generétesevent and activates the node which is prelyianssleep
mode. This node transmits a beacon signal for dgfired amount of time to awaken the sensor nausde
its range. A dynamic routing path created in thating section is employed to send this messagbedase
station that is connected to the host system. ik ¢lkample, routing path created via Node 8, 62,41 is
employed for alert sending.

) L _{ N:Node
BS:Base station

Fig. 2: Demonstration Scenario of detecting a Tree Thefiising WSN

Network Design & Constraints:

One of the vital aspects of the network desigmha the communication of data among the sensorsnode
Therefore, it's extremely necessary to design enosa routing algorithm considering multiple comsitits like
low power consumption, scalability, fault tolerareoed reliability that are inevitable in wirelessveganment.
There are 2 kinds of routing possible based orfuhetionality of the nodes within the network naméelat
routing and hierarchical routing. In hierarchicaliting, the entire network is split into multipléetarchies.
With relation to the level of hierarchy, every nod@s completely different functionality. Zigbee,eoaf the
commonly used hierarchical routing protocols whime nodes are organized in a hierarchical manneftat
routing protocol (mesh routing protocol), all thedes within the network are organized in the samemtchy
i.e. all nodes within the network have a similardware and functional properties. Eg. Directedudiidn. In
this study, we tend to propose a mesh routing podtesystem appropriate for monitoring the forest
environment, wherein the nodes within the netwak ia the same hierarchy. The proposed protocotHisr
study is an incident based protocol, where the sig@dmerate data corresponding to the incident cetwand
transmits it to the sink.

The protocol has 2 phases: Configuration phaseRanding phase.

Configuration Phase: During this phase, the emée®vork is in wake up state. The sink node sends th
configuration packet that traverses through thewaet in multiple hops. All the Nodes receive the
configuration packet and construct the routing datiRouting table is employed to route the info gask
towards the sink node. Once the network is conéiguthe sink advertises the sleep ghel over the network
and all the nodes move to sleep mode.

Routing Phase: During this phase, an incident tiedewithin the locality of the sensor, wakes up the
sensor node and records the perceived informatidineanode. This node then transmits a beacon Isigha
pre-defined amount of time to wake up the sensalesdnside its range (neighbours).The node setbets
upstream node (towards the sink) using routingetétforward the data packet. A similar procedureaisied
out on the selected upstream nodesto route thepaateets to the sink node. The nodes enter baoksieep
mode after aspecified period of time.

Proposed Method For Energy Efficient Routing;:

Network lifetime can be defined as the time spamfithe deployment to the instant when the netwsrk i
considered no longer working. The decision of cd&isng a network as nonfunctional is however, ajapion-
specific. It can be, for example, the instant wherertain fraction of sensors die,loss of covexagmirs (i.e., a
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certain portion of the desired area can no longembnitored by any sensor), loss of connectivitguos (i.e.,
sensors can no longer communicate with APs), odétection probability drops below a certain thoéghFor
a highly sensitive or a critical application, thetwork is considered as nonfunctional soon after@e node
depletes its energy. For a less sensitive appdicathe network is considered as functional tilljonaset of
nodes or all the nodes depletes their battery gn@&igce channel states are independent of resghegies
(the sensor with the better channel may have lesislual energy), a lifetime-maximizing protocol dedo
strike a balance between these two often confjotibjectives.

In the proposed technique, as soon as the nodedepleyed; the base station will initially gathéet
geographical position of every individual node. &h®sn the closeness factor, the nodes which aleykpare
grouped in to two separate disjoint sets. The $iestof nodes will be active initially during whitthe second set
of nodes will be in the energy saving mode or gepl mode. The reason for separating the nodes tinato
disjoint sets is, when the nodes are randomly deplothey can be anywhere in the chosen geogrdprea.
When two or more nodes are lying nearby (very closeach other), they sense almost same informaltion
such cases the information will be redundant. Tlakthis for energy benefit, we will find out tredoseness
factor between the nodes (calculate the distanteele® the nodes). Based on this closeness fagtidedhe
deployed nodes into disjoint sets. If this clossniegtor is less than the threshold value, sepaath nodes
and maintain them in a different set. The selectbrthreshold value for the closeness factor isliegiion
specific and should be carefully chosen. For alighnsitive application, for example, seismic eoriment,
closeness factor threshold chosen must be low.iBBaur application,the main focus is on for tempera
monitoring, so that the closeness factor threshwdg be high. In other words, these nodes are nadeeant to
the farthest node reporting. The closeness facdilbbe/varying from application to application.

We have considered choosing the closeness faceshibld as 10 m. For a higher sensitive applicatien
threshold chosen will be less than 10m.

Nodes Deployed Randomly l

e Positionof | | Closeness
the Nodes Factor

Fig. 3: Proposed Enery Efficient Routing Architecture

Figure 3 depicts the proposed energy efficientinguarchitecture.When the nodes of first set (Listare
active, the base station will monitor all the egeot the sensors. The rate of data sensing ofddesand data
transmission are monitored by the Base statiomattktthe energy level of active set of nodes. Tiant at
which the second set of nodes (List B) are to b#vated is determined by the Base Station and in tu
generates an appropriate control signal to “Turhtibe nodes of List B.

Algorithm used:

The algorithm for grouping the deployed nodes (LTiNYo set of two disjoint sets (List A and List B)
based on the closeness factor ‘theta’ is givenviaelo

1. Deploy the ‘n’ nodes in the specified geogragriea (List of total nodes LTN), the nodes are ol
in random fashion.

2. Each node is represented by its X and Y cootdiray. ith node is represented a&<N Y;) and all the
nodes are initially active.

3. Get the geographical position of each individuadle in to the Base Station and copy the lisheftotal
nodes LTN in to List A.

4. Fori=1ton-1

Forj=2ton

If i# then

Dy = sart (%-X)” +(Y:-Y))?)

If Dyj< theta thenList B = {N}

I* Copy the node N(X;, Y;) in to ListB.*/

End if

End if

End for
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End for
5. All the nodes of list B are set to power savingde or turned off, keeping the nodes of list Ahe
active state.

Results:
Performance Evaluation:

The performance of the above proposed model isuated by using ns-2 simulator. The performance
result of the proposed mechanism is compared Wwembrmal flat routing protocol. In the simulati@mea was
considered as an area of 100 m X 100 m. Initiatggnef every node is assumed as 10 Joules. Theruss
factor threshold theta is assumed as 10 m. Thelaiion parameters assumed are given in the Table 1.

Table 1: Simulation Parameters

Variables Values
RxPower 0.00175W
TXPower 0.00175W
Initialenergyofevery node 10J
SleepPower 0.0005W
TransitionPower 0.002W

We have considered two issues namely Coverage atdork lifetime. Initially, all nodes were set in
normal mode ‘on’, and performance is evaluated.nBbeugh, it is felt that, the proposed methodadmg to
utilize the resources efficiently, if the set ofrnodes did not cover the entire network area ithisrof no use
if the resources are saved. So, the area coveratfeemodes of the normal flat routing protocotdmpared
with the proposed method. The deployment of theeriedn random fashion. After applying the presaethod
the LTN is grouped into two sets.

One of the parameter chosen to find out the effentiss of the proposed mechanism is the coverathe of
area by the nodes deployed. The coverage of tlzetaréhe nodes in normal flat routing protocol ansidered
as100%. In the proposed mechanism, the total deglagdes are grouped in to two separate listscdherage
of the area by the distribution pattern of the modéList A and List Bare determined and normalizedhe
area coverage of normal flat routing protocol.

By this approach, a conclusion can be made, evengtha set of nodes are turned off, the coverage is
almost equal to the normal flat routing protocohother parameter chosen to prove the effectiveobsise
proposed mechanism is the network life time. Thisvaek life time was measured and is compared with t
normal flat routing protocol. In this experimentg vave considered network lifetime as time spamftbe
start till any node losses its battery power congbye By using the present approach ,the netwdekimhe
expected to be doubled than the existing method.

Conclusion and Future Work:

Wireless detector Networks (WSNs) are still a gsiechnology and far literature out there remains
theoretical, thus practical deployment guides usicigial experience are few if any. In this papermentioned
the aspects of using wireless sensor networks &fordstation monitoring and alerting using rare néve
detection with immoderate low power consumption.this paradigm, 3 sensors (mercury sensor, humidity
sensor& temperature sensor) that work well fordbeection of fire and tree thievery were chosen eveht
based routing protocol was used for alert routing avent detection. For achieving maximum netwdfe |
event based routing is combined with energy effici®uting protocol that is based on closenessofact
sensor nodes. Among the deployed nodes, the nadedivaded into 2 totally different sets based bt t
closeness factor. The primary set nodes are twnet the start, and once the energy of the angode within
the initial set is nearing to zero, its a perféctet to activate the second set of nodes, which warker in the
sleeping mode.The projected methodology assuremth@mized network life than existing approaches.aA
future work,a similar technique will be extendecdhterarchical routing protocols also.

Table 2: Accronyms Used

WSN Wireless Sensor Network

GPS Global Positioning System

GSM Global System for Mobile Communication
MEMS Micro-Electromechanical Systems

GIS Geographical Information System

DDCD Data Density Correlation Degree

TCP Transmission Control Protocol

CONFIG Configuration Data of Nodes

LTN List of Total nodes
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