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ABSTRACT

Wireless Sensor Networks (WSNSs) technology is tggema various domains like home security, healtagaanagement,
military applications, and so on. However, targetverage (TC) is one of the major exercises of WSk of energy-
efficient TC issues have been proposed over thegeBut, the underline principal of many of the@posed algorithms is
Maximum Cover Set (MCS). Cover Sets (CS) are deseltm MCS for sensor networks to observe the eeeggt. It is

challenging to achieve maximal CS and thereforés &in NP-complete problem. Besides, the each wodperates in
constructing the CS and as results consumes gignifiamount of energy. Thus, we propose genetiorighgn based
approach to optimistically manage the energy comsion for enhancing the WSN lifetime. The propasethod utilizes
the few sensors to manage all the targets and samebusly, enhances the sleep state of the nodatémd the WSN

lifetime. The proposed method assists in improthegoerformance of WSN by consuming less energgrpow
KEYWORDS:Genetic Algorithm; Lifetime; Sensor; Wireless Semsetwork
INTRODUCTION

Wireless sensor networks (WSNs) have been broapbrated for home security, healthcare managemeiitam
applications, and so on Amutha et al. (2020); Samgand Singh (2015); Cardei and Wu (2006). Noded us WSN have
a predefined radius for communication. They ararages in a clusters to form a sensor covers andutilized for target
monitoring in a particular region for a certain ambof time. In traditional coverage approach, gelie the information
about the environment is available and thus, optincoverage solution is attained by covering evarget through single
sensor Amutha et al. (2020); Sangwan and Singh5)20But, in real- world scenario such an approactes not
appropriate as any node can become unavailableaadugn out of energy. Hence, it is recommended aeehmultiple
nodes for continuously covering the targets MohliaA2017); Elhoseny et al. (2017a). But, it regsira appropriate
nodes management as significant amount of enertyy @msumed over the time Yuan et al. (2017); Ehyset al.
(2017b). Therefore, node status needs to be maatgroperly with time constraint for continuouyexage and optimal
utilization of energy resource. Thus, it is a NPaptete problem and can be addressed using evatuti@igorithms Yang
et al. (2014); Ahmed et al. (2014).

A node energy consumption is featured by data ctidle, processing and transmission. Also, varicasameters
like distance, throughput, and so on effects therallresidual energy of a node. Thus, various odtthas been proposed
in the literature to overcome the issues for enimgnthe life of WSN. The cluster based approaclhies llow energy
adaptive clustering hierarchy (LEACH) Heinzelmanakt (2000), energy efficient unequal clusterindge(EC) Li et al.
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(2005), and leader election with load balancinggn€LELE) Shirmohammadi et al. (2009) are propotseshare the load
to achieve the fault-tolerance system. Due to dyoarature of WSN, various clusters or Cover SetS)(&re possible and
thus, it becomes challenging to identify the bgstimal solution. To mitigate the issue, the evanéry algorithms has
been operated on WSN. The genetic alforithm (GA) reen used for enhancing the WSN lifetime Elhosgra}. (2014);

Yuan et al. (2017); Elhoseny et al. (2017b). Besidehybrid approach based on simulated anneaAy &nd particle

swarm optimization (PSO) algorithms has been intced to provide the energy efficient solution foSMW Wang et al.

(2007).

Based on above discussion, we can conclude th&$he static in nature and hence, fails to protideadequate

solution to dynamic WSN. Thus, in this work, we daroposed the following features to mitigate taglitional issues:

« GA-based approach is proposed to continuously mmithe targets and utilized the GA optimisticaity

identifying the suitable CS.

« GA-based approach develops the best CS by considelii the influencing parameters responsible é&mtucing
the WSN longevity.

« The proposed approach with respect to the requimessects the CS for enhancing the WSN lifetime.

The remaining paper is structured as follows: $@acfl discusses the literature survey. Section 3epts the
proposed model for the target coverage problenti®ed summarizes our experimental results andudsons. Section 5

presents the conclusions and future work.
RELATED WORK

Initially, LEACH was introduced with the concept dlistering for managing adequate the energy atibm among the
sensors Heinzelman et al. (2000). A particular seirsa cluster has been randomly declared as r@septative. As an
result, the energy loss was significant and hetioe,approach fails to provide the optimal solutiédfterwards, the
LEACH approach was extended by Nayak and Devulaf0i15) in fuzzy domain through the developmentfuxfzy
clusters. The restriction on communication betwensensors has been proposed in Lindsey and Raglrav(2002) to
exploit the distance property for efficient managetnof energy. Further, the distance property wasoeed by proposing
EEUC for identifying the cluster representativeetial. (2005). However, it has been observed thataach generates the
various sizes clusters based on the distance frase btation. Next, the coverage issue was handiemsidering the
location property in the field for constructing thogjical regions Nadeem et al. (2013). Then, thestekrs are developed
along with representatives and communications veggddd based on distance. Diallo et al. have intted the degree of
connectivity parameter to determine the suitabjrasentative of cluster and hence, the sensor deitlent connectivity

with other sensors has been considered.

Furthermore, the management of target coverage ([B€)been performed by constructing the approptygites
of CS Diop et al. (2014). Thus, a coverage-cemtade selection issue has been presented in ZoChaklabarty (2005)
and to mitigate the problem active node linked goiwey set was developed for performing the acteitiA concept of
scheduling for active and sleep node in WSN has liteoduced under low duty cycle Wu et al. (200Bg¢sides, the
nodes available in CS must be scheduled approlyriateincreasing the lifetime of WSN. Polynomiatre approximation

method was adopted for measuring the WSN lifetimeugh the data gathering and TC process Lu €2814). The
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analysis of energy efficient pattern in WSN hasnbgerformed based on transmission and consumpfienergy without
influencing the rate of sensing coverage Dao e(2fl11). Also, the analysis of WSN node energy besn performed
through targets for network longevity by designithg maximal set covers. It preserves the energwallmwing the
significant nodes to remain in sleep mode Cardeil.ef2005). The heuristic approach has been inted to improve
WSN liftime by determining the energy conservatitigjoint set to identify the suitable TC Ali Jamatial. (2010); Cardei
and Du (2005); Zorbas et al. (2007). The many nodese employed for improving the WSN lifetime andnbe,

scheduling algorithm was proposed in Li and Ga®®&0dor dealing with coverage problem.

Based on above discussion, searching for an opsiation is an challenge. Thus, artificial beeotgl based
approach was designed for sensor deployment toneeh&/SN lifetime Kittur and Jadhav (2017). The woigation of
sensors has been performed through GA to addreds thoverage problem Elhoseny et al. (2017b). iflkatification of
minimum active sensors for maximum area monitorlras been achieved through GA for efficient K-Cogera
Ebrahimian et al. (2010). The GA approach has hetnduced for efficient deployment of sensors taximize the
coverage area Mnasri et al. (2015). However, stagicaviour of CS unable to achieve the appropsatecture for
dynamic WSN. Therefore, in this paper GA is consideto continuously observe the targets for idgimg the optimal

CS to enhance the WSN longevity.
PROPOSED METHOD

Fig. 1 represents the proposed model for identifgire optimum CS. In the initial stage, sensorseaaded using binary
chromosome. In the second stage, the GA is opetatedbtermine the optimum CS. The candidates inGBeare

considered after each iteration based on targetigmosind nodes range. In the final stage, the mlasomes are verified
with respect to the all targets. Based on bestlahlai CS and expected energy consumption C, thé st group is

chosen for upcoming iteration to enhancing the Wifdtime.
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Figure 1: Proposed Method.
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Let, target set T = {1, T,, . . . .., | } is observed by WSN nodes W = f\\WV,, , Wy}. The area L x M
is considered for the installation of T and W. Al§omust be within the radius “R” of W, i.e. W>Th#& criteria is
essential to observe the T continuously for modiifg states of specific W to sleep when criteriana$ satisfied and
furnishing the system with dynamic characteristithe system assist in maintain the E of W and [fingirovide to
enhance the lifetime of WSN. Hence, a set of adiiware necessary to identify the suitable CS. HeR¢dE, and C are
considered for the selection of nodes. C is assiont®e active cover in the upcoming iteration. Thbs, total expected

consumed energy for a particular CS is given as

where N is the total number of nodes in a particGid. The total energy spend by the node is gigen a

JE:-:l:r:.-'z EF.?:'_'— E.’:L'{ + E?]

where Ry, Esx, and By is expressed as E utilized for receiving P- biada
Epy=PuGy

E utilized for hearing P-bits data

Eqy=PxG;

En=LxGu +LxG,,xd"

Where G signifies energy dissipated per bit per m?etemp are transmitter amplifier model parameters, and

path loss factor and Euclidean distance betweersatk expressed by p and d, respectively. Resitheagy of nodes is

calculated using following Equatidfresidual ' E U Etotal
In each iteration, the,&iquaWill be updated.

In the proposed work, each node is expressed asigem chromosome. The value hold by it is O (Stasleep
node) or 1 (Status: active node). The proposed @oherates the new population through the crossamdrmutation
operation. The uniform crossover approach is camsi in the proposed method due to its capabititpreserve the

solution sequence without affecting the diversitgliromosomes.

Also, scramble mutation approach is adopted in gheposed method to bring the diversity in the genet

population. Fitness function forthe evaluatiopopulation is given as

f= ‘;" E.re':!'ﬁ'ua.-'(a!'} + E:a:.-:.-' + l
. Ea) c d

Where, particular node a have the E at iterati@his the distance between the node and base. Ttiesfsts of
normalized Esiqua AlSO, the ratio of C assist in minimizing the @danverse d helps in preferring the node with mimin
distance.
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PERFORMANCE EVALUATIONS

This section presents and discusses the resultseoproposed optimized method. Also, the experialesgtup with

evaluation metrics is presented. The the stateeohtt method are utilized for the comparison efgloposed method.
Evaluation Setup

The proposed optimization work has been verifiedhgisimulation environment (CPU: i5 3.5 GHz, RAM:GB). The
results of proposed work is compared with Zhao @odusamy (2008); Katti (2019). The various paramsetenployed in
the work is presented in the Table 1 and pythongmmmming language is used with various libraries fioe
implementation of proposed algorithm. A 200 x 20@ 2D area is assumed for the experimental purpose w
homogeneous WSN. The T are installed randomly in M area with equal sensing range R for each Widgss the
analysis of proposed work is performed by varyimg multiple parameters. The node state switchipgpéas and thus, E
required for it is negligible. Fig. 2 demonstrate WSN topology with 30 T (red colour) and 100 Wegn colour). A
disjoint connected coverage algorithm (NCCA), nsjaint connected coverage algorithm (DCCA), and iwmmication

weighted greedy cover (CWGC) are employed for thmmgarison with proposed optimized approach.

- ingure. 2: WSN Topology.
RESULT ANALYSIS

This section presents and discusses the resuligiifierent parameter study.
Analysis of WSN Lifetime through Number of Nodes

The result has supported to determine the assmecibgtween W and network lifetime. Firstly, 150 V¢ aonsidered and
it is incrementally grown by 25 up to 350. Also, PGre deployed in the L x M area. Fig. 3 displthes effect of W on
WSN lifetime. A trend of rise in a WSN lifetime witthe increase in the W has been notified. A trisndbserved as
significant W’s are accessible for the activitydamajor W's are in sleep state. As an effect, icgmt E of WSN is
maintained with a rise in the W’s. The proposedmied method performs better than the comparatieelels. Hence,
the enhancement is the outcome of GA on netwoeltitife. The lifetime has improved nearly by 22.09860% and

almost stands consistent with an rise in W'’s.
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Table 1: Simulation Parameters

Prrameters wvalues

Metwork Size 20 m x 200 m

No. of Modes (W) Not fixed

No. of Targets (T') Mot fixed

Range of Sensors 100 m

Getee [Energy consumed by slectronics circuit in transmisson and reception) 50 n /bit

Gmp {Tranzmmt amplifer) 1000 pd /[ bit/m2 )

Gz (Ben=ing energy ) 2 ndf hat

Grp (Receiver enerpy) 30 ndf kit

Erx {Transmit energy) 50 ndf hit

E; {Imitial erergy of nodes) 20 Joule

P 500 Bits

Data rate 1 Kbpa

Path losy Factor p 2

3*Ewvaluation metrics WSN lifetime
Coverage time

Average energy consumption

150 178 200 235 IS0 278 3OO 33S 350
Nurmber of nodes
Figure 3: Analysis of WSN Lifetime through Number d Nodes.

Figure 4: Analysis of WSN Lifetime through Number d Targets.
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Figure 6: Analysis of Average Energy Consumption trough Number of Nodes.
Analysis of WSN Lifetime through Number of Targets

The result has supported to determine the associbgtween T and network lifetime. Firstly, 10 & aonsidered, and it
is incrementally grown by 5 up to 50. Also, 300 Vdi®e deployed in the L x M area. Fig. 4 displays éffect of T's on

WSN lifetime. A trend of reduce in a WSN lifetimétiwvthe increase in the T has been notified. Adrenobserved as
significant T's are accessible for the activitydaherefore, majority W’'s are in active state. Hemgignificant WSN E is
required with an rise in the T's. The proposedrofed method performs better than the comparatiodats. Hence, the
enhancement is the outcome of GA on network lifetiffhe lifetime has improved nearly by 30.0% td032.and almost

stands consistent with an rise in T's.
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Figure 7: Analysis of WSN Coverage Area through Rownds of G.
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Analysis of Coverage Time through Number of Nodes

The result has supported to determine the assotibitween W and coverage time. Firstly, 100 Wescamsidered, and it is
incrementally grown by 20 up to 200. Also, 30 Tre deployed in the L x M area. Fig. 5 displaysefiect of W’s on coverage
time. A trend of rise in coverage time with a erdeament in the W has been noticed. A trend is obdeag significant time is
needed for determining suitable W. Therefore, retéilme is consumed with rise in W’s. The proposptimized method
performs better than the comparative models bigiatii less coverage time. The enhancement is ttoeme of GA on network

lifetime. The time has decreased nearly by 30.02010% and almost stands consistent with an rigé'sn
Analysis of Average Energy Consumption through Numbr of Nodes

The result has supported to determine the assoibétween W and E consumption. Firstly, 50 W’scanasidered, and it
is incrementally grown by 50 up to 300. Also, 2@ &te deployed in the L x M area. Fig. 6 displéngsdffect of W’'s on E
consumption. A trend of rise in E consumption witlenhancement in the W has been noticed. A tretbssrved as
significant W’'s are are accessible for the activand therefore, majority W’s are in active staie the and receiving,
transmission, and sensing. Therefore, notable edsired with rise in W’s for target monitoring amdmmunication.
Some E is saved as all w's are not participatedeisigning the sets. As W'’s rise in the WSN, sigaifit W’'s cover T's
because W’s are densely installed. Majority of \&tsive means significant consumption of E by Wisgoocessing. W's

utilized E in communication and sensing of T's.
Analysis of WSN Coverage Area through Rounds of GA

The result has supported to determine the associbBtween GA rounds and coverage area. Fig. agisphe effect of
GA rounds on coverage area. A trend of rise in dowith decrease in coverage area is observed.tBaittrend is after
execution of 50.0% of rounds. A trend is noticedehese GA utilizes the resources effectively andcaeafter 50.0%

consumption of round the decrease in the coversggeia observed.
CONCLUSION

In this work, an GA-based algorithm is introducechindle the energy issue of the WSNSs. Also, theb@ged approach
presents a decent solution for the TC problem. groposed work handles and propose the nodes fectefély utilizing
the energy through evolutionary algorithm concépacquires through varying the node’s state anihdyically changing
position of targets. The proposed optimized apgraacerified by multiple parameters and it illagts the algorithm'’s
effectiveness. The GA algorithm chooses suitabldesoto cover all targets and, hence, improves Wi&ikinhe by
consuming less energy. Thus, it provides the swiuto energy as well as coverage problem. The egponethod

displays decent results in comparison to altereadiyproaches.
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