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ABSTRACT

Recent technological advances in communicationg leaabled the development of low-cost, low-powerals
in size, and multifunctional sensor nodes in a 8® sensor network. In wireless sensor netwoakgelnumbers of nodes
are deployed over the area of interest which hactielation to the cost of the network. Sincertdmdio transmission and
reception consumes a lot of energy, one of the rlapbissues in wireless sensor network is therattelimited battery
power because of which energy of sensor nodesdyaised off. Thus minimizing energy consumption analximizing
network lifetime is important in the design of apptions and protocols of sensor networks. In fraper, we have
proposed a new algorithm “EFFICIENT ENERGY SAVINGLBORITHM BY MODERN CLUSTER HEAD
SELECTION IN WIRELESS SENSOR NETWORK". The proposaldorithm uses Gaussian elimination method for
selecting the cluster heads. It considers the nuard residual energy of sensor nodes along \withdistance and also
estimates the number of rounds in which a nodebeacluster-head. Our goal is to confront an emer¢gechnology and
solve the limited energy problem by using propoalggrithm and increase the network lifetime for bedterment of the

wireless sensor networks.
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INTRODUCTION

Wireless Sensor Networks

A wireless sensor network (WSN) consists of splgtidistributed autonomous sensors to monitor plajsic
environmental conditions. These nodes sense theugenvironmental changes e.g. temperature, soubdation,
pressure and report them to the base station owrtable path. The development of wireless senstworks was
motivated by military applications such as batdkfisurveillance. The nodes communicate wireleadtly each other and

a particular environment may consist of hundredsvan thousands of nodes. The WSN consists of taio components
[1]:

» Sensor nodes

» Base station

The block diagram of a wireless sensor node iseptesl in Figure 1 It is made up four basic compsien

sensing unit, a processing unit, a transceiveramdta power unit.
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Figure 1: The Components of a Sensor Node [1]
* Sensor Nodes

The sensing unit is used to sense the various Edeasn It consists of a sensor that is used toesthresvarious
parameters for data transmission. Processing sin#ed to process the sensed data. At every nededhived data is first
processed and then sent to the next node. It alsgigts of a transceiver unit by which data is semeceived by the node.

And most importantly it consists of a small battdrst is used to power these devices.
* Base Station

A Base Station links the sensor network to anotietwork. Deployment of base station in a WSN isyver
important because in the end the whole data imgivéhe base station from the nodes. Sometimegsatteealso referred to
as sinks. Base stations have enhanced capabiiiexs simple sensor nodes and they can do complex pracessing.
Due to this base stations can be considered asstatidn class processors which have enough mereagrgy, storage

and computational power to perform its tasks well.
Energy Concern

Sensor nodes are generally small, light and ch&lsp. the size of the battery is limited. NormallyAfdatteries
store 2.2 to 2.5Ah at 1.5 V. Now as these sensdesare usually placed in remote regions e.g. namsjtforests etc, one
cannot replace these batteries again and agairceHbase batteries should be durable and long.|Batthe size of the
battery cannot be changed so as to keep the nadpamt, hence different routing protocols and atgani should be
developed that would increase the lifetime andcifficy. Thus energy saving becomes one of the nmmgsbrtant

parameters of wireless sensor networks.

In proposed algorithm, we use a different methadctastering and routing. Cluster head selectioddse by

using- Gaussian elimination method. The methoaifopmed only once in the start of the simulation.

Equilateral triangular node deployment is used tiias efficient coverage and minimum overlappirgaghus
reducing the overall cost of the network. Noderdnait data in the multi hop fashion in given TDMlats. Hence, energy

is saved efficiently and network lifetime is incsed further in our proposed algorithm.

Impact Factor (JCC): 3.2029 Index Copernicus Value (ICV): 3.0



Efficient Energy Saving Algorithm by Modern Cluster Head Selection in Wireless Sensor Network 169

RELATED WORK
Sensor Node Deployment

The table below shows the effective area coverggahious arrangements of the sensor nodes.

Table 1: [7]
Grid Type Efficient Cov_erage Area Efficient Coverage Area Require2d
Ratio for Deployment of Sensors Sic (")
Square 0.634 10.28
Triangle 0.818 8.88
Hexagon 0.901 19.81

LEACH (Low Energy Adaptive Cluster Hierarchy) [8bmsists of two phases: set-up phase and steady-stat
phase. In set-up phase cluster heads selectiosteclformation and TDMA scheduling are performadsteady phase,
nodes sends data to cluster head and cluster lygmdgates the data. Aggregated data is sent to dtasen. After a
certain time interval, re- clustering is done. Nelwster heads are selected so as to maintain amiémergy distribution
among sensor nodes. Role of cluster head is rotatall the sensor nodes to make the network |@danioe. In LEACH

number of cluster heads can be different in eaahdo

HEED [4] (hybrid energy efficient distributed clesing) does not select cluster head randomly. Only high
residual energy nodes are selected as cluster Aésa probability of nodes within each other’s rangecoming cluster
head is reduced. Probability of cluster head seleatan be adjusted to ensure inter-cluster headazivity for given

transmission range.

In EECR [3] (Energy efficient clustering routinggatithm), during the first round the base statipfits the
network into sub-clusters and then those into smallusters, till the desired number of clusterstimined. The base
selects a cluster head for each cluster accorditiget location information of their nodes. In Leathster head is selected
randomly in each round whereas in EECR the clusted is selected based on weight of node whicludies remaining
energy of node, no of neighbor nodes and also tatabf times in which that node has been the etustad. Thus energy
dissipation in network can be made even. Energguamption is reduced by 20% as compared to LEACHthatefore

life span of network can be increased.

ANCAEE [2](A novel Clustering algorithm for Enerdyfficiency) is cluster based algorithm consist ofimd
which involve CHs selection, cluster formation arghsmission of data to base station. In this @lgar, the sensor field
is partitioned first and cluster head is selectegeshding on probability. Data sensed at a noderiste cluster head using
a single hop & from cluster head a multi hop pattierused to transmit data. Because of this aflehergy can be saved

instead of direct transmission & extends netwdiilne.

PROPOSED ALGORITHM: EFFICIENT ENERGY SAVING ALGORIT HM BY MODERN CLUSTER
HEAD SELECTION IN WIRELESS SENSOR NETWORKS

To provide energy efficiency and for extending tiework lifetime, most of the protocols are basacchsters.
These clusters also consist of a cluster head (8BQles in every cluster send data to the CH anah ttluster head the
data is further sent to the base station direatlyi@ multi-hop routing. In the various algorithnmyde with higher energy

is selected as the CH at the start. However, thpgsed algorithm uses a unique mechanism to selectle as the cluster
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head. It considers the current and the estimatedlefuesidual energy of the nodes, along with thalmer of rounds that
can be cluster heads, in order to maximize the ortwfetime. This is achieved by using tlizaussian elimination

methodto calculate the nodes which can be the clustedt had for how many rounds it can be the clustedhea

The base station is assumed to be located at @ fii@sition and has unlimited energy. Dependinghendistance
from the CH to BS, energy requirement will chanifehe distance is large then more energy will lBeded and vice

versa. The whole area is divided into various nusbéclusters and from every cluster a CH is getbc
Sensor Node Deployment

Equilateral triangular sensor node deployment iedugn proposed algorithm. On studying various node
deployment methods, we found that efficient coveraf the area of interest is achieved on deploynoéntodes in
triangular fashion. Hence equilateral triangulad@aleployment over the other available deploymenpreferred for

increasing the network lifetime and achieving betféiciency.
Cluster Head Selection

In this protocol, in order to elect a cluster héfael Gaussian elimination method is used. CHs deetsel in such
a way that there is minimum consumption of energyhie cluster. Clustering is performed only onc¢hatinitial stage
and hence the protocol can avoid the time and gnemgsumed for re-clustering. The BS uses the Gausdimination
method in order to compute the energy consumed bgpde if it becomes a cluster head at the very nexhd by

considering all possible combinations. Gaussiamiahtion process is basically carried out in 2 step
e Forward elimination technique
» Backward elimination technique

The forward elimination technique is used to fihd tank of the system by use of elementary rowaifmars. In

the second phase solution of the system aboveiisifar his can be explained by using a simple exaraplgiven below:

Let us assume that, mati represent the energy consumed by every node ioltistermy; denotes the energy
consumed by nodif nodej is the cluster head. aikds the total number of nodes in a cluster. Additionati denotes the
residual energy of nodewhile x; expresses the times that nodmn become a cluster head. In this way, matfitaad X

are formed, so tha&-X = B, as shown below:

mil m2 m3 mi4 ... mk ||| |12

m21 m22 m23 m24 .. m2k|[x2|_|n2

m31 m32 m33 m34 .. mk||x3| |n3

m4l m42 m43 m44 ... mdk||x4| |n4d

mkl mk2 mk3 mk4 ... mkk||xk nk
Proposed Algorithm

Following assumptions are made at the start irdéhelopment of the wireless sensor model
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e Base station is located far away from the sensor

» All nodes have same initial energy.

» All nodes are immobile

* Itis assumed that the node always have the datartemit.

Set-Up Phase
INITIALISATION

Numbers of sensor nodes are ‘m'’
Equilateral triangular topology is used for serdeployment.
Cluster Head Selection
» The BS requests the nodes to advertise themselves.

» Each node broadcasts a message to advertise igydegel and location to its neighbors. Along witheach

node also sends its unique ID number.

» Based on this exchanged information, each nodeupetsneighbor information table that records thergy level

and the positions of its neighbors and sends dhite talong with its corresponding information ®neighbors.

e This step is repeated until the information oftal nodes in the network is sent to the BS, allgvitre BS to

have a global knowledge of the network. At thigpstdl the nodes are cluster head candidates.

e As soon as the node advertisement is completedB$heuns the Gaussian elimination algorithm and ates

the appropriate number of rounds that the nodebearuster heads, trying to maximize the netwiekime.

* The BS broadcasts the unique IDs of the newly s=decluster heads, and their cluster members anddbes
use this information to form and enter a clustdrergfore, each node has the knowledge of the nuofiénes

that it can be a cluster head and the number @ftitinat it cannot.
Data Transmission
* The data transmission starts.
e The transmission power of every node is adjustete¢aninimum necessary to reach its next hop neighb

« Every lower level cluster head transmits the datéhe upper level cluster heads until the datahesthe base

station.

* This process is carried out till the sensor nodesrhe.
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SIMULATION RESULTS AND DISCUSSIONS

Simulation Parameters

Table 2
No of Initial Sensor Field | Base Station| Distance of Base Station Round
Nodes Energy Area Position From Closest Node Time
100 2J 100 x 100 mZ (130,60) 100m 5sec

The proposed algorithm and the LEACH protocol iplemented in NS2 with the above parameters. Ther&ig
below shows the sensor node deployment of the gespalgorithm. Deployment of nodes is not doneaimdom manner.

Instead of that, equilateral triangular grid isdifer sensor node deployment so as to reduce ddtadancy.
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Figure 2: Node Deployment of the Proposed Algorithm

Figure 2 shows the clustering process of the preghadgorithm. During the process all nodes arectitio green
color indicating that the clustering process isngoon. The base station uses the Gaussian elimmatethod so as to

select the cluster heads. Once the calculationrnig dit sends the unique node id to the clusted.hElis unique id is sent
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after every round interval and therefore at theifo@gg of every round interval all nodes are turt@dreen color. Figure
3 shows the cluster heads and cluster membersihEACH protocol. The red color sensor node is usedenote the
cluster members and the blue color node denotesltitser head. The distribution of cluster headhas at all even.
Similarly, Figure 4 shows the cluster heads andtelumember of the proposed algorithm. Due to elistribution of

cluster heads, cluster member always send dakeitortearest cluster head thus reducing energyuoapison.
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Figure 3: Clustering Process of the Proposed Algahm
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Figure 5: Cluster Head Selection of the Proposed gbrithm
Comparison of LEACH protocol and the proposed afgor is shown for Average energy dissipation vsviek
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lifetime in Figure 5Energy saving can be easily determined from théoviehg graphs right from the start of t
simulation. At 68 round, almost 1J of energy is utilized in LEACH} bine proposed algorithm uses only 0.7J of ene
Also it can be observed that fabEACH, the Average energy dissipation almost becom®J at 1C" round whereas for
the proposed algorithm, it takes about 125 roufthsis, it can be clearly seen frcFigure £ that performance of the

proposed algorithm is much better than LEAC
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Figure 6: Average Energy Dissipation (Joulesvs Network
Lifetime (Rounds) for LEACH and Proposed Algorithm
Similarly Figure 6shows the graph of Nodes alive (number) vs Netwifetime in rounds for LEACH an
proposed algorithm. Once again the prop algorithm shows better performance than LEACH protoFrom the grap
below, at the 60 round, there are about 60 nodes alive for the LEAEttocol whereas the proposed algorithm still
100 nodes alive and functioning properly. More gely, in tte case of LEACH, all the network nodes are deplbtethe

end of the 118 round. On the other hand, for proposed algoritta Jast remaining node is depleted in the™ round.
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Figure 7: Nodes Alive (Number) vs Network Lifetime
(Rounds) for LEACH and the Proposed Algorithm

Advantages of the Proposed Algorithr
» Equilateraktriangular deploymergives efficient coverage and thus prolongs netvifekime.
e Multi-hop approach reducesnergy consumption of nodes faray from cluster hea
e Gaussian elimination method is usfor cluster head selectiofhis helps in prolonging network lifetin

* Gaussian elimination method not only considergdiseédual energy of the nodes but also its locdtidhe cluste
for selection of the cluster kd. Hence the possibility of selection of a nodea atuster head which is at the ec

of cluster is removed.
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e Gaussian elimination algorithm performs clusterardy once at the initial stage which saves time andrgy

consumption for re- clustering.

* As TDMA schedule is set up by the cluster-head insl transmitted to the nodes in the cluster thee no

collisions among data messages.

* The radio components of the nodes are turned afiduransmit time of the other nodes which redueesrgy

consumption.

Limitation of the proposed algorithm is in multi h@pproach the area near the sink is burdened heitvy
traffic, thus becoming hotspot. Because of thissthiesor nodes in the hotspot are prone to drainghergy and die faster

than other nodes, which will further cause problémdata forwarding to the base station.
Future Scope

Proposed algorithm can evolve into a protocol byriag “super-clusters” out of the cluster head rsoded
having a “super-cluster head” that processes tlee fleam all the cluster head nodes in the supesteiu These changes
will make the proposed algorithm suitable for aevidange of wireless sensor networks. This papesiders only static
nodes making them dynamic or mobile would furtheecréase its application and give whole new dimeng® the

network.

As discussed in this paper Energy saving in bases important. The concept of WiTricity can bedigs it can
be easily used to transmit power to the remotesaMarious primary stations can be constructedthese stations would
have a particular area under their range. There bwylarge number of sensor nodes under this phaticarea.
PowerbyProxi uses coils to transmit and receive gyoletween a power transmitter (PTx) and powerivecgPRX).
Depending on their specific power requirementshefélectrical devices, this power controller retedahe power flow to
the device from the receiving PRx coil. Furtherm&fe antennas need to be tuned to maximize the Isigreangth and
increase efficiency and hence in Powerby Proxitargad tuning technology called dynamic harmoniationtrol (DHC)
is used. It provides better performance by dynaltyiozarying the frequency in response to environtakmand load
changes. Also various advantages like better effiry, reduced receiver size & negligible electronadig interference is
achieved. Efficiency of around 90% can be achiduedsing Proxi Wave technology|[6]

CONCLUSIONS

Wireless sensor networks have many applicatiorsumday to day life and it can be used to playrapdrtant
role for a number of applications. Energy savingats important issue in wireless sensor networksthén proposed
algorithm, we have proposed Gaussian eliminatiorthowe for the cluster head selection, which redueesrgy
consumption and make the wireless sensor netwooke gfficient and reliable by not only considerthg residual energy
of the nodes but also its location in the clustersklection of the cluster head. Gaussian elinunanethod also computes
the number of rounds for which a particular node lbacome cluster head. Equilateral Triangular depémt is used for
the sensor nodes which gives efficient coveragethns prolongs network lifetime. Further TDMA schézlis set up so
as to reduce collision & save energy. Also multp mouting scheme helps in reducing the energy aopsion. Thus the
proposed algorithm will help in reducing the ovemdwer consumption and increase the efficiencyhef network by

saving the energy of the wireless sensor network.
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