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Abstract

As the use of wireless sensor networks (WSNs) hasrgenormously in the past few decades, the néed o
scalable & energy efficient routing and data aggteg protocol for large scale deployments has aisen.
LEACH is a hierarchical clustering protocol thabyides an elegant solution for such protocols. @eficiency that
affects the performance of the protocol is existeotvery large and very small clusters in the ekwat the same
time. This leads to the decrease in lifetime of V8SI this paper, the proposed and analyzed a nevgyg efficient
clustering protocol (Improved FZ-LEACH) that elimiies the above problem by forming Far-Zone. FareZisra
group of sensor nodes which are placed at locatiwwhsre their energies are less than a thresholé Th
communication between nodes and Sink is based eretiergy consumption and the minimum distance. The
communicating nodes only will be in active and teémaining nodes will be in sleep mode, to thislsegheduling
algorithm has been used. The simulation resultsaaradysis show that proposed Improved FZ-LEACH athm
outperforms LEACH in terms of energy consumptiod aatwork lifetime.

Keywords: Cluster formation, Far zone formation, LEACH mroal, Routing protocol, WSN.

I ntroduction

A wireless sensor network (WSN) consists
of a number of sensor nodes which can communicate
wirelessly. A wireless sensor node usually comgrise
of a microcontroller, a low power radio transcejver
sensors, and a battery power. The purpose of these
nodes are to monitor a given set of environmental
conditions, such as temperature, sound, lighther t
movement of chemicals or objects or vibrations.
WSNs are often installed in very harsh environmenta
conditions where the human monitoring is very risky
such as in high alpine environments [1] or on
volcanoes [2], forcing them to run unattended for
most of the time. These nodes continuously serese th
environment, communicate events to each other and
route their information to a remote base statidme T
most important challenge in achieving this goahis
power constraint on these small, low cost sensor
nodes. Since energy is the major constrain in WSNs,
therefore, to solve the energy constraints probdém
WSNSs, various energy efficient routing protocols
have already been proposed such as LEACH [3],
PAMAS [4] and HEED [12].

The main objective of the routing protocols
in wireless sensor networks is to find approach for
improvement of energy efficiency and reliable
transmission of sensed data to the base station. In
recent years much research work on power-aware
routing has been done [5]. In these protocols the
sensor nodes are grouped into clusters. Each cluste
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has a cluster leader known as cluster head (CH). Th
CH may be a more powerful node. These CHs collect
the information from various sensor nodes and after
Aggregation/fusion forward it to the base statibast
decrease the number of transmitting packets [6].
Low-Energy  Adaptive  Clustering  Hierarchy
(LEACH) is one of the most popular cluster-based
routing protocols in wireless sensor networks. The
cluster formation process in LEACH is based on the
received signal strength. LEACH clustering
algorithm is simple but does not guarantee about
even distribution of cluster heads over the network
In this protocol it is assumed that each clustexdhe
transmits data to sink over a single hop. LEACH
protocol has some deficiencies such as,

1. Some very big clusters and very small
clusters may exist in the network at the same
time.

2. Unreasonable cluster head selection while
the nodes have different energy.

3. Cluster member nodes deplete energy after
cluster head was dead.

In this paper the proposed solution of the
problem of existence of the large clusters in the
sensor networks. For this purpose an improvement in
pre-existing LEACH protocol, known as Far-Zone
LEACH (FZ-LEACH). A zone is formed within the
cluster based on minimum reachability power (MRP),
known as Far-Zone. The idea of MRP is borrowed
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from HEED [12]. MRP can be considered as
communication cost from a node to base station.(BS)
If MRP from a node to BS is greater than the averag
minimum reachability power (AMRP), then this node
will be considered in Far-Zone. Formation of the-Fa
Zone can be done only after the process of cluster
formation is over. Once Far-Zone is formed, nodes
within the Far-Zone select a zone head (ZH) of
highest energy. ZH role will be rotated in every
round. All nodes within the Far-Zone can directly
communicate to the ZH rather than CH. ZH collects
and aggregates data from all zone members and
forwards to the CH. CH then collects sense data fro
rest of the nodes (nodes within the cluster butimot
Far-Zone) and ZH, aggregates it and transmits&o th
BS. For large real life deployments of WSNSs, it may
be the situation that there exist large size cigste
This improvement is well suited for such type of
scenarios. One point is also worth mentioning that
Far-Zone is formed only when nodes have MRP less
than AMRP. Rest of the paper is organized as
follows. Section Il describes the related work.
Assumptions and energy model are described in
Section 1ll. Proposed FZ-LEACH protocol is
described in Section IV. Section V presents the
simulation environment and analysis of the proposed
work.

Related Work

The main objective of cluster-based routing
protocol is to enhance the WSN life by efficiently
maintaining the energy consumption of sensor nodes.
These objectives may be achieved by multi-hop
communication within a cluster and by performing
data aggregation and fusion to decrease the number
of transmitted messages to sink and communication
distance of sensor nodes. Low-Energy Adaptive
Clustering Hierarchy (LEACH) [3] is the most
popular cluster-based routing protocols in wireless
sensor networks. In LEACH the cluster heads are
randomly selected and when the cluster head die the
another node will be selected as cluster head.
Therefore, the cluster head role keeps on rotdting
balance the energy dissipation of the sensor nimdes
the networks. The function of cluster head nodes ar
to fuse and collect data arriving from cluster
members and forward the aggregated data to the sink
in order to reduce the amount of data and
transmission of the duplicated data. The data
collection is performed periodically. In LEACH
protocol, initially the node becomes a cluster head
with a probabilityp and broadcasts its decision. The
nodes choose their cluster head based on the least
communication energy to reach the cluster head. The
role of the CH keeps on rotating among the nodes of
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the cluster to enhance the network life time. Aaod
becomes a cluster head for the current rotationdou
if the number is less than the following threshold:

i. £ ifne G

Tini=41- p*(rmed —
b= P

[0 otherwise

Wherep is desired percentage of cluster head nodes,
r is the current round number ai@l is the set of
nodes that have not been cluster head in the Ipst 1
rounds.

The decision to change the cluster head is
probabilistic; it is possible that the node withwlo
energy may be selected as cluster head. When this
low energy node dies the whole cluster becomes
dysfunctional. It is assumed that the cluster Hemsl
a long communication range so that the data can
reach the base station directly. But this assumgto
not always true because the network is deployed in
large region and therefore all the cluster headg ma
not communicate directly.

Fig.1.Cluster formation in LEACH.

Keeping in view the aforementioned
problem of LEACH, various modifications have been
made to the LEACH protocol. Some of these are E-
LEACH [7], TL-LEACH [8], M-LEACH [9],
LEACH-C [10] and V-LEACH [11].

In Energy LEACH (E-LEACH) protocol the
cluster head selection is based on the residuaggne
level of the nodes. The residual energy level decid
that whether the node will become a cluster head or
not after the first round [7]. In this protocol albdes
have equal probability to become the cluster head i
the first round. The residual energy level in the
second round is different for each node because of
the first round communication. In this protocol the
nodes that have a more energy level will become the
cluster head rather than the nodes with low energy
level. Therefore, this protocol improves the cluste
head selection procedure.
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The function of the cluster heads in LEACH
protocol is the collection and fusions of data reee
from member sensor nodes and forward the
information directly to the base station. But the
problem in LEACH protocol may occur if the cluster
head is far away from the base station. The cluster
head which is far away from base station require
more energy to transfer the information to the base
station and therefore it will die soon. Therefoce t
solve this problem Two-level LEACH (TLLEACH)
protocol [8] was designed. In this protocol, the
cluster head is responsible for collection anddusi
of data like LEACH protocol from respective cluster
members, but the cluster heads will not directly
forward the data to the base station. It uses éleeo
cluster head that lies between cluster head ané bas
station as a relay station.

In LEACH protocol all the cluster heads
transmit the data collected from the sensor nodes
directly to the base station. But if the clusteadhés
far away from base station then it require large
amount of energy to transmit the data to baseostati
Multihop-LEACH (M-LEACH) protocol [9] solves
this problem by changing the transmission mode
between cluster heads and base station from single
hop to multihop. This protocol chooses the best
possible path between the cluster head and base
station by using the other cluster heads as relay
stations to send data to base station. In LEACH
protocol the cluster heads are not uniformly
distributed. They may be located at any place @ th
cluster. LEACH-C [10] is an improvement over the
LEACH protocol. This protocol uses the centralized
clustering algorithm, and the steady-state phaat th
is used by LEACH. In LEACH-C each node sends
their current location information and residual rgye
level to the sink. The sink will calculate the savge
node energy and find out that which nodes energy
level is below the average.

In LEACH protocol the cluster head is
responsible for receiving data from cluster mempers
fusion of received data and then send it to thes bas
station. If base station may be far away from eust
head then cluster head will die soon as compare to
other nodes because the energy will dissipate in
receiving and forwarding of the data. If the cluste
head dies then the data collected by the clustad he
will never reach to the base station and theretioee
cluster will become useless. V-LEACH [11] protocol
solves this problem by introducing the vice-cluster
head. In V-LEACH protocol a cluster contains a
cluster head, vice-cluster head and cluster nddes.
this protocol if the cluster head dies then vicastér
head will start working as cluster head and thetelu
head data will reach to the base station. Ther®is
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need to elect the new cluster head, so it will shee
energy and enhance the network life time.

System Model
Assumptions
This paper considers a WSN deployed for
real life applications. The following assumptions a
made about the sensor nodes and the network model:
1. The base station (i.e. sink node) is locatedins
the sensing field.
2. Nodes are location-unaware, i.e. not equippe¢l wi
GPS capable antennae.
3. Communication within the square area is not
subjected to multipath fading.
4. The communication channel is symmetric.
5. Data gathered can be aggregated into singleepack
by cluster heads (CH).
6. Nodes are left unattended after deployment.
Therefore, battery re-charge is not possible.
Energy Model
The same energy dissipation model as in [3]
is used here. To achieve an acceptable signalis®no
ratio (SNR) in transmittingk bit message over a
distanced, the energy cost of transmissidg{) and
reception Egy are given by:
(ke E, +kxe_*d’
En(kd)= ’ ,
|F¥ B th* ey ¥ d

ifd <do
ifd = do

WhereE elect= 50 nJ, is the energy being
used to run transmitter and receiver circuit. 80=
d we can calculate the distance thresh&ddnp d=¢
e 0. To receive & bit message, the radio expends

Ep =K% E - E¢ is the energy of fusion per bit.

FZ-L each Protocol

In this section | present an improvement in
pre-existing, well known clustering protocol LEACH,
proposed by Heilzemeret al. [3]. One major
drawback of this protocol is that size of the atuss
not limited; clusters in LEACH may be very small or
very large in size. In large clusters sensor nodes
deplete energy faster because of the transmission
distance. Here the solution to this problem by
introducing the concept of Far-Zone. The working of
algorithm can be divided into two phases.
Cluster-head Selection and Cluster Formation
Algorithm

In the proposed algorithm, cluster head
selection and cluster formation is done in same
manner as LEACH. The operation of FZ-LEACH is
generally divided into two phases, the set-up phase
and the steady-state phase. In the set-up phase,
cluster heads are selected and clusters are oeghniz
In the steady-state phase, the actual data
transmissions to the sink take place.
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In the proposed FZ-LEACH algorithm, few
nodes are randomly selected as CHs. This role is
rotated to all nodes to balance the energy didsipat
of the sensor nodes in the networks. Cluster
formation for the algorithm is shown in the figite

During the set-up phase, when clusters are
being created, each node decides whether or not to
become a cluster head for the current round. This
decision is based on a predetermined fraction of
nodes and the threshold T(s) given by following
equation.

P ifne &
T(n)=|1-px(rmed —)
r

lo atherwise

WherePoptis the predetermined percentage
of cluster heads (e.gRopt = 0.05), r is the current
round, and G is the set of nodes that have not been
cluster heads in the lastRbptrounds.

Using this threshold, each node will be a
cluster head at some round within Répt rounds.
After 1/ Popt rounds, all nodes are once again
eligible to become cluster heads. In FZLEACH, the
optimal number of cluster heads is estimated to be
about 5% of the total number of nodes.

Each node that has elected itself cluster head
for the current round broadcasts an advertisement
message to the rest of the nodes in the netwotk. Al
the non-cluster head nodes, after receiving this
advertisement message, decide on the cluster to
which they will belong for this round.

This decision is based on the received signal
strength of the advertisement messages. In this way
after cluster head receives all the messages frem t
nodes that would like to be included in the cluster
and based on the number of nodes in the cluster, th
cluster head creates a TDMA schedule and assigns
each node a time slot when it can transmit.

Fig - 2. Flow chart of cluster head selection and cluster formation m FZ-
LEACH.

http: // www.ijesrt.com

ISSN: 2277-9655

Far-Zone For mation Algorithm

Most of the percentage of nodes energy is
consumed in long distance transmissions. One of the
solutions to efficiently utilize the energy in LEAC
protocol is formation of Far-Zone in large clusters
formed by LEACH protocol.

Fig 3 Cosmsanumication wathin and Sos Far-Zooe

Once the cluster head formation is complete,
proposed algorithm searches for eligible clusters t
form Far-Zone. For formation of Far-Zone each node
of the cluster sends its power level to CH. Thaidg
power levels is borrowed from HEED [12]. Based on
the power levels, CH selects the members for Far-
Zone as shown in Figure 3.

There are four clusters (A, B, C and D) as
shown. In cluster D, nodes residing at distant
locations form Far-Zone.

Here consider the case of intra-cluster
communication. LetMinPwri denote the minimum
power level required by a nodg,, 1 <i < N to
communicate with a cluster heag whereN is the
number of nodes within the cluster range.

All cluster members send thdilinPwri to
the CH. CH now computesaverage minimum
reachability powef AMRP) with MinPwri values of
all sensor nodes. AMRP can be defined as the mean
of the minimum power levels required by Blhodes
within the cluster range to reaahi.e.

Use the AMRP as estimate of the
communication cost. The AMRP of a node is a
measure of the expected intracluster communication
energy consumption for communication to the cluster
head. Using AMRP as communication cost, It can
find out Far-Zone members.
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Fip 4 Block Siagren of Fa-Cone Sematon m PL-LEALH

iR = e PN MinPu

The nodes power levels below the AMRP
are considered in Far- Zone. When Far-Zone is
formed, any member of the zone is selected as ZH in
pure random basis only for that round may be one
with the highest energy.

The ZH create TDMA schedule as LEACH
and assign time slots to zone members to tranmnit t
sense data to the ZH. ZH then transmit data to the
BS. In this way one round is completed.
Energy Analysis

Far-Zone within a cluster can be considered
as level-2 cluster. In this sub-section analyzeel th
energy consumption for the proposed model. The
energy analysis presented in this section is based
upon analysis presented by F. Comeaal.[13]. To
compute the energy consumption in two-level
hierarchical sensor network with sensor nodes, here
the following top-down approachkl is the number of
the CHs andk2 is the number of ZHs. Sensor nodes
send sense data tk2 ZHs. They collect data,
aggregate it and transmit to thel CHs. Energy
consumption at each level can be calculated as
follows. Expected energy expended to prodesits
of data atzone leveincludes the energy of sensing
data by nodes and receiving datakByCHSs.

. e MUN )
 =1#[2#(N —k;)#+E,, +=& k—-1|+n-s£,.]
r k)

25 ]
b

Selection of ZHs is done randomly depends
upon the energies transmitted to thé CHs. To
compute the energy consumption, onk2 (- k1)
nodes will participate. Expected energy expended by
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CHs, includes the energy of receiving data frkPn
ZHs, energy expended in aggregation and
transmission t&1 CHSs.

E:=1$[]$Ek:—k1]$ﬁ' +

et

| =2—1|+k, *E,]
| I, | -

Finally CHs transmits to the BS. The energy
consumed is

£4M7]
= |

E,=1#k = E,_ +

st

The total energy expended in each round to transmit
[-bits for such system is sum B2, ElandEQ.

Ew=E,+E+E;
e MY N &k
=I+[(2N —k)# B+ | gtk -2
wwal 1 1 i i
n | s s )

+E, # (N +ky)]

Lifetime of the network in terms of number
of rounds can be calculated from the above
discussion. Number of rounds can be calculated by
dividing total network energy by energy expended in
one round.

Simulation and Analysis

This section compares the performance of
proposed algorithm with LEACH protocol. The
performance evaluation includes two parts: network
lifetime and energy consumption. The sensors are
simulated to deploy over a square sized area @nl00
x 100m with variable communication range.

Simulation is performed using ns-2 [14], a
discrete event network simulator. | have compared
the performance of FZLEACH with LEACH. The
basic parameters used are listed in Table-I.

TABLE I SIMULATION PARAMETERS

Parameter Value
Thumber of nodas 100
Metwork zind 100 100 m
Basa station position 1T m

E 4 10 plibit'm®
e, 0.0013 plibat/m®
- 0 ok

E,.. 30 nlibat
Size of data packet SO0 bats
Titial enerpy of nommal nodes |17

Figure 5 illustrates the performance comparison of
FZLEACH and LEACH in terms of energy
dissipation. As shown in Figure 5, energy
consumption of FZ-LEACH is less than LEACH
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protocol in all cases thus it is energy-efficientddas
optimum performance with comparing to LEACH.

Pumbser Of &live Sensor Nodest:

NetworkLifetimeAnalysis
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Above Figure illustrates the performance of
our algorithm comparing to LEACH algorithm in
terms of network lifetime.

As it is clear from Figure that sensor
network performs longer with FZ-LEACH in
comparison to LEACH. This is due to energy saving
in transmission by the sensor nodes in Far- Zone.

ENERGY CONSUMPUTIONC:
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Energy consumption analysis

Conclusion

In this paper the proposed concept, an
improvement in LEACH protocol to overcome the
shortcoming in this well known and widely used
protocol for clustering in wireless sensor networks
The proposed FZ-LEACH algorithm, which is based

on the original protocol and considers a Far-Zone

inside a large cluster. Simulation results prove th
improvement in the performance in the original
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LEACH protocol in terms of energy dissipation rate
and network lifetime. It is found that FZ-LEACH
protocol saves around 30% energy of sensor network
in comparison to LEACH.
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