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ABSTRACT

Wireless sensor networks have strict constrains in size, weight
and energy. The conflict of long lifetime and strict energy con-
strain brings a natural integration of energy harvesting into wire-
less sensor networks. A modified low energy adaptive clustering
hierarchy (LEACH) protocol has been proposed to increase the
network life time. Modified LEACH is divided into two main
phases at the first setup phase and at the second steady state
phase. Setup phase has been modified such that cluster head
(CH) selection will be selected only from advanced nodes. Re-
sults showed significant improvement in WSN overall lifetime.
Simulations show number of dead nodes vs rounds. Compar-
ison between pure LEACH and modified one showed signifi-
cant improvement in lifetime, also comparison between mod-
ifitd LEACH and multi-path multi-hop energy efficient rout-
ing protocol shows significant improvement in performance.

General Terms

Wireless Sensor Network, Energy Efficiency

Keywords

Wireless Sensor Network, Energy Efficiency, LEACH, Multi-path,
Multi-hop.

1. INTRODUCTION

A wireless sensor network (WSN) contain thousands of assembled
sensors configured into a cooperative network [1}[2]. Sensors nodes
together monitor physical phenomena, such as temperature, hu-
midity, sound, motion, heat, vibrations, or pressure. Nodes usually
sense, process information and communicate with their neighbors
wirelessly. WSN has become an indispensable part of IoT, which is
composed of several sensors to sense physical data from the envi-
ronment. The sensed data are processed, stored, and transmitted by
the sensor and communicate with a user or observer via Internet as
presented in Wireless sensor networks are information-
retrieval networks [3} 14]. Basically,, nodes cooperate to aggregate
the information of data and deliver it to monitoring terminal(s),
called sink(s). Wireless sensor networks are used in various indus-
trial and civilian applications, such as agriculture application, envi-
ronmental monitoring, security and surveillance and smart building

(5.

Sharad Gangele, PhD
Professor
Department of Computer Science & Application
RKDF University, Bhopal, India

Internet

User
Interface

Database

Fig. 1. Basic WSN Model

All over the world, WSNs have received tremendous attention in
the past years, from both academia and industry. A huge amount
of research activities have been done to explore and solve vari-
ous design and application issues, and significant advances have
been made in the development and deployment of WSNs [6l [7, 18].
Despite the countless applications of WSNs, these networks have
some severe restrictions, such as limited battery power, limited
transmission range, and limited storage. These constraints have
raised some interesting challenges that must be addressed and
solved while designing a routing algorithm. The algorithm must
be energy efficient and scalable. Moreover, the energy resources
for each sensor node must be managed effectively. Naturally, gath-
ering sensor nodes into clusters has been extremely adopted by re-
searchers to achieve the required scalability and attain high energy
efficiency and prolong network lifetime in large-scale WSN envi-
ronments [9]. The main process in any cluster-based algorithm is to
choose a set of cluster heads and partition the remainder of nodes
into clusters. Under common clustering architecture, nodes within
a cluster transmit data to their cluster head which in turn conveys
the aggregated data to the base station or relays it to other heads
adjacent to the base station. Normally, cluster heads expend more
energy compared to non-cluster head nodes. Cluster heads closer
to the base station consume their energy faster than other nodes
due to the aggregated relay traffic sent from far away heads. To ad-
dress this, a novel network model is developed that aims to shorten



the long-distance communications for the sake of maximizing the
network lifetime in this research. Precisely, there are more clusters
at the location closer to the base station. Thus, they will dissipate
less energy during the intra-cluster communication and can main-
tain more energy to handle the high traffic received from far away
clusters [10].

The WSN nodes operate on battery power. However, onboard en-
ergy storage has very limited capacity to sustain WSN nodes for
long time period due to their strict size and weight constrains.
Therefore the energy consumption of WSN nodes and balance of
the network energy is an important factor. WSN lifetime is one of
the most major issues that should be taken into consideration while
designing or adopting network protocols. Network lifetime in ho-
mogeneous networks less than heterogeneous networks. In standard
low energy adaptive clustering hierarchy protocol (LEACH) clus-
ter heads (CH) randomly and independently are selected. Mainly
cluster heads consume more power than other normal nodes be-
cause most CH power goes in data aggregation from other nodes
in cluster and resend to sink node or base station. Here introduced
modification to Setup phase in standard LEACH which will lead
to significant improvement. As a result network lifetime has been
increased when proposed modified LEACH had been used. It will
be more efficient if cluster heads chosen from advanced nodes only
that will increase CH lifetime and the whole network as well. Thats
why the idea of modified LEACH raised up.

2. RELATED WORK

Heinzelman et al. [11] proposed LEACH and centralized LEACH
(LEACH-C) [12] to solve the problem of energy load balancing
by rotating the role of CHs in round-robin fashion. Each round in
LEACH divides clustering process into two phases: set-up phase
and steady phase. During the set-up phase, each node generates
a random number between 0 and 1. Thus it becomes a CH if the
random number is less than a threshold 7'(n), given by:

r ifneG
1—P(r mod 4) (1

0 otherwise

T(n) =

where P is the percentage of CHs being elected across all clusters,
r is the current round, GG is the set of nodes that have not been
elected as CHs for the past 1/ P rounds and n is the nodes.

Taj et al. [13] proposed ICH-LEACH protocol, after conducting
a research on LEACH protocol, they came up with an improved
protocol. In fact, this protocol is characterized by the adjustment
of the power of transmission, and the distance between the base
station and cluster heads. This protocol surpassed the original one
in term of energy consumption, network lifetime and the number of
sand data by avoiding a direct send of data if the distance from the
sink is too far. The simulation made with initial energy for every
node shows that proposed algorithm is efficient compared to the
original one.

ICH-LEACH protocol aims to reduce the energy consumption in
order to extend the network lifetime and send more data to the sink.
Also, its proposition uses the exact phases of LEACH, and use the
same number of cluster head as LEACH. Actually, the main prob-
lem of LEACH is to send Data from the cluster-Head to the sink
directly. Thus, the necessary energy for transmitting Data is high.
Even more, if the sink is too far the transmission is impossible and
the data is lost. So, by using an intermediate cluster-head if the dis-
tance is far, then it make sure that the amount of consumed energy
is less during each round and the amount of transmitted.
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Alharthi et al. [14] proposed LEACH (HT2HL), the hybrid thresh-
old sensitive and two-level heterogeneous protocol in their re-
search. The performance of the proposed protocol outperforms
DEEC and SEP as presented in the simulation result. The draw-
backs in LEACH are dealt with in their work. For instance, SNs
can communicate directly with the BS if all CHs are far from them
and they adjust their transmission power based on the distance from
CHs and the BS. Thresholds are incorporated to reduce the number
of transmission which conserve energy. The work is still in progress
to improve the performance by balancing the cluster size and con-
sidering multihop communication for farthest CHs.

Arumugam et al. [15] presented EE-LEACH, development of
energy-efficient LEACH Protocol for data gathering in WSN, to
improve the lifetime of the sensor network. The coverage probabil-
ity is derived with respect to the Gaussian distribution. A sorting
algorithm based on the residual energy of the neighbor nodes is
executed to obtain the list of neighbor nodes. Data ensemble also
takes place while aggregating the nodes. Data ensemble can save
considerable energy while the source nodes forming one cluster are
deployed in a relatively small area when the sink node is far away
from the source nodes. An election weight is determined by taking
account of the concentration degree of SNs and their residual en-
ergy for optimal CH election. The EE-LEACH Protocol results in
a better packet delivery ratio, lesser energy consumption and lesser
E2E delay than the EBRP and LEACH Protocols. The experimental
results shows that the proposed EE-LEACH yields better outcomes
than the existing EBRP and LEACH Protocols.

An efficient-energy-aware routing protocol is mandatory for data
gathering. All the sensor nodes have similar significance and equal
capabilities. This motivates the need for improving the lifetime of
the sensor nodes and sensor network. The objective of the proposed
EE-LEACH Protocol is to reduce the energy consumption and in-
crease the network longevity. Here, Gaussian distribution model is
used for effective coverage of the sensing network area.

Al-Sodairi et al. [16] proposed a new extended LEACH-based clus-
tering algorithm to enhance WSN performance in terms of relia-
bility, energy efficiency, and lifetime. First, their algorithm, EM—
LEACH, supports new rules for cluster-head selection and round
time computing based on the remaining energy. Second, EM-
LEACH improves the communication model from single-hop to
multi-hop between CHs and sink node using two operating pro-
cesses: leveling and generic multi-hop routing. The Castalia simu-
lator was used to evaluate the performance of the proposed algo-
rithm, EM-LEACH, compared to LEACH and MR-LEACH. The
performance evaluation included different aspects related to net-
work reliability, energy efficiency, and lifetime. The simulation re-
sults proved that the performance improvement of EM—LEACH al-
gorithm, in terms of packet delivery, is extremely good compared
to LEACH and MR-LEACH. Additionally, EM-LEACH provided
around 16% to 25% extra network lifetime compared to LEACH
and presented results similar to MR-LEACH.

Kumbhalkar ez al. [17] proposed, “TBEEDRA (Threshold-Based
Energy-Estimated Distributed Routing Algorithm)” in wireless
sensor network as a reactive network routing protocol with con-
sidering three different levels of sensor node heterogeneity. TBEE-
DRA combines the best features of EDDEEC protocol and energy
level evaluation method. Due to the concept of energy level based
cluster head selection, hard and soft threshold value, three levels
of node heterogeneity and being reactive routing network proto-
col TBEEDRA produces increase in energy efficiency, enhanced
lifetime of network and also maximum throughput as shown in the
simulation result. In comparison with DEEC, DDEEC, EDEEC and
EDDEEC with the proposed strategy of TBEEDRA, it can be con-



cluded that the protocol TBEEDRA will perform well in small as
well as large geographical networks and best suited for time critical
applications. Finally, in future, the concept and implementation of
the mobile base station can be introduced in TBEEDRA to perform
the next level of advanced technology of wireless sensor network
due to three levels of heterogeneity and being reactive routing net-
work protocol, so it produces increased level in energy efficiency
and enhanced network lifetime.

Sarkar et al. [18]] proposed a novel approach for increasing lifetime
of the network. The proposed protocol for wireless sensor network
is a modification of LEACH protocol. The lifetime of the network
has improved by more than 40%. Lifetime of the network is di-
rectly proportional to energy available in the nodes. In this work,
selection of cluster head is depending on maximum residual energy
so cluster head can able to serve for more number of rounds. Pre-
serving energy of nodes is achieved by avoiding cluster formation
in each and every round. Formation of cluster is dependent on the
threshold value. It saves energy required for creating a new cluster
and also increases the lifetime of the network.

Most of the existing works concentrate on best cluster head selec-
tion in each round, which leads to some amount of energy con-
sumption. In this work, they have tried to avoid cluster forma-
tion in each round so that they saved energy required for making
cluster or setup phase. Heterogeneous energy level is assigned to
some of the sensor nodes, and it helps in preserving energy. This
can be achieved by avoiding cluster formation as much as possible
throughout the network lifetime. There are two phases of LEACH
protocolsetup phase and steady-state phase. In this proposed solu-
tion, changes are made in setup phase only.

3. ENERGY MODEL

For the energy calculation, a simple model shown in is
used.

Eqps(d)
k- bit Packets
|y Transmit TRS
Electronics Amplifier

E,. xk exkxd’

elec

ERCV

k- bit Packets
- TRS
Amplifier

E,, . xk
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Fig. 2. Energy Model of Wireless Sensor Network

The packet length assumed to be k—bits where the radio dissipates
Eeec = 50 nJ/bit to run the transmitter or receiver circuitry and
Eamp = 100 pJ/bit/m? for the transmit amplifier to achieve an
acceptable Ey,/N,. It is also assume a loss factor r2 due to chan-
nel transmission [19] 20]]. Thus, using the radio model the energy
spends by any transmitter to send a k—bit message over a distance
dis Er(k,d):

ETx (ka d) :ETx—elec(k) + ET:t—amp(k'a d) (2)
ETz (k7 d) =k x Eelec + k x Eamp X d2 (3)
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The first term of (1) represents the energy consumption of radio
dissipation, while the second represents the energy consumption for
amplifying radio. The electronics energy E.;.. depends on factors
such as the digital coding, modulation, filtering, and spreading of
the signal. And to receive this message, the radio expends E g, (k):

ERx(k) = ERw—elec(k) =kX Eelec (4)

After sensor nodes deployment, nodes decide independently
whether to be a cluster head or not by generating a random number
between O and 1 and then compares the threshold value. Here in
modified LEACH threshold value calculated by:

Pxa .
[“axP[r mod (Za)] ""°Y s

0 otherwise

T(n)=

By this way CH will be chosen from advanced nodes mostly.

4. PROPOSED MODEL

In earlier works, one of the main assumptions is that energy is only
consumed for the packet transmission, not packet sensing and pro-
cessing operations in the node.

Cluster Head
(CH) Selection

Advanced
Node?

Select Cluster
Head (CH)

Fig. 3. Workflow of Proposed Model

Algorithm of Proposed Model:

Deploy the sensor nodes randomly across the network area.

Jor all sensor nodesdo i = 1 ton, S(i) = (X;,Y;)
Randomly establish the sensor nodes.

end for

if
Node==Advanced Node
Select CH

end if

for every cluster

Transmit the sensed data to the CH.

CH forwards it to the sink node.
end for
In this work, the main contribution is considered as energy con-
sumption not only for data transmission but also for node electron-
ics, i.e., data sensing-processing-storing in an energy harvesting
wireless sensor.
The proposed model is divided into two main phases at the first
setup phase and at the second steady state phase. In the first phase



nodes are spread randomly allover network area and cluster heads
should be elected randomly [21} [22]. The selection of cluster head
in the setup phase of the proposed model is presented in
This algorithm presents the function of the proposed model. Clus-
ter head (CH) is selected if it is advanced node for higher energy
efficiency and longer network lifetime.

4.1 Simulation and Result

In this paper the term of dead nodes is introduced. Dead node can be
defined as the node which empty battery that cannot send or receive
any data. A simulation for dead nodes against round number also
showed significant improvement in network lifetime as shown in
as most power consumption is going in cluster heads as
previously declared.
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Fig. 4. Number of Dead Nodes during Rounds in LEACH
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Fig. 5. Number of Dead Nodes during Rounds in Proposed Protocol

Simulations has been done with the above mentioned assump-
tions and here in [Figure 6| shown average energy per node which
shows significant improvement in energy consumption against
round numbers which leads to overall network lifetime improve-
ment as well.

Taking into consideration that all these simulations has been made
with assumption that heterogeneous nodes percentage is 10% of
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Fig. 7. Average Energy of Each Node in Proposed Protocol

total number of nodes. Here a major question can be raised, what
if number of heterogeneous nodes has been increased? And how it
will affect over all network lifetime, shown in figure improvement
in average energy and dead nodes vs round number.

As shown in improvement when number of advanced
nodes increase is not effective because the main number which af-
fects here is percentage of cluster head entire network not the per-
centage of advanced nodes only.

Also a comparison between Multi-path Multi-hop Energy Efficient
Routing protocol and modified LEACH has been done in
and as shown in figures a significant improvement
is achieved in average energy per node and total number of dead
nodes when cluster heads chosen from heterogeneous nodes only.
The proposed protocol is better than both standard LEACH.

5. CONCLUSION

Due to the limited amount of energy in the sensor nodes, the anal-
ysis of the energy consumption of the WSN is very important.
For this reason, a modified LEACH routing protocol has been de-
veloped for WSN. Modified LEACH is separated into two main
phases 1) Setup phase 2) Steady state phase. Setup phase has been
modified such that CH selection will be selected only from ad-
vanced nodes. From the investigative analysis and the comparative



results, the conclusion comes that modified LEACH of Heteroge-
neous WSN provides a significant improvement and good perfor-
mance in terms of energy consumption and increasing the level in
lifetime of the heterogeneous wireless sensor networks than in stan-
dard LEACH and proposed systems.

The energy consumption analysis of wireless sensor network shows
the significance of powering nodes from non-renewable energy
sources, such as batteries. However this method of powering cannot
satisfy all of the simultaneous demands for long life, low volume,
low weight and limited environmental impact. Wireless sensor net-
works can be powered by environmentally scavenged energy.
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