OPEN 8ACCESS

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
| SSN: 2278-3075 (Online), Volume-9 Issue-11, September 2020

Minimizing Transmission Energy of Wireless

Sensor Network

Chack for
updatas

Birtukan Adamu Birawo

Abstract: Recent advances in e€lectronics and wireless
telecommunications provide the opportunity to design and
manufacture wireless sensorswith low power consumption, small
size, appropriate price and various applications. These small
sensors which are capable of sensing environmental data,
processing and transmitting information have led to a novel idea
for developing networks called wireless sensor networks (WSNs).
WSNs are contains a various number of tiny small-cost, resource
limited and limited energy devices that can sense, compute, store,
and transmit data of surrounding environment with limited
capabilities across the network to the base station. But these
resource and battery limitations have direct effect on thelife span
of wireless sensor networks. So, authors aim to minimize the
transmission energy of the network through minimizing the
communication distance between each sensor nodes of the
network. They proposed to improve Multi-Hop LEACH routing
protocol. The network in the proposed work incorporates
homogeneous types of sensors nodes randomly deployed in
different portion of an environment to gather data about the
environment that they are deployed. The sensors are organized in
cluster-based structure to sense the different physical parameters
of the environment and route the readings to a BS for
visualization and data management purpose. The proposed work
improved the existing routing protocol which is Multi-Hop
LEACH cluster-based routing protocol by integrating the
communication way of existing appropriate routing protocols.
Such as: Minimum Transmission Energy and Multi-Hop LEACH
cluster-based routing protocol for WSN. Authors have
implemented the proposed routing protocol for WSN and the
performance is evaluated using MATLAB simulation tool.
Finally, Researchers present numerical results that validate the
feasibility of the proposed technique. The proposed protocol
achievessignificant improvement in terms of network lifetimeand
provides improved performance energy efficiency for WSN.
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. INTRODUCTION

N ow days Wireless sensor networks have been avery
important tool in many fields, including industrial control,
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environmental monitoring, agriculture, disaster prevention,
military defense, meteorology, etc. Wireless sensor networks
(WSN) are contain of a several number of small-cost sensor
nodes through wireless communication. Sensor nodes collect
the information sensed from the environment and it forwards
to Base Station (BS). The nodes are usually; resource and
battery limited. Therefore, Energy conservation of nodes are
the important issues considered in designing of WSN. The
most important resource in the WSN that directly effects the
wireless sensor network lifespan is the energy of sensor node
that the battery provides. This battery is un rechargeable once
deployed especially in the remote or hostile environment. As
the nodes are usually; resource and battery limited, energy
conservation of the nodes are the important issues needed to
be considered in the design of WSNs. Therefore, nodes have
required to operate in low power modes to improve the
lifetime of their network [1]. In order to operatein low power,
they have to forward their data through the shortest path.
Because transmission energy consumption is the most critical
issue in WSN. Various researchers have conducted several
routing and communication protocols related to energy
consumption and the life time of the WSNs. But these are not
sustainable solution to improve the network lifetime.
Cluster-Based routing approaches are the most widely used
technique due to its less energy consumption. This approach
divides the whole network into clusters, each cluster has one
representative node called CH. The CH collectsall the sensed
information form the cluster members then forwards it the to
the BS[2]. Cluster-Based WSN uses either single-hop routing
technique or Multi-Hop routing techniques between source
nodes destination nodes.

In single hop routing communi cation, nodes send their sensed
information directly to CH. But this approach is not efficient
for large networks. In large network BS is fixed and it is
placed far away from sensor nodes. in resultsthelong distance
between sensor nodes and CHs and also the distance between
each cluster. So as the distance between nodes increase
single-hop routing approach consumes high transmission
energy.

This will reduce the energy efficiency of the entire network.
For large network, inter-node as well as inter-cluster
communication is big issue to be considered. Multi-Hop
routing approach is the energy efficient approach in
cluster-based network. In this approach sensor node forwards
sensed data to CH through intermediate nodes by selecting
shortest path. This communication way minimizes
transmission energy [3].
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[I. RELATED WORKS

Literature shows that there have been a number of works
that have been done on routing protocol of wireless sensor
networks to improve the network life time and have drawn
some conclusions. Here authors have summarized those that
arerelevant and related to our study.

Low Energy Adaptive Cluster Head (LEACH) routing
technique is the first cluster-based routing protocol in WSNs
[4]. Itisself-organizing and also adaptive clustering protocol.
It randomly distributes the load of energy evenly between all
sensor nodes of the network. This routing protocol assumes
that, all sensor nodes and the BS are placed at fixed position
and they are energy constrained and also homogeneous
network type. In this cluster-based protocol, each node
organize itself into local clusters, where one representative
node in the cluster acts as a cluster head (CH) and then
randomly rotates the position of the CH in order not to drain
the battery of each sensor nodein the network. In this protocol
the communication is based one-hop communication way,
that means the communication between the sensor nodes and
selected CH node and &l so the communication between CHs
and the BS is based on single-hop. Finally, it creates cluster
topology where nodes can send their data directly to the CH
nodes and thereafter CH nodes to the BS. Because of this
single-hop communication nature, this kind of cluster
formation is not appropriate for large size networks, where
dueto it too long distance, CH may not reach the BS.

Authors in [5] describes minimum transmission energy
(MTE) routing algorithm for WSNs. In this routing algorithm
every sensor selects a path based on minimum transmission
energy consumption. After selection of path with minimum
transmission energy, source nodes transmit their packet data
to the Base station via net-hop neighbor sensor nodes in the
direction to the base station. This routing algorithm improves
energy efficiency of wireless sensor network by minimizing
transmission energy of sensor nodes by transmitting their data
to BS through minimum distance. But as sensor nodes
forwards their da to BS through multi-hop directly to BS,
thereisno central control or header node that controls sensor
nodesin MTE routing algorithm, it is difficult to set up fixed
regular communication in the network. so, before transmitting
itsdata, each node hasto listen to the channel. If the channel is
busy, the nodes back off; but if the channel is not busy, then
nodes transmit their data to the next node. The drawback of
his routing algorithm is that, when nodes run out of energy,
the entire routes are recomputed to make sure connectivity of
a node with the BS. So, this continuous routing computation
in results early drainage of the energy of the network.
Multi-Hop LEACH (Multi-Hop Low Energy Adaptive
Clustering Hierarchy) routing protocol is cluster based
multi-hop routing protocol for WSNs [6]. This routing
protocol isbased on Multi-Hop communication approach that
helps source nodes to forward their data to destination CH
node through multiple intermediate nodes. Thisisin order to
minimize transmission energy by minimizing communication
distance between source sensor nodes and CH nodes. In
Multi-Hop LEACH cluster-based routing protocol inter node
communication in a cluster is based on Multi-hop.
communication approach in which sensor nodes sends their
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data to their attached CH through intermediate nodes. This
routing protocol increases energy efficiency the network by
minimizing communication energy. Though Multi-Hop
LEACH protocol conserves energy of sensor nodes in the
network, and improves energy efficiency of the network. But
it requires each CH node to forward its data directly to the
associated BSs. This direct communication between CH
nodes and BS drain CH energy due to the long-distance
transmission energy consumption. And aso, in addition to
this constraint, CH nodes consume more energy than ordinary
member nodes. Therefore, CH that are far away from the
cluster head waste high amount of their energy than other CH
nodes.

I11. THE PROPOSED SYSTEM ARCHITECTURE

The proposed architecture is based on cluster based multi
hop network strategy. Ordinary sensor nodes transmit their
data to CH through intermediate nodes. And aso, CHs
forward their data to the BS through intermediate or another
CHs. It contains of transmitting data through intermediate
nodes that act as routers. The intermediate nodes in the
clusters forward other sensor node's data that are destined for
CHs. And also, CHsforward their datato BS through another
CHs. Ordinary Sensor nodes and CHs calculate the distance
to CHs and to BS respectively by applying MTE.

The figure above Fig 1. shows the proposed technique
architecture and the effect of distance between source nodes
and destination nodes on energy consumption of the entire
network. Which means, if the distance from ordinary sensor
nodesto the attached CH and from CHsto BSisthe minimum
distance, the sensor nodes forward its data directly via
one-hop to their attached CH nodesand all CHsinthe clusters
forward their collected data directly to the BS by single hop.
On the other hand, if the distance between ordinary sensor
nodes and their CHs and aso from CHs to BS is not the
minimum distance, the ordinary sensor nodes forward their
packet data through intermediate nodes in the clusters within
the minimum distance to CH and CHs transmit their data to
BSviaintermediate CH nodes within minimum distance. The
source nodes and CHs node transmit their data through
multiple minimum hops to the CH and BS respectively.

% %:*
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Figure 1 the proposed system ar chitecture
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IV. RADIO ENERGY M ODEL

In order to estimate the energy consumption of the network,
it is required to know energy consumption for each sensor.
The author in [7] discussed the energy consumption model
which is called the first order radio energy model.

Two models have been used for the examination of energy
consumption of the network The transmission energy of nodes
for free space propagation model is directly proportional to
the distance d” and the transmission energy of nodes for multi
path propagation model is directly proportional to the
distance d* because of different pathsthat take the sent datato
reach the destination. The radio energy model presents the
energy consumption to send and to receive L-bit packet over a
distance d. Both free space and multi-path models are
depending on the distance between the receiver and
transmitter. Free space and multi path propagation modelsare
radio wave propagation model that the radio hardware energy
dissipation [8]. This model assumes that the transmitter
consumes energy to run the power of amplification and radio
electronics. And the receiver consumes energy to run the
radio electronics as shown in the figure Fig 2. below.

d
+“—
*'L ) Ear
Lhit —— |Lht
pecket, | Transmit Tx Amplifier Receive peckt
¥ Electroncs [ Flectonies [T
LE?E?( Emp - L LEM

Figure2. TheFirst Order Radio Energy M odel

Hence, the consumed energy to send data of L bit packet
over a distance d from a transmitter to a receiver node is
calculated based on the following equation.

Erx(L,d) = Erg_gec (L) + Erx_amp(Ld) e oL (1)
The energy expended for free space propagation Ery_g, is
described by:
ETX—fS(LJd) =
Ery_gs(Ld) =

Eglec- L + €4 Ld?
Egloc- L+ g5 L.d?

. (2)
- (3)

The energy expended for multi-path propagation Ey_,;,,,
isgiven by:

Eptoe- L+ €y Lod® oo

Where:

E, ... 1Sthe dissipated energy by electronic circuit to send
and receive L bits.

Ery: the energy consumption for packet transmission.

E gy required energy utilization for packet receiving.

The energy expended to receive L-bit message is defined
as:

ERJ&'(L) Eefes L. (5)

Equating the above equatlons e (3) and (4) gives the
threshold distance dy, (Equation 6) that defines the
propagation transition from direct path to multipath model:

[Eg,
do= X0 e e e (6)

E

mp

(4)
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If the distance from the source sensor node and the
destination node is greater than the threshold distance dO, the
multi-path model is applied. Otherwise, the free space model
is employed.

V. ANALYSISOF THE PROPOSED TECHNIQUES

In this research work the proposed method aimsto increase
the energy efficiency of wireless sensor network by
minimizing communication energy consumption as much as
possible by minimizing individual node transmission energy
consumption. Thisimplies that if the communication energy
of individual sensor node is minimized, the overall energy
consumption of the network also minimized. In this work two
optimal existing routing protocols which are Multi-Hop
LEACH and Minimum Transmission Energy (MTE) routing
protocol. integrated in order to improve the energy efficiency
of the network. It uses LEACH as clustering algorithm which
isacommonly used clustering protocol. The energy expended
in communication in each cluster using MTE mode is
expressed as:

(7)

EMTE = ERX—MTE ‘I’ ETX—MTE =1 ETX + (nl — 1)(ERX) e

Where:
Ente: Energy consumption in minimum transmission
energy agorithm.
m: Number of transmissions in each cluster.

Epx_mtE - RECeiVing energy consumption of a node based
on minimum transmission energy algorithm.

Ery_mre: Transmission energy consumption of anode
based on Minimum transmission energy.

In the proposed protocol, transmission from member
sensor nodes to the CH nodes, and from selected CH nodes
the BSisoccurred based on MTE algorithm. Thetotal energy
consumption in the proposed protocol at round r is expressed
asfollows.

Eu LEACH-MTE =
i=0Epre + Eca-ps-

--(8)

Energy consumption for inter-node communication in a
cluster for frees pace propagation and multi path propagation
based on MTE is calculated as follows.

Evode—cu = Emre - SRR -(9)

I n this approach, sensor nodes transmlt the|r data to CH
nodes through intermediate nodes by applying minimum
transmission energy algorithm.

For free space propagation:
Enade—CH =m. (L'Eelec+ E.fs‘["dz)
+m—1)E, . ..L=L2m—1)E,,,
+epemd? ... ... . (10)

For multi-path propagation:
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Enade—CH = m. [:L'Eelec + Emp"{" d4)
+(m—1)E .= L(2m — 1)E,,.
+emp-mdt ... ... (11)

But as communication between cluster heads and BSisin
multi-hop routing protocol it is based MTE approach to
calculate energy expended in cluster head to base station
communication. And also, amplification energy of free space
and multi-path propagation.

Inter CH and BS communication through shortest path is:

Ecy_gs=Epa+ Epre e eer eos eve wve wvevee v (12)
For free space propagation:
Ecy ss = Epa+m.(L.Egppe + &f.L.d?)

+(m_ 1)Eglgc:'£‘ = EDA

+L{(2m = DEppoe + Epm. @%) . (13

Ecy_gs IS the energy consumption for transmission
between CH and BS. It includes data aggregation energy Epa
which is the energy that CH nodes required to collect data
from member nodes and to transmit the collected datato BS
through intermediate CH nodes based on minimum
transmission energy algorithm.

For multi-path propagation:

Ecy-ps = Epa + M. (L.Egloc + Epyp.L.d*)

+(m — 1)Eefes =Epy+ L(2Zm— l)Eeles
FEppmdt ... (14)

VI. SIMULATION AND RESULT DISCUSION

This section describes the simulation and result discussion
of the proposed technique using MATLAB simulation tool.
Authors a'so discuss the evaluation metrics based on energy
efficiency of wireless sensor network. Authors validated the
proposed technique for different scenarios and calculated
specific performance metrics. Our focus was the energy
consumption of wireless sensor networks, and comparison
between the proposed technique and existing technique which
is M-LEACH routing protocol is made.

A. Simulation Parameters

Researchers created the cluster-based network topology
with 1000 nodes. In this case, authors used two different
network sizes. Because, the size of the network has a great
impact on the energy consumption of the network. So, in
order to analyze the lifetime of the network for the existing
routing protocol and the proposed one authors in this work
tries one network size which is (500mXx1000m. In this
network topology, 1000 nodes are randomly deployed on
500mX1000m area and the BS is located at the center which
means at 2500mX1000m. And finally, the performance of the
proposed and the existing protocols are evaluated based on
performance measurement metrics, such as: Alive node,
packets transmitted to BS and dead nodes. Each cluster with
one leader node or cluster head node. As al nodes are
homogeneous, initial energy of all nodes is 0.5 J. A packet
size of L = 4000 bits is used and 0.1 is the probability of a
node to be a CH. Erx and Erx are 50nj/bit is the energy of
electronics to receive or to transmit data, initial energy of all
node before starting computation is 0.5J. Amplification
energy for free space (&¢;) and multi-path (&,,,,) propagation
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are 10pj/bit/m? and 0.0013pJbit/m* respectively. Epa is
5nJ/bit/message which is data aggregation energy that CH
nodes consume to collect data from sensor nodes and another
CH node. P=0.1J is the initial probability that a node to be
CH. The simulation parameters used in this network shown
below in table 1.

Table 1. Simulation parameters

Parameters Values

No. of nodes 1000

Size of network 500mX21000m
BS position 250mX500m
Size of packet 4000bits

No. of rounds 2500

initial energy of 0.5

nodes 50nj/bit

ETX and ERX 10p] /bi t/m2

E; 0.0013pj/bit/m?
Emp 0.1J

P 5J/bit/message
Epa

B. Performance Evaluation and Comparison

This section discusses the simulation results and the
performance evaluation of the energy efficiency of the
network based on performance evauation metrics. And
finally, performance comparison is made. The comparison is
performed between the measured results of the proposed
approach with Multi-Hop Cluster based routing protocol
based on performance metrics. Such as alive nodes, data
transmitted and died nodes of the network in each round.

The Fig 3. describesthat how the size of the network affects
the number of alive nodes per round in the network. Because
as the size of the network increases, the distance between
nodes also increase. So, the energy consumption of the entire
network also increases. The network size for the following
simulation result is that 500mx1000m and 1000 nodes are
randomly dispersed on this network area. So, as the result
shows that, at round 20 number of alive nodes in the existing
and the proposed protocolsis 190, at round 30, alive nodesin
both the existing and proposed protocolsis 110. At round 50,
number of alive nodesin Multi-Hop LEACH and | Multi-Hop
LEACH are 70. But, only 2 nodes are alive at 180 rounds for
the existing protocol and at 250 for the proposed protocol.
These results imply that, in terms alive nodes during round,
from round 1 to 50 the performance of both Multi-Hop
LEACH and | Multi-Hop LEACH protocolsisthe same. But,
after round 50, | Multi-Hop LEACH performs better than
Multi-Hop LEACH routing protocol.

Nodes alive during rounds
1000

Multihop LEAGH
| Multihop LEAGH

ylalive nodes)

o 500 1000 1500 2000 2500
x(no. of rounds)

Fig 3. Alive Nodesin the network during round

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication




OPEN aACCESS

Fig 4. explain the comparison of the two routing protocols
based on the size of packets to be transmitted to Base station
for the network size 250mx1000m. as shown in the figure the
increasing in network size greatly affects the packets
transmitted to BS due to the increase in energy consumption.
The maximum packets sent to BS for the existing protocol
which is Multi-hop LEACH and the proposed protocol which
is| Multi-hop LEACH protocolsare 1.635x103 and 1.01x104
out of 1.2x104 sent paces. therefore, the proposed work
performs better than the existing protocol with respect to
packets transmitted to BS.

Packets sent to base station
12000

Multihop LEACH
| Multihop LEACH

10000

8000

6000

y(data transmitted)

4000

2000

0 500 1000 1500 2000 2500
x(no. of rounds)

Fig 4. packets sent to base station

Figure 5. Shows that the number of nodes died in wireless
sensor network of the for all routing protocols in each round
for the network size 500mx1000m. As the figure describes
that, in the existing protocol all nodes are died at the round
151. But, inthe proposed protocol, all nodes are died at round
737. Therefore, the proposed routing protocol is more energy
efficient than the existing one with respect to dead nodes.

dead nodes in the network

1000

Multihop LEACH

800 | Multihop LEACH

800

700

600

500

y(dead nodes )

400

300

200

100

o
o 500 1000 1500 2000 2500

x(no. of rounds)

Figure 5. All Dead nodesin network during round

VII. CONCLUSION AND FUTURE WORK

As it has been discussed throughout the document, WSN
have been attracting the attention of the research community
due to its wide range of application areas. However, there are
till several openissuesrelated to the use of WSN technology.
The energy constraint is one of the key concernsin the design
of WSNs. To overcome these issues several approaches have
been proposed. Minimizing transmission energy is one of
them. The research undertaken in this research is aimed to
improve the lifetime of wireless sensor network through
minimizing transmission energy of each sensor node. Authors
inthis paper proposed to improve Multi-Hop LEACH routing
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protocol by modifying the transmission way of the network.
Finally, performance of the proposed technique is compared
with Multi-Hop LEACH routing protocol. Then, authors have
evaluated, analyzed and proved that the proposed Routing
Protocol for wireless sensor network, to have better
performance based on performance metrics. Performance of
the protocols is evaluated using MATLAB simulation tool.
As an output from this research Improved the proposed
protocol satisfies most of the requirements for increasing the
energy efficiency of wireless sensor network.

Though authors tried our best in order to redize the
proposed routing protocol for wireless sensor network to
improvethe energy efficiency of wireless sensor network with
the objective of addressing the shortcomings of existing
works, authors do not believe that the proposed work is
generic enough to incorporate potential issue in routing
protocols in wireless sensor networks. The line of
enhancement is based on testing the proposed work on the
physical wireless sensor nodes to evauate its practica
significance. Hence by taking this simulation as a platform, a
more realistic implementation of the proposed protocol is
another way enhancement so as to maximize its usability in
real wireless sensor network in the future.
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