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ABSTRACT

Wireless sensor network is constructed of small low power sensor devices. These sensor
devices contain small battecgpacity and placed in hostile condition. When these sensor
nodes arepositionedin an area, it is almost impossible to make an alteratiothe
battery of these devices if they run out of power. If a sensor device dies due to low
power, it becomes quitdlusive to monitor the condition of that area. Therefore,
controlling the energy depletion of the network is a vital task. LEACH proiecsiich

kind of energycompeteniprotocol which reduces energy dissipation of the network and
enhances its lifespafBut it has a few constraints too. The cluster head (CH) election
procedure of LEACH is not quite competent. It selects cluster heads randomly without
judging the energy odistance of the nodes from the base station. So, to resolve these
issues we come umith new CH election algorithm. We named RECHACH
(Residual Energypased Cluster Head selection). RECHACH works almost same as
LEACH except the selection procedure@f after the first roundin RECHLEACH,

CHs are chosen on the basis of remainingrgy of the sensor deviceEhe nodes with

the highest energy after each round will become CH based on the probability of being
CH. The aim of the RECHEACH algorithm isto shrink the energy dissipation of
sensor nodes andlongatethe lifespan of the reork. We run the simulation in
MATLAB and after the simulation the result shows that REKERACH surpasses

LEACH protocol with a huge margin and attains its goal.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Wireless Sensor Network is recently one of the mostrgmg potential filed of modern

time. It is a branch of the Internet of things (IoOWSN is a set of a colossal number of
autonomous sensor devices. These sensor devices are capable of sensingtandgmon
many conditions of nature like temperatureursth pressure etc. These sensor nodes
activities are distinct. Sensor nodes can be placed in a small area or distributed in a

massive area for sensing or computing the condition of the environment.

WSN has a myriad of sensor nodes, base stdB&) and dta center. The sensor nodes
transfer data to th&S. Then theBS sends the collected data to the data center. This
whole data transmission process is done wirelessly. All these components are connected

with each other through a medium. Bluetooth is thetmadely used medium for WSN.

Sensor nodes are madelinfited sensors which sense a specific condition. A mote also
forms a sensor node aggregating with the sensor. A mote contains processor, memory and
an analogue to digital (A/D) converter. The purposé¢he A/D converter is to connect

the mote with the sensor. mote also has a transceiver of radio for connecting to a

network.

Base station (BS¥ also acknowledged amk node fetches data from the sensor nodes
of a network. After successful dajaheringand data processir8S sends the data to the
control cater. The primary purpose of BS is to obtain data from sensor nodes and
processhose datand thertransmitthose datdo the data center. A base station is built

with a processor, antennadra board and USB board.

Sensor nodes are oftgrositionedhaplazardly in aregion and are hoped to do their
specific task proficiently. The data collection and monitoring of an area are completely

dependent on these sensor nodes. So, if a sensor nodeafacalefect or issues, it

becomes challenging to get flawledsat a fr om t hat sensor nodeds

©Daffodil International University 1



powered and run on battery energy. These miniature sensor nodes have a limitation of
storage and battery power because they cannot hold mpawlr and bigger power

capacity battery since they are todditin size.

Nowadays, the use of WSN is augmenting at a promising rate. Therefore, it is very
important to ameliorate the lifetime of WSN. Few incentives affect the operation of
wireless sensonetwork, which are power consumption, expense, defect endurance,
communicéion and managing connection. Among these factors, energy limitation is one
of the major obstacles of WSN. These nodes are placed in hostile environments, so it is
not feasible to lsange or remove the batteries time and time. Instead, an exf@ojgnt
network where battery depletion will be less can resolve these problems.

Wirelez » Senzor Network

L 9 O 6

S Sy
SYRLSY
=

Figure 1.11: Wireless Sensor Network

Figure 1.11 is an illustrdion of wireless sensor network. This figure depicts the
workflow of WSN.

For reducing energy dissipation, various clustering algorithms are implemented in
wireless sensor network. Clustering means dividing sensor nddediffierent groups. In
every cluger, a particular node is chosen as cluster l{€at). The other nodesansfer
data to theCH, which performs data unification function to expunge data redundancy and

get pertinent information. By following this proce$sss data is sent to th&S, which

©Daffodil International University 2



consumes less energyow Energy Adaptive Clustering HierarciiiyEACH) protocol is
one of the most energgompetenhierarchical clustering algorithms.

LEACH protocol is one of the most ameliorated routing protocols BNWLEACH
routing algorithm is mainly based ddH selection among the sensor nodes. After the
selection of cluster head, the network is separated into several clusters
andthenetwork'sruntimeis splitinto many rounds[1]. In LEACH protocol, all the
sengng element nodes have a similar chance to 6&lahat makes the nodes within the
network consume energy in a very comparatively balanced approach [1].

Our work will be on LEACH protocol where wamelioratethe functioning of LEACH
protocol by a few chargs in the conventional LEACH. LEACH protocol selects cluster
heads randomly without considering the residual energy in the sensor node. In our new
propogd methodCH will be electedbased on the energy left on the node. Applying this
algorithm,powerdisspationwill be lessened and thgespanof the network will increase
drastically. Therefore, getting flawless data from a network will be much easier.

1.2 Motivation

Wireless sensor network implementation is mounting at a promising rate. As it works with
numerous sensor nodes which are diminutive in size, so it requires an energy competent
routing protocol to augment the performance of WSN. LEACH protacohplemented

to lessenthe energy attenuation of sensor nodes. The main motto of implementing
LEACH protocol was to enhance the networkedipanof WSN, and it successfully
fulfilled its motto. It is one of the most efficacious routing protocols for reducing energy
dissipation in WSN. But it has a few issues which must be solved to decrease energy
consumpbn completely. In every round, some extra enaesgyasted because of new CH

and cluster formationCHs chosen arbitrarily without considering their distance from the

BS and their residual energy. So, there ehancethat a low power node may get sedstt

asCH in any round. If a low power node becaméH, it may die at any time. Because
CHs requires more energy than normal nodes as they fetch data from all sensor nodes of a

cluster and transmits all of the data to the sink node. Therefore, it is obfigatselect a
©Daffodil International University 3



high-power node as &€H. So, an mendment is indispensable in the existing LEACH
protocol. Many researchers had worked and still working on the improvement of LEACH
protocol. They have made a few changes in the working algorithm of LEAGidcpi

and proposed new LEACH better performedAH. Still, there are opportunities of
betterment in the LEACH protocol and newly developed LEACH protocols which are
proposed by many researchers. That is the motivation of our thesis to resolve thg existin
problems in the LEACH protocol and make it thest energy competent routing protocol

of wireless sensor network.

1.3 Objectives

To develop our improved LEACH named as RECHACH (Residual Energy base CH
selection) oukey objectives of this thesis are alged as follows:
A To construct an environment for WSN &m approachhat thelifespan of the
network increases drastically.
A To make sure that data transmission between the sensor nodes &®&laha
network is running flawlessly.
A To study the precedingrotocols ofWSN and their structures.
A Detect the most common existing issues of the wireless sensor network.
A To construct a better performed LEACH clustering algorithm which puiillong
thelifecycle of the network.
A Simulate the new improved LEACH usilWATLAB.
A Make a comparison of performance, lifetime and energy dissipation between the
newly developed LEACH and the existing LEACH.

1.4 The Rationale of the Research

After the invention of LEACH protocol, it has been implemented in a wide range in
WSN. It ha made a mas& impact in expanding the lifespan of WSN. LEACH protocol

is known for its low energy dissipation of sensor nodes. But still, there is a scope of

betterment in the LEACH protocol. It has a few issues which encumber the performance

©Daffodil International University 4



of the praocol. The pimary issue is th€H election proedure The cluster head picking
process occurs randomly considering the arbitrarily selected number by the sensor node
and the calculated threshold value. But following this process, cluster heads getlselecte
without corsidering a sensor nodes energy and robustness, which may lead the sensor
node to die. If a cluster head dies the communication and data transmission with the base
station wil/ be stopped. Data aggsbiegati on
Therebre, the monitoring system of that area will be thwarted. So, there comes the need
for a new improved LEACH protocol which will solve these problems. Therefore, we
come up with our new idea of an improveé#i selection proceduren thebass of the

sensor ndes remaining energy. In our proposed method, CHs will be elederthdeng

the energy remained in a sensor node. The top nodes with the highest residual energy will
be nominatedasCHsin each round. So, textendthe networkiifespan,improvement in

the LEACH was obligatory.

1.5 Research Questions
A What is the purpose of reducing power consumption in wireless sensor network?
A Why cluster head selectiasf LEACH protocolis importantfor wireless sensor
network?
A What isthe constraints of LEACHrotocol in cluster head selection procedure?
A Why a modified cluster head selection algorithm is required for LEACH

protocol?

1.6 Expected Output

We propose new LEACH to enhance the functioning of the existing LEACH. When this
algorithm will be applied in aetwork, the energy consumption of #mirenetwork will
reduce. As the sensor nodes are costly and it is difficult to justify the new LEA@H i
real wireless sensor network. So, we do the whole simulation in MATLAB and then
compare it with the existpLEACH. The simulation is done among 100 nodes network.

The expected outcomes after the simulation are:

©Daffodil International University 5
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A Simulate the existing LEACH protocol antewly developed residual energy
based cluster head election algorithm based REERACH.

A The simulation proas to run until all sensor nodes are dead.

A Simulate the new REGHEACH in MATLAB and after the simulation gets the
energy dissipation graph antetime graph of the WSN.

A Get better result than the existing LEACH.

A After implementing RECH.EACH acquire lowenergy dissipation and higher
lifetime than the existing LEACH.

1.7 Report Layout

Our work comprises three portions. In the first part, a liteeaturvey is done. In the
literature review, we try to review the papers based on the LEACH protocol. Many
authas proposed a variety of LEACH protocol for its performance improvement. A brief
overview of LEACH protocol ancamendedLEACH protocols are destred in this
portion. In this portion, we also try to find the challenges faced by other researchers.

In the seond portion, we describe the methodology of the new REERNCH protocol

which is proposed by us. We try to describe the whole algorithm anaoitsing
procedure.

The final part is the implementation, result and outcome part. In this part, we simulate the
RECHLEACH in MATLAB and get the result of the simulation.

Chapter Igives a summary of the thesis and the gBahpter Zjives anoutline of WSN,

a literature survey on the basis of LEACH protocol and challenges of the research.
Chapter3 describes thenethodology of the newly proposed RECCHACH. Chapter4

portraits the result of the simulatioBhapters is the conclusion.

©Daffodil International University 6



CHAPTER 2
BACKGROUND

2.1 Wireless Sensor Network

Wireless Sensor Network (WSN) aspopular research topic in the field of tM@rking.

WSN is a networkhat comprisesof sensor nodeandthe base statior{BS) to observe
environmental and physicatircumstancessuch as temperature, humidity, sound,
pressure, vibration, and motion. It is a smifjanizedwireless network WSN hastwo

main parts such as sensor nodes, sink nodes and base sta/¢88l #as ahugenumber

of sensor nodes that are autonomous and small. Nodes communicate with each other and
with sink node via radio frequency wave. Sensor nodes collect information frem t
environment. Sensor nodes pass their information through the network to the main
location @lled sink node where information or data can be observed and analyzed. WSN
also has a sink node or base station whathersdata from the sensor nodes gdpels

data to the endser via the internet.

The main constraints of a sensor node in W8N are battery power, computation

capacity Jow memorystorage and communication range.

Intemet
. Wireless Sensor Network

@ . .o,;rq

': Sink Node q =4
S < P~ -~

Sensor Node Target
User &

Figure 2.11: Wireless Sensor Network

©Daffodil International University 7



The sensor node supplied with tre@sers to accrue data from its around environment
andtransmitdata to theBS, where the meased factors can be kept data and obtainable
for the endusers. The sensor node senses the physical state of an environment and if
there is any variation in thent produces electrical signals. Then signals go to the
microprocessor for calculating the s&n A chief computer sends commands to the
transceivers and then the sensor nodés data to the computer.

There are two main components of Wireless Sensor diktw

A Sensor Node and
A Base StatiorfBS)

2.1.1 Sensors Node

A sensor node is a basic andtablepart of aWSN that is able toperform some
processing, fetching information acdnnectingwith other linked nodes in a network. It

is a device, also known agvate. We use it to make a wireless sensor network. A senso
node senses information from its environment and sends it to the sink node to process this
information. Sensors are naturally used to compute the changes in the physical
environmental factors shcas humidity, temperature, pressure, vibration, and sdund.

also senses the changes in the health of a person like a heartbeat and blood pressure.
There are many parts of a sensor node such as battery, processor, memory, A/D
converter. A/D converter igsed to connect a sensor and a radio transceiver useunto fo

an ad hoc network. A sensor node and all its components makehaa adreless sensor
network. Each sensor node follows the mhtip routing algorithm and it also follows

the routing protocdlor sendingdata packets to tHgS.

©Daffodil International University 8
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Figure 21.1.1 Block Diagram of Sensor Nod&6]

2.1.2Base Station

Base station is one kind of node which is used to collect data from the clustéChbad

It is known as the sink node also. T@Gel is a node wtlth is toassembledata from the
sensor node and transferetdata to thé8S. A BS or sink node helps to connect one
sensor network to other netwarkt containsaradio board, processor, antenna and USB
interface board. WS is programmed which is usedwopower mesh network software.
This programming is used to build communication with wireless sensor nodes. The
deployment of a sink node 8S is verysignificantin WSN as sensor nodes pass data to

the BS for processinganddecision making.

©Daffodil International University 9



Figure2.1.2.1: A Base Station Nodg 6]

2.1.3Radio Model

A radio model is used to transfer data node to node and node to base station. We have

described the radio model which is used in previous research or project works.
radio model, the energy of thetrsmitter is used to run the transmitter radiotedeics

and the power amplifier. The energy of the receiver is used to run receive

In the

radio

electronics as shown in figure 1.4. The radio model describes both the free space and the

multipath fading channel adel. Based on the distance between the transraitigrthe

receiver, the radio model is used. The distance is compared to the threshold to take the

right decision. If the distance is less thae threshold the free space model istilized,

otherwise, te multipath model is used. The sensor nt@asfer data used the radio

frequency wave with other sensor nodes and also transfer data B& th@perly and

accurately.

Er(k d)

Transnut

| Electronics |

Tx Amplifier

E. 'k

e ¥l ¥ dn
e k¥d

d
+—>

A

E®

Receive
Electronics

E,.'k

Figure2.1.3.1 Radio Model16]
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2.2 Literature Survey

This chapter describes theeed for a comprehensive literature review abtain
preliminary information and search investment scope, to incorpdfafeCH. This
document discusses research studies in different energy and routing algorithms and their

generalim.
2.2.1 LEACH Protocol

LEACH protocol Low Energy Adaptive Clustery Hierarchy was suggested bw.
Heinzelman,Chandrakasan and Balakrishrian WSN [3]. A LEACH is an algorithm

that organizes the network nodes into small clusterschadses CH from each cluster

At first, the node senses its destination and theemsmitsthe pertinent information to the

CH. Then the CHransmitsthe gatherednformation to theBS. LEACH protocol's main
objective is to enhancenergyefficiency by using a random number to impkarh a
rotation-based CH selection technique. LEACH protocols work in many rounds. Each
round comprises two phases. The operation of the LEACH protocol is described in

section 2.2

[ Basze Station ]

3 (il/uster
;/O -
C‘Ci» g@ O H
Member Node

Figure 22.1.1 Clustering in LEACH Protocol
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2.2.2 Operationof LEACH Protocol

LEACH operation can be isolated into two stages:

A Setupstage
A Steady stage

The clusters arecreatedand aCH is chosenfor each clustein setupstage. And in

steadystage data iperceivedoy the nodes and datatiansmitedto theBS.

Setup-stage: During this stageeverynode determines whether or not to ®d for the
current roundThis assessment is based ondheice of aandom numbebetween 0 and
1, if randomnumber< the threshold T(s), the node will become @id for the currat
round [3].

"Y‘s z _) ifnv G

T otherwise

Here, P is meant to be the percentag€ld$ in the current network, r is defined as the
immediate round number, ntise numbemf nodes exist in the network, G tise set of

nodes which have not been picked in the lag rounds as cluster head. The nodes,
which do notCH in the present round, receives a broadcasted advertisement message by
the cluster heads. Then then-CH nodes ascertain which cluster it will associate fat th
round. The nodes make this decision considering the strength of the advertisement
message signal. After th&@H makes a TDMA schedule for each node and set a time for

transmitting data. Nodecan transmit data during its assigned time.

©Daffodil International University 12
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Figure 22.2.1 Flowchart of the setuptage of LEACH [4]

Steady stageDuring the steady stage, each cluster head (CH) waits to accept data from
the sensor nodes am@nsmitsthe data tahe BS. After awhile, the networkreturnsto

the setup stage and n&@#s are elected.
2.2.3 Drawbacks of LEACH protocol

Though LEACH prodcol is very popular to all, it has someaknessedescribed below

A The CHs are chosenrandomly The cluster heads are randonalyosenwith the
stochastic method withogbnsideringheresidualenergy of the nodes [5].
A Irregular andunpredictable cluster formatiolfCHs are not equally distributed

which leads to nomniform cluster creation [5].
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A Singlehop communication from CHs to B&very cluster head attaches directly
to the BS and d&s not cover a gap between it and the BS. i distant, then,
power is consumed [5].

A CH is always onThe cluster head is always on and continuotrslgsmitsdata to

the BS. If the CH is damaged, then the whole cluster will be damaged.

2.2.4 Variations

Different successors in the LEACH protocolttleaists in literature can be categorized on
various parameters such as mobility, reliability, centralization, homogeneity, safety,
stability, etc. But the most fitting grouping would be based on three pbBEEACH to

be the specific determination of GHthe formation of clusters, data transmission and

miscellaneous [3].

ffaxunomy of LEACH Variants

l l + l

Cluster head Cluster Fomlation Data Transmission Miscellansous
Selection ‘
' :
|. LEACH-C, LEACH- E-LEACH, FZ- Multi-hop LEACH, SECURE-LEACH,
F, LEACH-ET, LEACH, CELL- TL-LEACH, MAT- LEACH-TM,
LEACH-DCHS, LEACH, K-LEACH, LEACH, MS-LEACH, LEACH-FL, A-s
LEACH-B, LEACH- Q-LEACH, MR- ME-LEACH-L, LEACH, BN-
H, A-LEACH, V- LEACH, LEACH- LEACH-TLCH. LEACH, LEACH-
LEACH, LEACH- ACHTH, P-LEACH, GA
TLCH, LEACH- DCDA-LEACH.
MAC.

Figure 22.4.1 Classification of LEACH [5]

2.2.4.1 Cluster Head selecticfased protocols

LEACH -B: It uses a decentralized algthm in which the nodes know their location and
the address of the recipient. This means that the data will not be aggregated at CH [4].

LEACH-B environs the following techniques, CH election algorithm, cluster creation,
©Daffodil International University 14



and data transmission with divegsaccess. Every member node of the cluster selects its
CH by measuring the energyastagein the route between its final receiver and itself.
The performance of LEACHB is better than the existing LEACH.

LEACH -C (Centralized LERH): LEACH-C utilizes a cemalized way for higher
distributing theCHswithin the network. The information about thesitionof the nodes

and their energy level is transmitted to 8® at the beginning oéveryround. Then the

BS chooseghe nodes witlremainingenergy more thanvarage are considered as the
applicantand then the BS will choose a group of cluster heads from the candidate [6].
LEACH -F: It is a centralized and locatidrased protocol that usesnulated annealing

for making stationary clusters. The BS chooses thesters and cluster heads and
broadcasts clusters identity of each node. The first node in the node ID list is chosen as
first CH, the secondade as the next CH and so on [5]. This approach does not allow the
mohility and the progressive nature of the s@nnetworks [5].

V-LEACH: This protocol incorporates a seconda@t (Vice cluster head) that acts as a
CH when theCH dies. In this way, thenembemodes will able to transmit the data to the

base stationThis gproach increases the lifetime\&SN [9].

Figure 22.4.1.1 V-leach protocol

LEACH -TLCH: This protocol makes a secondd®H based orthe remainingenergy

and distance between tB& andCH. This secondary cluster takes up the duty of CH to
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gather and fuse data, sends the fused data ©GHrend finally, it delivers to thdS [5].
Thus, the TLCH enhances the lifetime of WSN by avoiding the early death GHke

A-LEACH (Advanced LEACH This protocol seeks to balance the distribution of energy
wastageamong the nodes by modifying the thrdshtunction. The threshold function
comprises two componert® and0 “Ywhere™O refers to General probability ard™Y
refers to the state probability of current [10]. The threshold function equation [10]

T=0 6°Y

Where k= Expected number of cluster heads round

N = Total number of nodes in the networks

2.2.4.2 Cluster formationbased protocols

LEACH -E (Energy LEACH) In this protocol|f the remainingenergy of a node is more
than the listed energy, the node becom&3Ha otherwise the node becomes a general

node. The rest of the stages are the same as existing LEACH [11][5].

Cell-LEACH: In this protocol, the sensor network once didideto cells withdifferent
sensorsA sensolinsidethecell is chosen athehead of thesell [12]. A cluster is formed
with seven neighboring cells with a cluster hdadhe following phasesveryold head
chooses a new cell head dynamically usirggrgmaining eneggof nodes and replaces it
[12][5]. The cell headgathersdata from the cell members and directly communicates
with CH. Fnally, CH sendsdata toBS [5].
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Figure 22.4.2.1 Packets sent from cefleads to clusteneads and then to BSZJL

Q-LEACH [18]: This protocol divides the cluster into four sectors which are called
guadrants. At first, the position of the nodes is provided to the BS which arranges the
nodes into four gadrants. In each section, some nodes are electddstsr heds based

on the threshold valu&he nodeshoosetheir cluster headased on the contiguity. The

rest of the steps are the same as the actual LEACH. The lifetime of WSN is prolonged by

this protocol.

2.2.4.3 Data Transmission Based Protocol

Multi -hop LEACH [17]: The distance between CHs and BS is not considered in the
LEACH algorithm. So,the multthop LEACH allows contact between CH and BS
through multthops by finding the best path between CHs and BS in ordessen
energy dissipation. The procedwfeMulti-hop LEACH shown in fig2.2.4.3.1

Figure 22.4.3.1 Multi-hop LEACH [13]
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