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Abstract

Wireless sensor network is made up of very tiny motesccalesensor nodes and a fixed
or mobile base station. For making the network reliable manynguatigorithms are
proposed. The important features for making the system reliebRgeaibility, ability of
self organizing and to be energy efficient. Due to the presainsensor nodes in harsh
environment it is not possible to provide unlimited power source so, eafiggncy is

a major issues in WSN. Multi-objective Approach for Energy difficy and Multi-
objective Cluster Based Approach protocols are proposed to incréaseydie of
network. In these protocols the cost of each link is calculatedsanghao each path and
Minimum spanning tree are formed by using greedy approach. Theseqtsorequire
multiple objectives such as residual energy, transmission eaedygelay for finding the
best and shortest routing path to base station. The proposed protocol sheimebeitis

as compared with LEACH protocol.
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Chapter 1

I ntroduction

1.1 Background Infor mation

Tremendous research in the area of MEMS and wireless commanibatie setup a
milestone in the development of low-power, low-cost sensor devices. The
development of the sensor devices have greatly contributed in tidiststeent of
wireless sensor network. These sensors nodes are small én wsid low
computational power and small memory size so, they are |pssagixe. These sensor
nodes act as a backbone of wireless sensor netWbese motes sense and collect
data from the environment and perform some computation on the data. Aft
performing computation transmit the sensed information to the emd-8easor
nodes or motes are deployed randomly or uniformly in the sensiagTdrese sensor
devices are made up to sense the different parameter suchpasateme, moisture,
vehicle movement, soil temperature, etc. Sensor technology Hassvapplications

in the field of military, health, home and healthcare etgb&e (IEEE 802.15.4) is

most popular protocol for creating a wireless sensor network.

Advancement in the processor-speed and memory size has led tonimézation of
these sensor devices. But the development in the energy technolstpwisSo,
power is most scarce resource in sensor. The motes commuiitaach other via
wireless channel. There is lot of research is going on itommze the amount of
wireless communication. Wireless communication is the most geerguming task.
The route of the data from the node to the sink node is very cinctekrms of
lifetime of a network. For example by using short routes to itilereode the nodes
batteries depleted quickly which decreases the lifetime ohéteork and secondly
by using a longest route consists of many motes causegtficantly increase in
the network delay. Always choosing the shortest path towardstheade make the
energy at the intermediate nodes to be consumes faster, tresskthe lifetime of
the network. But at the same time selecting the shortestrpdtites the power
consumption and network delay. The routing protocols are designed accaordimy t

need of application for e.g. real-time applications requiresnesgork delay and the



applications that performs the statistical calculations reqhiggs network lifetime.

Hence, different routing protocols are proposed according to diffapplications.

1.2 Wireless Sensor Networ k

Wireless sensor network comprises of large no. of tiny, autonorselfiyrganizing
motes or sensor nodes that are scattered randomly or uniformiysing@rea. These
nodes combine with router and gateway creates a wireless s@ataork. In WSNs
motes communicates in ad-hoc way in that routes between the motimamically
changing. These nodes communicate with each other via radio ricggubannel.
Each sensor node sense the network and waiting for the evengdereéd. When the
event is triggered first the information is processed from anddog to digital data
and sends to the BS either by direct transmission or by multi twmpnanication.
Mote communicates with neighbor nodes via radio frequency channelvildiess
communication consumes lot of energy and the sensor nodes have a stagll ba
backup. The sensors nodes are deployed in a harsh environment whemoft
possible to replace the battery, so once the energy is depletedsred. Energy
efficiency is a big concern in the wireless sensor networkrdyrefficiency in WSNs

has attracted many researchers over the years.

1.2.1 Evolution of Sensor Networ k

During the Cold War sensor network establishment was startdieldyrited States.
Large number of acoustic sensors was deployed at pre-planned patsttienbottom
of the sea to discover and track soviet submarines. The netwaidootic sensors
was known as Sound Surveillance System (SOSUS). In SOSUS the bperators
played a very important part. The SOSUS has the wired seaswork as it did not
have the energy bandwidth problem of wireless netwlork980, Defense Advanced
Research Projects Agency (DARPA) started the research rsorseetwork and
named the program as Distributed Sensor Networks (DSN).DSNdexlacoustic
sensors communication, processing techniques, self-location algofitbnnrsensors

and distributed software.

Recent development in the field of computing and communicationpsmstble for
the significant shift in the research of sensor network and Miactro-mechanical

system (MEMS) technology based small and cheaper sensonglessi



communication and cheaper low-power processors make way for the/meploof
wireless ad hoc networks for different applications. Thus, teeesydesigned with
new routing techniques is compatible with highly dynamic ad-hoc nk$woilhe
wireless networks that are based upon IEEE 802.11 standards providedbaratw
compared to those of wired networks. IEEE has also noticed thexioense and high

capabilities that sensor networks offer.

The IEEE has defined the standard for personal networks known a8(EEE. The
personal area network has a radius of 5 to 10 m. Short-rangesseeswork is the

well suited technology that can be employed in Personal Ae¢adyks. Furthermore
advancement in the chip capacity and processor capabilitiesgmafgcantly reduce

the energy per bit requirement for computing and communication.déy® a single

chip is enough for performing sensing, computation and communication. Thus
reduces the cost for deploying in large numbers.

1.2.2 Classification of WSNs

The WSNs can be classified on the basis on the environment in vit@cbensor

nodes are deployed. A sensor node can be placed on land, sea and underground.
Sensor node faces different challenges depending upon the environimena.afe

five types of WSNs: terrestrial WSN, underwater WSN, undemgd WSN and

mobile WSN.

* Terrestrial WSNs: Terrestrial WSNs comprises of thousands of sensor nodes
deployed in ad-hoc manner or in pre-planned way in a given area. The
Terrestrial WSNs sensor node has limited power supply but carhalsoa
secondary power supply using solar cells. However still themeésl for
energy conservatiormhe energy can be saved with multi-hop routing, short
range transmission, data aggregation, rectify data redundancyniaimlize

delays.

e Underground WSNs: In underground WSNs the sensor node are placed
inside a mine or cave to sense the underground conditions. The sink nodes are
placed above the ground to gather information from the sensor node and
transmit it to the base station. Underground sensor node have gpemat

supply once the power is depleted it is impossible to replacbhattery. So



energy efficient communication protocol must be implemented toaserthe

lifetime of the network.

Underwater WSNs. The sensor nodes are deployed underwater. Underwater
WSNs are costly so only few sensor nodes are deployed. Undemietless
communication is done through acoustic wave. There are severa isghe

the acoustic communication such as high propagation delay, fixed bandwidth
and signal fading issues. Underwater sensor nodes have the digjthaon
capabilities to adapt the underwater harsh conditions. Underwater sexie

have a small battery once the power is depleted it iscdiffio replace the
battery. There is need of developing efficient underwater comationc

techniques.

Multi-M edia WSNs: Multi-Media WSNs are developed to record the events
in multi-media form as images, audio and video. The multi-mediaosens
nodes are specially designed nodes that contain camera and microgih®ne. T
deployment of multi-media nodes is pre-planned. Multi-media W3Mdsfa
challenges such as high bandwidth required, high energy consumed,

information processing and compression

Mobile WSNs. Mobile WSNs is made up of sensor nodes that are mobile and
interact with the physical phenomenon. Mobile nodes have similatiesbif
sensing, computing, and communicating like static nodes. The major
difference is that mobile is able to change the position amdgaaiize the
network. A mobile WSN just need some initial start-off deploynasrt then
nodes move around the network to collect information. Mobile node can
communicate with other mobile node within range of each other. The key
challenges in mobile WSN are localization, navigation and cortoekrage

area, power, maintenance, and information processing

1.2.3 WSN Architecture
WSN typically consist of four components: Sensing Field, Sensor suae, task

manager. The simple wireless sensor network architectugigoisn below in figure
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Figure 1.1: WSN Architecture

* Sensing Area: The area in which the sensors are deployed teesie various

parameter of that area.

» Sensor Node: Sensor nodes act as a backbone for the wiredesosnetwork.
Sensor nodes are deployed randomly or uniformlihensensor area. Sensor
nodes sense the area and waits for the eventstrigbgered and transmit the

information to sink or base station.

» Sink: Sink gathers data from the others sensor nogarfdrm aggregation of
the data and sends this aggregated data to theskatsen. This way sink
reduces the energy consumption of the network. Aoge can act as a sink
according to the network requirement. They are e#led as data aggregation

points.

» Task Manager: Task Manager or Base station provides an acegssfpr the
user to process the information that is gatherutinothe sensor node. Base
station has a more complex processor and largagg®pace. The sink node

sends the data to the base station via internet|ags communication etc

1.2.4 Sensor Node Ar chitecture
Sensor node comprises of four basic parts: Sensing, Computing Unit,

Communication unit and power unit. According to themand of application node



can have some additional parts such as mobilizer, locator systenihe basic block

diagram is as shown below in figure 1.2.

Sensing
Umnit

A

h 4

| Memory |

-
Computing Unit - > . .

b 4 Communication
| Microcontroller | Unit

Figure 1.2: Sensor Node Architecture

e Sensing Unit: Sensing unit comprises of two subparts: sensor and ADC.

Sensors as its name suggest that it detect any change in yhieaph

phenomenon in the sensing area. The physical phenomenon is analog in

nature. ADC (analog to digital converter) converts this phygihahomenon

to digital and the result is then act as an input to the progessit. At present

there are different types of sensor that measures parametdr as

temperature, humidity, vehicular movement etc.

* Processing Unit: The processing unit acts as a brain of the mote. The

processing unit comprises of a microprocessor that control sensmyte

communication protocol and perform signal processing on the colledtad da

There are various operating systems for the motes. Tiny ©3$hei most

popular operating system for the mote

* Transceiver Unit: Transceiver unit is responsible for the communication

between the sensor node and the external network. It transmitecides

the information from the neighboring nodes.



* Power Supply: It provides power to run the sensor node. It decides the
lifetime of the sensor node. Sensor node has a small battekyfdue to its

small size.

1.2.5 Protocol Stack in Sensor Nodes

The protocol stack for the base station and motes is shown in figlo. It consists
of different layers providing functionality such as communicatiowéen the sensor
node and the base station, finds the best routing paths, integeats thet network
layer and energy efficiently communicating across the esseimedium. The protocol
stack comprises of application layer, transport layer, netveyesr| data link layer,
physical layer, power management plane, mobility managemera ahehtask
management plane. The protocol stack for wireless sensor nesvabrwn below in

figure 1.3

/

Application layer

Transport layer

aue|d uawabeuew yse|

Network layer

sue|d yuswsabeuew AIIgop

aue|d Juswabeuew Jomod

Data link layer

Physical layer

Figure 1.3: Protocol Stack



» Physical layer: It provides the functionality of carrier frequency generation
and selection, signal detection and modulation, encrypting the degasing

and transmitting functions.

« Data link layer: It provides the functionality of multiplexing data streams,
medium access, errors control and data frame detectionalfdsesponsible
for hop to hop and hop to multi-hop connection. The mac layer provides

collision detection and makes the network energy efficient.

* Network layer: It provides the functionality of finding the best efficient path

to route the data receive from the upper layer to the destination node

» Transport layer: It is required when the sensor network is accessed through
internet. It maintains the flow of control according to the requérgnof the

application.

« Application layer: It provides the way for the end-user to interact with sensor
networks. It presents all the information to the application andaimsvthe

requests from the application layer down to the lower layer

The power management plane is responsible for managing the enérgyiant by
the sensor nodes. Mobility management plane is useful when the senss are
mobile. It manages and keeps a check on the movement of the muibéle. The task
management plane is responsible for scheduling the sensing araddioigvdata of
the nodes to the base station. There are some limitations suebtrasted channel
bandwidth, restricted energy, mobilityglectromagnetic wave propagation, error
susceptible channel, time varying situations tlabuld be met to design a network

protocol for wireless devices.

There are some ideas that can be applied to excel thesatibmst Low-energy
protocols can be used to enhance the restricted node energy. Pmivel can be
helpful in combating the radio wave attenuation. A transmittebeansed to the set
the power of radio wave in such a way i.e. it will receivéhini an acceptable power
level. Data link layer protocols and MAC protocols can be usefubdhling the
errors in channels. Adaptive routing and link layer protocols camjbiéed to tackle

the time-varying situations of the wireless channel and mobile

8



1.2.6 Characteristics of Wireless Sensor Networks

Wireless sensor network possess some unique characteristicaatkatit different

from others wireless networks. Some of the unique charaasrete described as

follows:-

Sensor nodes are of small size and have small battery. Thuhakeya
limited supply of power. Once the power is depleted it is diffitmlteplace
the battery as the sensor nodes are deployed in the harsh envirdbonrere

is lifetime constraint in the sensor network.

In Wireless Sensor Network, nodes are error-prone due to depletimwef,
harsh environment conditions. The receiving and transmission linksrare er
prone due to sensor node error, unpredictable modulations, mobility ahd hars

environment conditions.

Mobility of nodes, node failures and environment interferences causes
dynamic nature of wireless sensor network. Dynamic natureesdusguent
changes in the network topology and partitions. But the mobile nodes ca

still transfer the data across the partition by physical ngoacross them

Wireless Sensor network may comprise of large number of nodes having
different sensors, power level, computation power and memory sizesan

issue of heterogeneity.

1.2.7 Wireless Sensor Network Applications

Wireless Sensor Network Applications are classified into twadbcategories as:

1.

Monitoring: It includes inventory location monitoring, power monitoring, health

monitoring, etc.

2. Tracking: It includes chasing the objects, humans, vehicles and animals and

categorizes the applications into health, military, home, etc.
These techniques can be further classified into more cagsgdike chemical

processing, space exploration and disaster relief.



Military applications: In this for successfully sensing the military, sensors
are applied over the network. Wireless sensor network is a kety §ensing
technique for military command, control, computing, communications,
intelligence, surveillance, nuclear, etc. These types nfarks are used to

detect and access maximum information about the enemy.

Environmental applications: Environmental Conditions: WSN can be used
for environmental monitoring such as the movement of animals and
monitoring the varying environmental conditions that affects crops and
livestock. Some other applications are forest fire detection, miclca

monitoring, biological, pollution study, etc.

Healthcare applications. Body sensor network is one of the most common
wireless sensor network technology which provides a lot of soluton
healthcare biggest challenges like an aging pollution, risinghoeaé cost,
interfaces for disabled, integrated patient monitoring etc. Takihg and
monitoring of doctors and patients inside the hospital can also enapled b
installing a small sensor. The nodes of light weight sensoattaehed to the

arm of patient which detects their heart rate and blood pressure.

Home application: Nowadays technology is very advanced. It is possible to
embed the tiny sensor nodes in the appliances by which thesapable to
communicate with each other as well as to the room servet tofgenation

about the services they have to perform.

Traffic control: WSN infrastructure facilitated the integration of monitoring
and management operation such as signpost control, etc. With th&f use
wireless sensor network it is possible to monitor the road waskwell as

accidents.

1.2.8 Wireless Sensor Networ ksvs. Wireless Ad-hoc Networks
There are various techniques from wireless Ad-hoc Networlatleatill applicable in

wireless sensor network. But still there are many protdbatsare used in wireless

ad-hoc network are suitable for wireless sensor network dueuigse features and

application requirements. There are some basic differenddaithaut the

10



foundation for new protocol for wireless sensor network. Some of thertemt

differences are described as follows:

* The nodes in wireless sensor network are in huge numbers as conagotre
nodes in wireless ad-hoc network. A typical sensor network noayait
thousand of sensor node and the number of nodes goes on increasing

according to the need of applications so there is an issue abtital

« It is impossible to assign addresses to the sensor nodes in semsoknAt
Sensor networks is data-centric instead of address centric keflitr main
focus of sensor network is to collect data not on a individual sensor $ode.

requires an collaborative efforts to collect data

* The nodes in the mobile ad-hoc network are much expensive than sensor
network. A sensor node has less computation power and memory size tha

node in mobile ad-hoc network.

e The nodes in an ad-hoc network communication with each other in point-to-
point way whereas as the nodes in sensor network communicdtiemdcast

paradigm.

* A sensor network measures the changes in environment so the evemnisoin s
network are environment-driven. Traditionally data in ad-hoc netwsrk i
generated by humans. The sensor network generates whenstrsrdden
change in the environment. Sensor networks are used to gather tidorma
whereas MANETs (Mobile Ad-hoc Networks) are developed for Histed

computing.

1.2 Routing in wireless sensor networ k

The nodes in the wireless sensor network are deployed at isidbedscation, so
different routing protocol have been proposed over a period of time faoutieg the
packets in wireless sensor network. The routing protocol for tleosaodes depends
upon the type of application. The routing protocol in wireless sensoronets
broadly classified as cluster based routing, single path roMiuniiipath routing. The

routing protocols in the wireless sensor network have to meeicamwer saving

11



constraint. The main goal for the routing protocol is to deliver tickgtdrom source
to destination based on the topology or position addressing. If thesauhdyés host
based then it is called as topological addressing and if a uniqo#fiadion is

chosen for the addressing of node then it is called as position Gésedensor node
is capable of delivering the requested user query back to thetasisae. The routing
protocol for wireless sensor network can further be classifiesihgle path algorithm
in which only one instance of packet are sent at any time. Tdrerenany other
protocols for wireless sensor network such as partial flooding andpatblrouting.

The single path routing protocol algorithm uses resources less thamgburces
used in multipath or partial flooding routing. The delivery of datidne main aim for
single path, multipath and partial flooding routing protocol. The chaaneéss
problem is the main problem that is faced by the routing protocol. réteng

protocol guarantees to access the channel efficiently by thetwusecrease the
throughput of network. The routing algorithm used the concept of memornizaiti

past traffic to increase the reliability of network.

* Energy Efficient Routing: As the energy consumption for performing
computation has been significantly increased in present days betybatt
lifetime has not improved considerably. The signal strength tnakund
consumes large amount of energy. The energy efficient routingcptois
necessary to reduce the energy consumption problem both in channel

activation and data transfer.

* Planner Graph Routing: If the neighbors are not closer to the target and the
packets are dropped by the used path. Data recovery schesagl it recover
the data. It resends the data and provides end to end deliveryketgpdikhe

use of planner graph routing increase the efficiency of network.

1.3.1 Routing Challenges and Design | ssues
Depending upon the application there are several challenges in #leswisensor
networks that affects the performance of the routing protocol. $btie challenges

and design issues are as follows

* Node Deployment: In WSN motes are deployed according to the demand of
the application. Thus affects the productivity of the routing protothé

12



nodes are deployed in uniform way or randomized way. In uniform thay,
nodes are placed manually at fixed spot and routing paths are pmadeter
In randomized way, the nodes are scattered randomly. This ceesesl

issues such as optimal clustering, coverage etc. The positibe sfrik node

or cluster head is an important factor in terms of energyiefty.

Energy Consumption: Sensor nodes are small in size so they have limited
power supply to perform sensing, processing and transmittingfibreniation

via a wireless communication. The lifetime of the sensor nod®taly
dependent on the battery. Once the battery is depleted the sensarilhbde

dead it causes change in topology rerouting of data. The multi-hop
communication consumes less energy than direct communication. But it
increases the overhead on the topology management and MAC. Direct

communication is better when nodes are close to the sink node.

Fault Tolerance: A fault can occur in a node due to depletion of power
supply, physical damage etc. If a sensor nodes stops workihgutdsnot
effects the overall working of the WSNs. Routing protocol mustapable of
handling the failure of sensor nodes by accommodating new link famati
routes to the base stations and by adjusting the transmit and reqeveg

on the link to reduce the energy consumption

Network Dynamics. For most of the application the sensor node are
stationary but according to the need of the application the basenstaiti
sensor node are mobile. Routing becomes a challenge due to the nudbility
nodes. According to the need of application the sensing phenomenon can be
static or dynamic. Dynamic sensing is done target detectiorcatmh while

forest alert application requires static sensing.

Data Delivery Models: The Data Delivery models depend upon the
application of the network. There are four types of data delineogels:
continuous, event driven, query driven and hybrid. In continuous the data is
send periodically to the sink. In event driven the data is tranghen the

event happens. In query driven the data is transmit when sink genarates

13



query to the node. Hybrid use combination of all three models depergbng u

the need of application.

e Scalability: A large number of sensor nodes in range of thousands are
deployed in sensing area. Scalability means that the routingthlgs should
work efficiently with large number of sensor nodes. Routing protocrst ine
efficient to react to the event occurring in the environment. Mbtte sensor

node remains in the sleep state until event does not occurs.

» Data Aggregation: Sensors nodes generates huge amount of similar packets,
data aggregation is used to reduce the transmission of similartgabDieta
aggregation is combination of information from different sensor nodes by
applying functions like suppression, average, maximum. The roptatgcol
incorporates this data aggregation technique to reduce data redunddncy a

achieve energy efficiency.

* Node capabilities: According to the demand of application different
functionalities can be given to the sensor nodes. Depending on the amplicat
a sensor node can be perform functions like sensing, relagggegation etc.
By performing the different functionalities by the node at ghme time the

energy can be depleted quickly.

1.4 Problem Statement

In wireless sensor network energy efficient is a big areaontern. Problem can be
stated as to design an energy efficient technique for wiretgamunication in sensor
nodes. In wireless sensor network the motes are scattered tgndoriormly across
the network. The base station is situated at the fixed positiomhasén unlimited
power backup. The nodes communicate with each other and send the thatdase
station. The nodes use the fusion technique to fuse the data into onegrackend
the packet to the base station. The communication is energy conspioggsgs. To
overwhelm the energy problem different methods are developed in tiactelay
node collect the data from the sensor nodes and transmit that dlaéaliase station,
which improves the number of rounds and life time of the network. Tét@mé of
network can be defined as the no. of rounds a particular node can swithivies

power backup. In first technique, a relay node is fixed at acpéatilocation and a

14



minimum spanning tree is created using multiple parameters tlienmodes to the
relay node are created after every round. If the threshold eoéripe node is less
than or equal to dead energy the mote is removed from the networkcdnds
technique the fixed numbers of relay nodes having energy greateththaensor
nodes are used and clusters are formed according to the distandadrogtay node

and the cluster are selected on the basis of multiple parameters

15



Chapter 2
Literature Survey

The most important issue that affects the working of wiredessor network is the
distribution of energy load between the sensor nodes. Therefasendicessary to
manage the balance of energy load between the nodes in the netirckease the
life time of the network. LEACH [1] is a hierarchical clesbased routing protocol in
which nodes are organized as clusters and cluster head is dedecterandomly
rotates in the clusters for better distribution of energy loa@d®n the nodes in the
sensing area. In this protocol instead of direct transmission thes rssdel the
information to the cluster head and cluster head aggregatesdheatibn and send it
to the base station. The sensors are low-energy device thus tref t@smsmission
between the sensor node and base station is high. Therefore LEA&CHitosnated
method of data fusion and data aggregation. LEACH is 8 times niarierdf than
direct transmission. In 2002 S. Lindsey et.al proposed a protocol knoRBGASIS
[2] that is an improvement of LEACH protocol. Instead of making mpleltclusters it
forms chain like structure of sensor nodes by following greedyadetEach node
sends and receives data from neighbors and there is one node thlgtcisdsto
transmit the base station. Data fusion is done at all the nodet éipdast node. Once
a node in a chain is dead the new chain is formed using greedgdnetbypass the

dead node.

TEEN [3] is a hierarchical clustering protocol. After thastér formation the cluster
heads set the two threshold values: hard threshold value and soft hneshel The
node continues sensing the attribute of the environment but does not tréresmi
value until the attribute value is beyond the hard threshold valuewBlyisumber of
transmission are reduced the node does not transmit until the valueaisge of
interest. The numbers of transmission are further reduced asntbe \&lue is greater
than the hard threshold value the node can transmit only when the valbhat of t

parameter changes by an amount at or greater than soft threaha.

Tan [4] proposed a protocol that performs a minimum spanning tree bagetyr

scheme The MST is made using prim’s algorithm. Ossama YonodiSania Fahmy
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presented HEED (Hybrid Energy Efficient Distributed clustégripgtocol [5]. In this
protocol there are two parameters for selecting the clustdshgamary parameter is
node residual energy and secondary parameter can be a node proximigeor
degree. Heed is terminated in O(1) iterations. Siva D. yamantharet.al proposed
a centralized routing algorithm known as BCDCP [6] that eventyiluige the energy
dissipation to sensor node to improve the network lifetime. In BCE@&Phigh
energy base station performs all the task such as formusgedd, routing paths,
randomly rotate the cluster heads and do all other energy-rédates The main goal
of the BCDCP to form balanced clusters, uniform deployment oferldstad and
perform multi-hop communication between the CHs and base statiod0TriVZen-ya
Zhanget.al adopted a K-means clustering algorithm to determine the dustea
WSNs in their routing protocol [7]. The cluster head is selectedhenbasis of
location and energy information. The nodes are deployed randomly remaes are
closer to each other so this protocol keeps one node in awake stdBRst the
environment and this node send data to the cluster head while otherraodens in

the sleep state. This way energy consumed in communication isizedi

Fan Xiangning et.al modified the cluster head selection procedusadi protocol
[8]. The selection criteria for the cluster head is based omefidual energy in the
next round. In first round all the nodes have same probability of bagoahister
heads. Clusters heads are selected randomly. After theofirstl all the nodes have
the different residual energy. The nodes having more residualyaeesglected as the
cluster heads in the next round. NHRPA [9] is a routing protocoldbatouting
according to the distant between the node and the base statidnalremergy and
density of nodes distribution. In NHRPA the sensing area is divitedfield: one
contains the sensor node in transmit range of base station and setdrabiitains
the sensor node that are not in transmit range of base sfHtiemode in the first
field directly send the data to the base station. And in the sdmddcclusters are
formed and cluster heads are selected on the basis of curragyt and initial energy.
The time and space complexity of NHRPA is &(Mhere n is the number of node.

This protocol is more efficient than other simple hierarchicgdtering algorithms.

In 2008 Fu Wen use multi-hop communication mode between cluster-heathland s

as compared to 2-hop communication mode in LEACH protocol [10]. In LEACH
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there is direct communication between sink and cluster head. Tkests®n is
located at far distance from the cluster head, the energuroption will be more, the
cluster head will be dead soon. This protocol finds an optimal pathedetihe
cluster head and base station. The cluster head sends the datechastie head
which is nearest to the sink. In 2008 Guan XKiral raises a new concept of backup
cluster head to improve the fault-tolerance of the network [1Zhisnprotocol every
clusters consists of two cluster heads: one is primary closta which perform its
task accordingly and second is backup cluster head. Backup clusteadteaas a
cluster head when the primary cluster is dead or run-out of en€hgyprimary
cluster head and backup cluster head is determined on the basisotalisetween
the sensor node and centre of the cluster. The node which istnteatiee centre is
primary cluster head and the node that is second nearest to the isebckup
cluster. After the data aggregation is completed at the clhetal. The cluster head
sends the aggregated data to the base station using a multiHmopucization

process.

DDAR [12] solves the problem energy consumption due to far distaatelbcCHs
from the base station. The protocol selects the cluster heads dradiseof node
distance and energy. The number of cluster heads are not fixedekruled
dynamically. The protocol calculates the average distancesbattihe nodes from the
base station. If the nodes are located far away from teeag® distance are not
elected as cluster heads. It introduces the concept of SCH nadeasptifal path
between the cluster heads and SCH nodes are formed using AShe cluster
heads sends data to the SCH and SCH transmit data to the ltiase Kt&ariborzi
proposed a novel light-weight routing protocol called as EAMTR [h33etup phase
multiple trees are formed according to the need of netwdfictrahe node chooses a
less congested path to the base station. This protocol improves dimeebalf the
workload for data aggregation and single-point failure for high dewsigfess sensor
network. In 2009 Akramul Azinet.al introduces a concept of relay node [14]. The
relay node are deployed randomly in the network. Relay nodseteeted as cluster
heads. And transmit the data to the base station. In this wagyeloss of sensor
node as cluster heads communication is solved. If the relay nddadsthe network

continues working until last node is dead by reforming clusters.
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Liu et al. have presented a new vehicular clustering scheme based on old routing
algorithm, which is known as multi-layer clustering routingoaitihm (MLCRA) [15].
Therefore MLCRA is proposed to remove the hotspot problem in WSNesudts
shows much improvement in network lifetime and load balance as cednwéh the
classical algorithms like direct transmission, LEACH. InLGRA, lower-level
clusters use direct transmission to transmit the informatiortrentbp-level CHs use
multi-hop communications to transfer the information to the baserst&MHR[16]

is a hierarchical routing protocol that uses single-hop communidagioveen sensor
nodes and cluster-head, and multi-hop communication between the clustertdiea
the base station by using the weight function.In 2010 Jae-Young Pywniecsa
new hierarchical routing protocol, distance aware intelligent eiungt protocol
(DAIC) [17]. In this protocol the network area is divided into tignsl the node with
high energy and nearest to the base station is selectedchsstiee head. The number
of cluster head is calculated dynamically to get rid of the wasary selection of the
huge number of CHs in the network. The sensor node adjust the trgpsmar
according to the distance from the base station. This distarare anethod can also
be used in other hierarchical protocol to improve the energy effigieA new
approach called Data Fusion has been used with Gauss membershipnf(ib8}i
The gauss function is used to improve the data precision decision andim#et
stability of network. In 2010 Gao yargg.al proposed an improved genetic algorithm
for WSNs [19].In FRGA a filter and replenishment method arel usencrease the
performance of the network and solve the problem of localizatiesul® show the

localization accuracy by using genetic algorithm.

Jalel Ben-Othman and Bashir Yahya [20] presented an energgmrtffand Quality of
Service(Qos) aware routing protocol that increases the lifetimthe network by
balancing the energy usage across nodes, utilize the techniqueenotes
differentiation to let the delay sensitive data to reach the Isgstion within an
sustainable delay, minimize the end to end delay by sending théhdaigh multiple
paths and uses the data redundancy to maximize the throughput. Thi®lpustx
the parameter like residual energy, SNR and available lifferof node to guess the
next hop in path construction phase. This protocol make use of queuing mdeeal to

with real-time and non-real-time traffic.
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R.Saravanakumaet.al proposed a new routing protocol that on the basis of residual
energy form the clusters and elects the cluster-heads from modeswork [21] .
This protocol uses the node scheduling scheme (ACTIVE and SLEEP
mode).According to this node scheduling technique in every clustéeaietwork,
according to the no. of nodes half of the nodes are kept in actide mhereas the
remaining half nodes are in the sleep mode for certain time pétited the certain
period of time the mode of the nodes changes, now the active nodestgogsep
mode and the remaining half nodes goes into active nigylepplying this node
scheduling scheme the energy efficiency is increased becausewsh¢he node is in
sleep mode in every cluster it consumes very less energyolbanging of sleeping
and active modes increases the number of total rounds and the isrdisgsibuted in

a balanced way. . Mu Tong and Minghao Tang modified the proceduselecting

the number of cluster heads [22]. In leach protocol At every roumd #ife first
selection of cluster head according to LEACHJ1], in second tisenber of cluster
head are selected on the basis node’s residual energy. The sheultthat number of
cluster heads are constant and near optimal per round.

Yuhua [23] introduce the connectivity density value in the threshold function f
selecting the cluster head in LEACH [1] protocol. It increatses probability of
sensor node with large connectivity density to become the cluster Imeelustering
stage the cluster head fixed the cluster radius according thstfaece from the base
station and degree of connectivity. The remaining sensor nodeheimtuster on the
basis of head node energy and distance from the cluster head.m@lsenop
communication is used to transfer data to the base station. Yemalincrease the
performance of LEACH protocol by setting the time length patanfer each round
and increase the throughput and efficiency of network [24]. Every d@irpensor node
is dead the algorithm defines a new time for each round. The nsimb&ames in a
LEACH protocol are deducted to increase the reliability of theor&. Q-leach [25]
is an efficient routing protocol for wireless sensor network. QHeach technique
uses the Q-DIR protocol and cluster approach for increase thdldiferaycle of
network .Quadrant based directional routing which merged the paranoetiéed
localization, flooding. With Q-dir as a reactive protocol and consumesmum

energy and increases the network efficiency.
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LEACH-N [26] is an energy efficient protocol for WSNs. In thistpcol the problem
of selecting the cluster head nodes are solved. This method cantgaarthat the
cluster heads are selected based on the residual energy of teedmadguster. The
results show low energy consumption and better data transmissiothevestwork.
This protocol limits the energy of a node to become a cluster loete 80 that the
average energy of cluster and whole network is increased. CEXRRs[a routing
protocol that divides the network field into four quadrants and each aquadnasists
of two clusters. The cluster head is determined on the basisamora residual
energy and minimum distance to the base station. CELRP is &hwmpltrouting
protocol. Arezoo Yektaparast. al proposed a algorithm that divides the cluster into
7 subparts known as cell and a node from each cell is selecdhead of the cell
[28]. The cell head acts as relay node between sensor node atastaefeead. The
technique for selecting the cluster head and the cell heathis $&r the first time
cluster head and the cell head are selected dynamicatléy. that they are selected on
the basis of residual energy. Ningbo proposed a method to chooseadéapetween
the cluster heads and the base station to reduce the energy cooswhhe cluster
head to send data directly to the base station [29]. The clusttdheatly sends the
data to the base station and base station is far away frontuterchead so more
energy is consumed to send the data. Now cluster head does noy deadtthe data
to the base station. All the cluster heads sends the data relaiienode, relay node
aggregates the data and sends the aggregated data to the ti@se dang this
technique considerable amount of energy is saved through communicatiorsproces
Selection criteria for relay node is based on the residual eaadydistance from the
base station

Dali Wei proposed a protocol to solve the problem of the node depletion in the
locations where traffic load is heavy [30]. The problem is commun data
aggregation scenarios where CH have a heavy load of collectingretening
information. The relay load on CHs increases as the distarthe tmase station goes

on decreasing. To maintain the balance of data load and the amsagg in the
network, the CH should be rotated around all nodes and the size @di$iers must

be deliberately decided at different location of the network. Th@qubfinds out the
cluster sizes on the basis of distance between the hop and thet&iase, thus

achieve approximate equalization of node lifetimes and minimizertbigy usage.
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In 2012 S.H. Gajjer proposed a new method to elect the cluster [83dn this
method cluster head is selected on the basis of multi-paramatieras residual
energy and the distance from the base station. To make thisqgirotoce energy
efficient the protocol proposed a threshold values for start thdysgtate operation
of sensor node. If the sensed value is greater than the thresholdheakensor node
transmit the data to the cluster head otherwise it remaigieép state. The threshold
value is set by the user according to its needs. C-sec [32]cptatduces energy
dissipation by solving security related overhead. C-sec protocol sisegle
mathematical operation to combine the security related datacopaekets. C-sec
eliminates the energy usage required to send security relatedGdaec also reduce
the cost of protecting against repay attacks by providing a unégqueity property to
high packet header information. BERR [33] is a routing protocethith a node
before transmitting data to the base station, estimates thehof energy cost value
to the base station by the information gained through neighbor nodef BikBs
into consideration the sender’ energy level but also that of itseadjaodes, so more
efficient energy conditions a node has that further increasehémee of node to be
selected as cluster head. BERR improves the real time geliyerthoosing the node

with smaller hop count to the base station as a relay node.

Do sung Kim and Hyun soo Cha proposed the FZ-Leach protocol to imprbeise t
existing Leach protocol [34]. In this protocol the clusters isddigiinto two areas
depending on the distance between Cluster Head and Cluster Meodier A Far-
Zone area is a group of sensor nodes that is far away from iIChestd. In this
protocol Far- Zone is decided by average minimum reach apditer (AMRP). The
AMRP is a measure of the expected intra cluster commumiicatiergy consumption
for communication to cluster head. A cluster head computes the amnipower
level of member nodes with a cluster head and the minimum powelr below
considered in Far-Zone. Now the powerful node is selected by theneaderesiding

in Far-Zone. For the selection of zone head don’t consider the didiahween zone

head and Far-Zone Member node.

Sudhanshu Tyagi proposed a technique to improve the lifetime of twerkdB5].
The nodes are randomly deployed in the sensing area so some notlesart the

base station or far away from the base stations. In this mdtkododes which are
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closer to the base station can directly communicate to bags athe nodes which
are far away from the base station can communicate throughrdieste. The nodes
that are closer to the base station does not required to formerslas energy is
consumed more as compared to direct communications. A threshold ¥alkeledted
on the basis of distance with ratio of 1:9 between direct commigmicand cluster
based communication. GEERP [36] consists of three parts: gridiquar cluster
heads selection and multi-hop communication. In grid partition the netsvdriided
into two levels: secondary level grid (SG) which forms one alusiih cluster head
and primer level grid(PG) is made up of nine SGs. For every rourcduster head is
selected on the basis of residual energy and the fused dae dtister head is send
to the sink node through multi-hop routing by calculating minimum weidi result

shows that it can improve the balance network energy dissipatibcoxerage.

Asha Ahlawat[ 37] proposed a new protocol to enhance the lifetinie afetwork. In
this protocol along with cluster head a vice cluster head is edlect the basis of
multiple parameters such as minimum distance, residual eaathsninimum energy.
The other node determines it cluster based on the receiving sigeater the signal
strength means less distance between the node and the diesigrso less
transmission energy is required. Vice cluster head will repthe cluster head as
cluster head dies.TERP [38] routing protocol emphasize on incretmangecurity
level in the network and thus minimize the energy consumption bydindiiog the
concept of trust factor. As the trust between the nodes isrhilglss encryption of
data is required and thus energy is saved. This trust factalcidated on the basis of
the importance of the data to be send. Qain Liao optimizes thehdidefunction for
the selection of cluster head by considering the two paramstets as node’s
residual energy and its position information [39]. This algorithso é&nproves the
optimal cluster head election technique i.e. is the sensor ndeletstiee optimal
cluster head on the basis of the cost function. Dilip Kumar havenpeelsevo novel
clustering based protocols, Single-hop energy efficient Clusterotgqui(S-EECP)
and Multi-hop energy efficient clustering protocol (M-EECP) [H0]S-EECP the
cluster head is selected on the basis of ratio between resitrglyeof each sensor
node and average energy of the network. In M-EECP the clustertia@adit the

aggregated data to the base station through multi-hop communication.
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Chapter 3:
Network Design

3.1 Design Terminology

The model consists of different components as described belovaldtwligh various
aspects of network like sensor nodes, environments, energy consunmptidifferent

notations.

WSNs: Consider a network consisting of N number of sensor nodes which are
stationary and a fixed base station BS. Nodes are arranged rgrataminiformly in
a sensing field but the base station is far away from thengefisid. The sensor
nodes communicate the data to base station after sensing theneresit. Data
transmission takes place though multiple sensor nodes which arefelsed as relay

nodes.

Base Station: The base station has central processing unit with high computation
power, a memory unit out of which small memory is used for gdhea data and an
unlimited power source. It collects data from the sensor fieldsands to the external

network. The base station communicates with outer world throughéntetc.

Node: Each node has many sensors which sense the environment througéndiffe
parameters, receiver receives data from neighboring nodes asanhittar is used for
data transmission to the other nodes. Sensor nodes sense theignalagns convert

it into digital form with the help of converter and by using trarigmit transmits the
data. The node consists of attributes like Node ID, unique fory evade, initial

energy of a node and many fields.

Node Energy: Energy can be distributed homogeneously or heterogeneously in a
field. Every node has some initial energy. Bfter every transmission, consumes
some amount of energy. The nodes with insufficient energy are dedgplemoved

from the network and new Minimum Spanning Tree is generated autalyatitter
completion of a round. In mostly cases the heterogeneous enatigided into two

parts, one is for sensor nodes and other for relaying nodes.
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Fusion: Every sensor node generates a b-bit packet and sends it taghboneag
node to relay the packet further to base station. All the rejaypdes compress the
packet and transmit it to the base station. Data fusion techrsqueed by many
modes to send same packet to collector node. So, there is meetbwhl of duplicate
packets.

Sensing Field: It is a rectangular field in which sensor nodes are placed rapdom

communication.

Analog to Digital Convertor: It converts the analog data to digital form after

triggered an event.

3.2 Energy Model Used for WSNs

For our work the radio model used is same as discussed in LEACHh[fljis model
radio consumes energy to run the circuitry of transmitter anavezcnd is given by
Eelec=50NnJ/bit. dmp =100pJ/bit/rhis required for amplification of the transmit signal.
In order to transmit a message of n-bit over a distance d theotdsnsmission
(ETx).

Cost of Transmission
Erx(n,d) = n* Eyer + 1% Ly + d° (hH

ETX(”' d) =nx* Eﬁiec! +n#* Iamp * d:l (2)

To recive a message the Cost of Reception (EzX) is
Erx = Eeleet ¥ 1 (3)

There is an assumption in this model the energy required to senfdotataode A to
node B is same as energy required to send data from node B to noda Aiven
SNR ratio. To transmit a message over a short range distacbeas between the
sensor node and the cluster head the energy dissipates bgrthitramplifier is
directly proportional to @ However for a long range distance such as between the
cluster head and the base station the energy dissipates bwrthmitramplifier is
directly proportional to 4The cost of transmission and reception for a message is

high, so the protocol must tries to minimize the transmissionndistand the number
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of transmit and receive operation required for sending a messhgefollowing

figure represents the radio model.
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Figure 3.1: Radio model

3.3 Deployment M ethodology

The network model is consists of a multiple sensor nodes and a biagg station.
The 100 nodes are scattered randomly over the sensing field of 60*6@aaf node
in the sensing field has an ability to transmit the data to the &i@tion directly but
this direct transmission consumes a lot amount of energy. To redecenergy
consumption multi-hop routing is used for increase the life cyclRIARE protocol a
concept of relay node are used in which on relay node is in fixetiomogt5,45) and
distance is calculated from this point. The link cost is cdedldy using cost
estimation function after that the best path is chosen by usingplauttietrics and
then the data is send to the base station. In MCBA protocol a ohjgttive cluster
based approach is used in which clusters are formed from afdoietiand cluster
head are elected on the basis of multiple parameters. The fajidigure shows the
random deployment of nodes in 60*60m
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Figure 3.2: Random deployment
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3.4 Sensor and Relay Node I nfor mation

The node structure consists of number of fieldhsag location of the nodes, UID,
Distance from close relay node, Distance from lsggon, Initial energy, Available
Energy, Threshold Energy and Dead Energy. By udiege fields the nodes can
communicate with other nodes and a fixed positiasebstation. The values of some
of these fields are change after the completioeawth transmission. The following

figure show the number of fields used in node s$tmec

LOCATION UID |DISTANCE |DISTANCE |INITIAL |AVAL THRESH DEAD

OF FROM FROM BS ENERGY ENERGY ENERGY ENERGYI
NODES RELAY
NODE

Figure 3.3: Node structure

Where the location of node is used to finds itatmn in the sensing field as shown
in coordinate system. UID is a unique identificatiolumber assign to each node for
addressing purpose. Distance from close relay modesed to form the cluster and
select the cluster head node. Every node have soment of initial energy and each
round when transmission is done the transmissi@nggnis reduce from the initial

energy of that node and stored in available enéely. Threshold energy and Dead
energy are used to continue the transmission, wiheravailable energy is equal to
threshold energy then node is consider to be deddvaien threshold energy is equal

to dead energy then network is consider to dead.
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Chapter 4
Proposed Work

4.1 Cost Estimation Function

The cost function is used in protocols is to esténhe link cost based on the multiple
parameters. The cost is used to find the best gradhcluster head in case of MAEE
protocol and MCBA protocol respectively. For inseahe lifetime of network and
make the network reliable the cost estimation fimmctised are shown below.

Dh.op i C"F « E:r'esq

C'fiz'nic — CD *
D req E?'z ode

(4)

Where C'p and C'; are the cost factor for energy. delay respectively as defined in three classes

as shown in table 1. Dy, Eivoge are the delay of link and energy of node respectively.

Table 1: Classes for path selection
| CLASS [ Parameters | Cp | Cp |
10 Delay 1 0
01 Energy 0 | 1
11 Delay and Energy | 0.5 | 0.5

In our work , the class 3 is used for selection of best path and cluster head in the proposed

protocols. The value of C'p and C'g are 0.5.

4.2 Link Cost Function

The link cost function consists of two parametamg is transmission energy that is
used for transmission of packet from one hop tararchop and second is delay are
distributed randomly in a range of 1-20ms over mie¢work. We use the idea of
greedy method to forward the data to the baseostaiihe sender sensor node search
its neighbor by using the concept of radio modedascribed as section 3. The node
that is nearest to the source node is elect ash@xifor communication because if
distance between two hops is less than lesser energsed for transmission and
receiving of packets. The same process is repadettify t he path to base station.

The expected formula used for finding the cosir &s follow
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Erx(n,d) =n* Egee + 1% Lymp * d? (5)

ETX (?1., d) —= Tk Eelect + 70 * Iamp * d* (6)

Where d is the distance from one hop to another, E..., is the energy for start the circuitary and
Loy 18 the amplification energy and n is the number of bits of packet. The packet format used
for communication in which E.,;, or threshold energy value is shoen in path parameter field and
Dparn also shown in path parameter field. The following figure shows the packet formation used

for transmission of 2000 bit packet over the network.
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Figul.1: Packet Format

4.3 M ulti-objective Approach for Energy Efficiency (MAEE)
The model consists of two parts
e Minimum Spanning Tree

+ Cost estimation function

In this architecture by using the greedy approach a minimum spggirge is

constructed by using two parameters delay and transmissiagyekéith the help of

29



cost estimation function link cost is assign to each sensor nodeinkleot use the
value o ¢, and ;. is 0.5 and minimum best path is selected

The following Algorithm shows for MAEE

4.3.1 Algorithm

Initialization Phase

Stepl: Deploy the nodes randomly in a fixed size sensing field and aed fi
position relay node whose initial energy is 6 Joule.

Step2: Calculate each sensor node initial energy, delay andnassignique
identification number.

Setup and Route Discovery Phase

Step3: By using the cost estimation function find the best minimal padm f
source sensor node to the fixed size relay node. The formula usealdolating
the cost is shown in equation 1 and assign these cost values takach li

Step4: Now apply the greedy approach to find the best minimal path &ource
to fixed size relay node go to step 5. If not then go to step 6.

Ener gy Deduction phase

Step5: If Path is available deduct the energy consumed for trarismis$ data
from source node to relay node denoted by R

Step6: If path is not available then the packet is drop and go to step 9.

Step7: Now transmission of data from relay node to BS and reduce energy
consumed for flow of data.

Step8: If the available energy of node is less than the thresholdyetierg node is
discarded from the network.

Step9: Repeat this process set the id parameter to 1 after eamission the
process is repeated until threshold value is not equal to the deag andrghe

whole network dead.

Whenever a source node detect an event after that packet¢ndite sdentify the path
from that sensor node to the base station. The estimate cosbfuaatl link cost
function is used to estimate the cost of the link. By applyinglifkstra'salgorithm

an optimal path is identify for communication. The following figunewss the MAEE

protocol.
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Figure 4.2: MAEE

In MAEE protocol is not send the data directly to the base stitsthy all the sensor
node send the data to the relay node and then the relay node send thdtdatmse

station.

4.4 Energy Deduction

After identifying the optimal route from the source node to the btdmn, the actual
transmission can take place in every round of communication samenaof energy
is reduces from hop to hop. If the distance between the two hofggeethan large
amount of energy is consumed otherwise minimum amount of energgds Qsr
aim is to reduce the energy consumption. The energy of relayisodach higher
than the other sensors nodes. The relay nodes are fully functiomzd.d@ll the other
sensor nodes send the data to the high energy relay node. Adtereléty node
calculate the distance from base station by using the equatiod sends the data to

the base station. The formula used for deducting the energprissexas

Erem — Lava — ET,\' (7)
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Where FE,.,, is the remaining energy of the sensor or relay node , E,,, is the current available
energy befor the transmission of data and Epy is the transmission energy consumed during the

communication. The multiobjective parameters are consider for proposed protocol are as under

4.4.1 Energy Consumed
The end to end energy is defined as the total amount of energy detjuisend the

data from source node to the base station and can be expressed as

hopn

Eprh = Z Ehopg (8)
=1

Where Ej,,, is the amount of energy consumed by single hop transmission and how much

energy is consumed by single node is described in Energy model in section 3.

4.4.2 End To End Delay
The delay is defined as the amount of wating time for processing queueing, transmission and
propogation delay. The delay of path ), can be defined as the sum of all the delay of link on

that path.

hopn

Dy, = Z Dhop )
1=1

Where Dy, is the delay for a single link in a path. End to End delay is defined as the maximum
delay for the path

Deoe = mazD,,, (10)

4.4.3 Packet L oss Probability
It is defined as the ratio of number of packets send bydbhees to the number of
packets received by the receiver and can be express as

2 urce
Pprp == 11
pLr Ps’riﬂ.k ( )

The packet loss probability ratio for transmission of packets faumce node to the

fixed position relay node and relay node to base station is shovguie #.2.
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The average energy consumption for transmission of data to BS ia gh&wgure4.3
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Figure 4.3: Average Energy Consumption

4.5 Multi-objective Cluster Based Approach for Energy Efficiency
(MCBA)

The architecture of this protocol is consists of relay nodelaster head node. The
cluster head node are chosen based on the cost estimation functiorclaridnea
cluster head send tltata to the closed relay node. After collect the data fornteclus
heads, the relay node use fusion technique to combine multiple packeis packet
and send the data to other base station via other relay nodes.p€heebt nodes in
the network are Relay nodes. The following figure representsiukeer formation in
MCBA protocol.
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In this technique fixed position relay nodes are placed over theorketwll the

sensor nodes make cluster by calculating the distance fronotiesicrelay node. The
nodes which are closest to a relay node are placed in one e@ndtegmaining nodes
are placed in another cluster. After that a cluster head isenhon the basis of
maximum energy and minimum delay and all the clusters head sedethe data to
their closest relay nodes. The relay nodes collect the dateeaddcsthe base station
via other relay nodes. The following algorithm shows the full deson of MCBA

protocol
4.5.1 Algorithm

Initialization Phase

Stepl: Sensor nodes are deployed randomly in a rectangular plane af are
60*60nf and classified these nodes in the form of cluster by caleglaistance
from nearest relay nodebhe relay nodes are fixed position nodes.

Step2: Cost of link is calculated by using cost estimation functioth @ssign cost

value, delayand initial energy to each sensor node.
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Setup Phase

Step3: Now choose the cluster head based on two parameters with maximum
energy and minimum delay. The energy of relay nodes are gteatethe sensor
nodes.

Step4: Each member node sends the data to the cluster head and redaice cer
amount of energy. The nodes which have less energy than the threstroid are
considered to be dead.

Step5: All the cluster head nodes send the aggregated data to thetrfecee
position relay node and energy is consumed during transmission.dhéngy of
relay node is equal then the transmission energy the node is renmowedhe
network.

Step6: Relay nodes are very far away from the base stationckoneale sends the
data to the nearest relay node for sending the data to the &téme abd reduce the
energy consumption.

Step7: If the Relay nodes are dead then a new cluster are fantetbr choosing
the head node go to step 3. This process repeat until the thresholdsvahte

equal to dead energy which means the network is dead.
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Chapter 5
Results

The simulation results of the proposed protocols are shown ine datdn below.
The network comprises of 100 sensor nodes i.e. are randomly edatter fixed size
sensing field of area 60*60mand computes the life cycle of the network. In each
round of communication one or certain amount of sensor nodes are dead and these
nodes are removed from the network. The MAEE and MCBA are moiceatf
protocol as compared with existing Leach protocol. The MAEE is éfftaient and
MCBA is 2x efficient than the leach protocol. In case of MA&Bne fixed node
called relay node is placed at position (45, 45) and base statmeated at (90, 90).
Every time a minimum spanning tree is generated from souns®rsaode to fixed
position relay node and then relay node sends the data to the biase $tee initial
energy of relay node is 6 joule/node. In case of MCBA a clasgeformed based on
the distance from the fixed location base station the clustdribehosen on the basis
of cost function and used for the transmission of data to the relay. iodd€BA
relay nodes are used and initial energy of each relay nodeoidel JThe following
table show the lifetime of network.

Table 2: Simulation results for a 60m*60m network with

initial energy 0.5J/node

Dead Node| MAEE MCBA LEACH
1 1139 1800 803
2 1158 1819 812
3 1168 1838 821
4 1178 1857 830
5 1188 1876 839
6 1198 1895 848
7 1218 1914 857
8 1224 1933 866
9 1225 1952 875
10 1228 1971 884
11 1238 1990 893
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

1248
1258
1266
1274
1282
1290
1307
1311
1329
1332
1357
1362
1368
1377
1381
1399
1405
1416
1421
1430
1447
1454
1469
1473
1488
1498
1504
1515
1525
1535
1544
1558
1561

2009
2028
2047
2066
2085
2104
2123
2142
2161
2180
2199
2218
2237
2256
2275
2294
2313
2332
2351
2370
2389
2408
2427
2446
2465
3484
3503
2522
2541
2560
2579
2598
2617

902
911
913
920
929
938
947
957
964
966
968
970
972
974
976
978
979
980
982
984
986
987
988
990
991
992
993
994
995
996
997
998
999
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

1574
1582
1595
1601
1613
1626
1627
1637
1647
1657
1668
1679
1689
1693
1707
1714
1725
1732
1747
1753
1766
1771
1788
1797
1802
1815
1823
1831
1841
1853
1868
1872
1889

2636
2655
2674
2693
2712
2731
2750
2769
2788
2807
2826
2845
2864
2883
2902
2921
2940
2959
2978
2997
3000
3002
3004
3006
3008
3010
3012
3014
3016
3018
3020
3022
3024

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032

38




78 1898 3026 1033
79 1908 3028 1034
80 1910 3030 1035
81 1923 3032 1036
82 1939 3034 1037
83 1945 3036 1038
84 1956 3038 1039
85 1963 3040 1040
86 1974 3042 1041
87 1981 3044 1042
88 1990 3046 1043
89 2000 3048 1044
90 2002 3050 1045
91 2005 3052 1047
92 2008 3054 1049
93 2015 3056 1051
94 2020 3058 1053
95 2025 3060 1055
96 2030 3079 1057
97 2035 3082 1059
98 2040 3084 1061
99 2045 3088 1063
100 2047 3092 1065

The figure 5.1 represents the life time of network. The retl ldue lines in figure
show the number of packets send by MCBA and MAEE protocols resgigctihe
x-axis represents the number of nodes dead in every single nodirydaxis shows the

lifetime of network.

The first node dead after the transmission of 1139 packets in cib®Ed and 1399
in case of MBCA. The last node is dead after the transmissi@®4f and 3082
packets in case of MAEE and MBCA. All the remaining sensor Iadeng initial

energy is 0.5j/node and base station have limited amount of energy.
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Figure 5.1: Simulation Results for lifetime of network.

The dead energy for the network is 0.003j/node. In MAEE protocolag reode
whose initial energy is 6 joule is placed in fixed location (45,48)@ase station is at
(90,90) in coordinate system of sensing field. Every time a aptpath is identify
from source to relay node and after that actual transmissiorséodbation can take
place via relay node. In case of MBCA cluster are formed tttusest relay nodes
which are at fixed position in the networking field. The clutiad send the data to
the closest relay node which forwards the data to the basenstadi other relay

nodes. The relay node energy in MBCA protocol is 6 joule/node.

The table 3 shows the inputs parameters for transmission of 200@dssage over

the network.

Number of Nodes

Table 3: Requirements

1 Initial Energy 5 joule

2 Initial Relay Energy 6 joule

3 Packet size 2000 bits

4 Range 25 m

5 | E 5 nj/bit

6 Eomp 100 pj/bit/m?
i Number ol nodes 100

8 Area 60%60 m°
9 Dead Energy 0.003 joule
10 | Threshold Energy 0.25 joule
11 | Position Of BS (90.90)

12 | Position of Relay Node | (45.,45)
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The following figure shows no. of rounds after which the first nétdf nodes and

Last node is dead.

3500
3000 -
2500+

2000 - B MAEE
B MCBA
1500 LEACH

1000

LifeTime of Network

FND HND LND

Figure 5.2: Simulation Results for FND, HND and LND.
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Conclusion and FutureScoEe

In this work two energy efficient protocols MAEE and MCBA arepmsed to
increase the reliability of the network. The simulation resiitsw that the protocols
are much better than the existing leach protocol. The energyuroptien for
transmission of data to Base station in both the protocol is lesshaxisting leach
protocol. The concept of relay node and minimum spanning tree areous®dease

the overall lifetime of the network.

As a future scope one can think of apply these protocol to mobile netwdr&heck

the perform of network and also focus on the security issues on WSNs
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