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Abstract

Recent advancements in wireless communication technology allowed rapid growth of

wireless sensor networks (WSNs). WSN contains minute electronic devices that are

called sensor nodes(SN). WSNs covers many areas like health care, environmental ob-

servation, industrial monitoring, battle fields and in security. SN exchange information

with each other under transmission policies. SN are low dormant and energy reticent

appliances; so the energy-saving routing protocols are the pre-eminent objective. To

overcome these issues, we have suggested a new energy efficient and scalable routing

scheme which uses Genetic Algorithm to get optimal solutions. The proposed scheme

reduces the energy usage and elongate the lifetime of WSN.

Keywords: Direct Transmission (DTS), (CTS), Energy Neutral Operation (ENO),

Global Positioning System (GPS). Genetic Algorithm (GA).
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Chapter 1

Introduction

1.1 Motivation

A network comprises of numerous disseminated tiny electronic devices using sensors

to obtain results from healthcare, wildlife and in agriculture to raise the standard of

mankind is known as wireless sensor networks (WSN). [1]. These small devices have

different functions like sensing information, process that collected data and forward it

to the further sensing nodes (SN), derive the concept of WSN .These SN are applicable

in different areas like healthcare, monitoring,automation and in military applications.

[2–8].

There are various edges of WSN, the major advantage is that Sensor Nodes (SN) can

operate in un-attended and dangerous sites where human access is sometimes unfeasible

and dangerous. So, SN are deployed in most un-common ways like dropped by heli-

copters, and then these SN form a network [9, 10]. To cover the large area, hundred and

even thousands of SN are required to build a network. To build this huge size network,

it requires architectural and management techniques. These SN are battery contrived

and their batteries can not be replaced. So to cater this issue, WSN requires energy

contrived routing techniques to preserve energy and enlarge life of the sensors [11].

The Routing techniques for WSN are normally categorised into two categories on the

bases of flat , hierarchical and network structure rooted routing strategies. All the SNs

have same abilities and performs same tasks in flat rooted routing technique.The flat

routing uses flooding technique to send data from one hop to another hop [12]. To

cater the scalability and energy issues, there is a strategy which is known as hierar-
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Chapter 1: Introduction

chical/cluster based routing, in this whole network divides into various clusters, every

cluster has its own Cluster Head (CH). Every SN communicates its collected information

to its CH, then selected CH clumped that acquired information and forward it to BS.

The BS has high abilities like more processing power,storage capabilities and longer life

time than normal SNs [13, 14].

Since SNs are very small devices and low energy preserving abilities, there is a require-

ment of energy efficient routing strategies which can enlarge the stability period and

network life time.

n this thesis, an optimal clustering using genetic algorithm in heterogeneous WSNs

presented to enhance the adaptability and network lifetime using Genetic Algorithm

(GA). The proposed technique and results are discussed in chapter 3.4.

1.2 Wireless Sensor Network (WSN)

1.2.1 Overview

The development and extension in the micro-electrical technology and wireless technol-

ogy, WSNs become major player in various fields such as, military observations, sports,

health care, transportation, underwater communication and so on. WSNs contains small

devices which are called sensors/nodes spreads over the large region. There is one or

more powerful sensor node which is called BS/sink. It acquired data from other SN.

The BS/sink node is extra powerful,if we do comparison with the other nodes. The

BS has high processing power, larger storing capacity and longer life time [15].A SN

consists of (power cell, CPU, storage, sensing and transmission chip). These sensor

nodes can build a network together and communicate information with each other [16].

There are many advantages of WSNs, but one major advantage is that WSNs mostly

operates in unwanted and grating areas where human tracking is unfeasible, and some

time is very risky. To overcome this issue, sensor nodes are deployed randomly some

unmanaged resources like helicopter etc [17]. As nodes are deployed in unattended

areas, their power (batteries) become more valuable because batteries cannot be re-

placed in those areas. Data gathering and data transformation to specific destination

consumes more power[18, 19].So, there must be some energy aware routing algorithms
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Chapter 1: Introduction

which can expands the life span of SN. Energy aware communication is one of the ma-

jor challenge in WSNs. There are some points that is why energy efficient routing is

so important. Firstly, resources like battery life, processing power and transmission

range are limited. Secondly, there cannot be globally addressing schemes like internet.

WSNs cannot manage the topological changes as internet protocol (IP) does, because of

large communication overhead. Third one, high chances of data duplication because of

data gathering from numerous sensor nodes. Fourthly, many WSNs technologies needs

only one communication strategy that is many to one, in which SN communicate their

collected information to the destination. Lastly, many applications of WSNs is time ori-

ented, so data transference should be completed in given time span. So, restriction for

the data transference latency must be counted in this type of application [15]. Energy

preservation is very much critical than level of quality. All the sensor nodes are directly

dependent on battery for longer life span of the network [20] . The architecture of WSN

and SN are described in the following diagram 1.1.

Figure 1.1: WSN Structure.

The routing schemes in WSNs are categorised on the basis network structure. And these

are hierarchical/cluster, flat, and location rooted routing. As stated earlier that energy

3



Chapter 1: Introduction

conservation in WSNs is very important because of short life span of sensor nodes.

So, hierarchical/cluster rooted routing is very beneficial to save power and expanding

network lifespan[21]. This thesis proposed a clustering technique which elongate the

overall network life and stability period. The proposed methodology is explained in the

chapter ??

1.2.2 Architecture of WSN

Open system interconnection model is used in WSN. OSI model contains five different

layers and these are physical,application,network,transport and dara link. And there

are some further layers which are management, mobility and power management layers

. These extra planes are there to improve overall efficiency of the network by forcing SN

to work together [22, 23]. The architecture of the WSN is displayed in the figure 1.2

OSI layers for WSN

1. Application Layer:

The responsibility of this layer is to give stage for different applications to convert the

communicated data into an understandable shape. It is also used to obtain different

form of information for the user.The application of sensor nodes are in various fields like

military, healthcare, supply chain management,agriculture and in automobiles [22, 24].

2. Transport Layer:

Transport layer is there to control packet loss, improve reliability of communication

and to avoid the congestion.There are lot of transport layer protocols designed to avoid

inconsistency in upstream(user to Bs) or in downstream (Bs to user). A transport layer

is specifically required when a user wants to communicate with other networks. [25, 26].

3. Network Layer:

The basic functionality of layer 3 to direct the required data accurately to the required

destination.There are also challenges on this layer which are limited energy resources,

memory and buffering capacity [27].

4. Data Link Layer:

This layer facilitate system to control errors, well founded hop by hop data delivery and

multiplexing of data [28, 29].

4



Chapter 1: Introduction

5. Physical Layer:

Physical layer is responsible to transmit bits over physical medium. It also responsible

for data encryption and modulation,signal detection and carrier frequency selection.

Figure 1.2: OSI Architecture.

1.2.3 Routing Protocols

Routing is a technique which finds out the best conceivable way between a sender and a

receiver [30]. Wireless sensor nodes have non-rechargeable and non-replaceable batteries

which means these types of networks are different from other networks, so they require

more efficient and accurate routing [31]. The efficient communication can be accessed

by through these following factors.

Routing Protocols Design Problems:

The immense furtherance in wireless sensor networks involved its application in different

fields like military, healthcare, sports, physical world and in industries [32]. As the

application of WSN increased, these networks face number of challenges like limited

bandwidth, limited power supply, limited computing powers and limited memory while
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connecting these networks with each other. The major design aim of WSN is to sustain

the communication while keeping SNs up for longer duration. Routing protocols faces

many challenges in designing phase. There are some designing issues and challenges

which influence the whole design process [32–35].

Node Deployment:

Wireless nodes formation in WSNs are application specific, which has a key role in rout-

ing protocols performance. The formation of the Nodes is either manually or randomly.

Nodes which are deployed manually has different impact on routing, because they re-

quire pre-determined paths for communication. Whereas nodes which are deployed in

self organizing manner needs reactive approach to route the data from one end to other.

Finite energy capacity:

As the wireless sensor nodes have batteries incorporated in which are non-rechargeable

and non-replaceable, so they have limited energy resources. If the nodeâĂŹs energy

depletes to the given threshold, they can not be able to communicate the desired in-

formation. Energy capacity has a leading role in to design energy efficient routing

protocols.

Hardware limitation:

Sensor nodes have limited computational and storage resources, so they must use low

power [36]. These hardware limitations raise many obstacles in designing of routing

strategies.

Scalability:

In WSNs, there can be hundred and thousands of wireless nodes covering large area,

so there must be a proper routing technique that can be able to allow communication

between the nodes of large scale network.

Reliability:

Routing protocols designed for WSNs must provide accurate and error free data delivery

over noisy and wireless channel.

Adaptability:

In WSNs, a wireless node may fail due to energy depletion, join and leave the network

because of wireless range, this movement causes the topological changes in the network.

6
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So, routing protocols should have ability to adapt the topological changes.

Channel Utilization:

As WSNs have limited resources of bandwidth, so the designed protocols for routing

should make effective use of channel capacity to increase the channel utilization.

Fault Tolerance:

Since SN are deployed in abounded and tough environments. So wireless senor nodes

should be fault tolerant in case of any kind of troublesome like node failure. Wireless

protocol design should take care of that wireless nodes have the capability of self-testing

and self-recovery in case of any failure.

Security:

A wireless network protocol design should present feasible security features which can

prevent data from unauthorized access and malicious attacks in the network.

QoS Support:

Every wireless application requires different QoS support like reliability, accuracy, la-

tency, bandwidth and security. For example, to track any specific node in the network, it

requires low transmission delay while multimedia transmission requires high throughput.

Classifying routing protocols in WSN:

Routing protocols play a significant role while broadcasting data from a sender to re-

ceiver. Routing protocols are the effective way to find out the best way between a SN

and BS. There exist routing tables which gives the best solution for the effective com-

munication between nodes. Routing protocols are categorized into five ways according

to the communication initiator, Route processing, network topology, protocol action,

and next hop selection [31, 37–39]. The classification of routing protocols is shown in

figure 1.3. Network structure represents the topological design of the network which

can be flat, hierarchical (cluster based) and positional scheme.The flat scheme gives a

idea in that each SN has identical role while in cluster-based,nodes have different roles

according to their energy level etc.In location-based scheme, nodes places are used to

direct the data. So, if there is a requirement of adaptable, accuracy, and power efficiency

in the network, hierarchical routing scheme is a lot better choice.

7
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Figure 1.3: Types Of Routing Protocols.

1.2.4 Cluster-Based Routing:

This scheme is a good option in terms of energy efficiency. This methodology breaks

down the complete area into different segments which are called clusters. Every cluster

has more than one CHs and cluster members(CM). Nodes which have higher level of

energy will be selected as CHs while further SN are named as cluster members(CMs).

The architecture of hierarchical routing is presented in fig 1.4. In which CH is used to

clump information and transmit clumped information to the BS. While CMs are used to

sense the information in cluster and communicate information to BS. The hierarchical

routing plays an essential part to achieve the application reliant on targets. [40, 41].

Generally there are two or three phases in Hierarchical/cluster based routing protocols.

These stages are initial, cluster head (CH) selection and data communication stage.The

Hierarchical/cluster based routing protocols consists of further three types which are

Block , Grid and chain cluster based routing.

1. Block Based Routing

The block based clustering is the effective technique for the real-time observation. The

famous block cluster based routing protocols are: LEACH,LEACH-ONCH,LEACH-AP,

P-LEACH and W-LEACH [42–46].

2.Cluster Based Grid Routing

This routing technique basically specifies whole data space into countable grids, all the

8
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Figure 1.4: Hierarchical/Cluster-Based Routing.

operations of the network are performed on this grid. The protocols which used Grid

Based clustering technique are: GAF, PANEL, TTDD and SLGC [47–50].

3.Cluster Based Chain Routing.

In this routing strategy, all SN communicate with their closest nodes to transmit their

data. This chain type relation between sensor nodes decreases the amount of transmis-

sions which ultimately decreases the energy usage and overhead as well.The protocol

which have used this technique are: CSS, PEGASIS, TSC [51–53].

Limitations in Clustering Protocols

There is plenty of research work on clustering/Hierarchical based routing to find out the

drawbacks and eradicate them but there are still problems to be focus on to improve

the efficiency of Cluster/Hierarchical routing scheme.

• Method for Cluster Head Selection.

• Network Scalability.

9
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• Network Topology

• culpability tolerance.

1.3 Applications of WSN

There are number of areas in which wireless sensor nodes are used which are Disaster

relief operations, military operations, home applications, enviormental applications and

medical applications. Some of the application are discussed below and also shown in the

figure 1.5.

Figure 1.5: Applications of WSN.

• Military Applications

The WSN are used for surveillance and also to detect emergency situations. These

SN are also be useful to detect the exact location of bio or chemical attacks. These

SNs can be helpful to detect wounded soldiers form the tough battlefield [54].

• Home Applications

As the enhancement taking place in wireless technology, this technology can be

found in household items like refrigerator, oven, vacuum cleaner, water system

10
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monitoring, and home security.

• Environmental Applications

These wireless sensor nodes have number of applications in the above mentioned

area. These SNs can be used to detect and monitor the affected area of jungle

because of fire, wildlife, earth, soil and agriculture. These SNs are also used to

detect the flood and earthquake as well. These SN can also be vital to detect the

wind pressure and direction, temperature and humidity as well.

• Medical Applications

WSN assist human beings and animals better health care and efficient monitoring.

WSN also enables internal monitoring of a patient. A new concept in the field of

healthcare is mobile-helath [55] ,4G-health [56] and internet of things (m-IoT) [57]

enabled new and efficient of ways of patient of monitoring.

• Water Quality Monitoring

Water is necessity for every alive thing in this world, but clean water is very im-

portant for humans health. A study says, over 20 percent of the world community

does not have any safe and clean drinking water. By using sensor nodes in the

water reservoirs, systems are collecting some important parameters like oxygen

density, pH, temperature etc [58].

• Fault Detection

The WSN are very beneficial in fault detection and monitoring of industrial ma-

chinery, buildings and Data Centers. These SNs are beneficial in those areas where

access of humans are not that easy [59].

1.4 Wireless Sensor Networks Challenges and Research Is-

sues

There are many issues and research problems in Clustering/Hierarchical routing which

are addressed but still lot of them are remaining to be addressed to gain efficiency.

Following figure 1.6 mentioned some issues that must be addressed to gain optimal

results.

11
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Figure 1.6: Wireless Sensor Networks Challenges.

• Data Management

As WSN produces large amount of data, there must be a way to prioritize and

manage the important and critical data. Less-important data should be discarded

for a specific time. This method can be achieved by introducing a queue which

only contain the important data and eradicate less-important data, this can vary

from application to application.

• Data Consistency

In WSN, Data may travel from some hundred meters to thousand meters con-

taining critical information like a patient data, some environmental data or any

emergency data. Any false information may create huge problems. So, there

should be a way which can maintain data consistency.

12
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• Overhead

The transmission of control packets before the actual transmission causes overhead,

this overhead can cause loss of data packets. To overcome this issue, there should

be an access strategy which can reduce the overhead [60].

• Data Flow

In WSN, Flow of data depends on two scenarios which are normal and emergency.

There should be some mechanism which can prioritize the normal and emergency

traffic. Data should be prioritize in such a way that there should be no impediment

in the way of emergency traffic (ET).

• Lifetime

As WSN are energy critical and sensor nodes (SN) are battery oriented, Batteries

of SNs are irreplaceable, So there is a need of energy efficient algorithms [61] which

can enlarge the lifetime of the WSNs.

• Throughput

In WSN, the throughput of the network reduces due to packet collision, connec-

tivity loss or overhead in the network. There are some applications which require

some real time readings like border monitoring, m-Health and also in environmen-

tal monitoring. So there should be some efficient scheduling algorithms [61].

• Mobility

There are some applications in WSN which requires mobility in the network like

emergency scenarios. Every time a node changes its location, this can change the

topology of the network, and the change in the topology should be disseminated

to the whole network other information can be lost.

• Scalability

WSN should be able to acquire any changes in the number of SN and in the

architecture of the topology as well [? ]

• Reliability

The term reliability in WSN refers to the packet loss, delay in transmission, which

is dependant on the medium situation and data needs. Implementing irrepressible

data transmission mechanism can improve the reliability of the network.

13
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1.5 Contribution

The research issues which are discussed and shown in the figure 1.6 are important to

addressed, most of them are addressed but energy efficiency is a very critical problem

in WSN. Following are the contribution that have made to improve the effectiveness of

the WSN.

• An optimal clustering using genetic algorithm in heterogeneous WSN have pro-

posed to improve over lifetime, stability and throughput of the network.

• Using Genetic Algorithm (GA), we choose two best nodes in each cluster as Clus-

ter Heads, which reduces the computational processing as well as improve the

efficiency of the network. More details about this topic are discussed in chapter

3.4

• There are some future trends and issues which are discussed in chapter 4.

14



Chapter 2

Literature Review

The motivation behind the related study is to evaluate previous work and there is much

research work have taken place in cluster based routing protocols. A detailed study of

the previous work is present in this chapter.

2.0.1 Cluster Based Routing Techniques

In [62], the DHRP policy is proposed to reduce the imposed overhead during clustering,

escalate the life and adaptability of the network. To lengthen the SNs lifecycle, the

proposed approach manages the clustering operations in such a way that clustering

overspend is minimized while the burden is balanced on the nodes at a crucial time.

Hyper round (HR) consists of dynamic rounds, which starts to form a beginning of

around which includes a setup phase and it ends up with the new setup phase. Re-

clustering of network triggers only when required.

In [63], authors has proposed an efficient clustering-based energy efficient routing proto-

col which improves the throughput and improves the overall life of the network. EE-MRP

contains two stages, setup, and a steady. The network is separated into three logical

stages in the first stage. Every stage has its own CH to gathers data from the member

SN. The CHs are evenly distributed to increase the throughput and overall network

lifetime.There are different time slots which are also allocated to SN by the cluster head

so that every node can send its information in the allotted time slot. In steady stage,the

CH clump the obtained information and communicate to the sink or forwarder node. A

forwarder node is also deployed in this network, which has greater processing capacity

and energy, the battery of the forwarder node also replaceable. The purpose of deploy-
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ing a forwarder node is to minimize the distance between CHs and BS which helps in

minimizing the use of energy consumption.

The Authors of [64], presented K-means clustering based routing protocol designed to

transmit the optimal fixed sized packet to reduce the power usage of the individual

node as well as improve the overall life of the network.. OPSKC has three phases,

initial, cluster formation, and CH selection phase. In this phase, BS broad cost the

initial request message in the network. All the nodes then send a response message

with their initial energy levels and location. In the cluster formation phase, clusters

are created using the Kmeans method. The cluster head selects because of two weight

function. Weight function consists of residual energy, distance and the total quantity of

energy to accept and aggregate information.

The idea behind [65] is to increase the network lifetime using power balanced clustering

mechanism. This proposed protocol uses local density, remaining energy, and distance

to select cluster heads. The CFSFDP-E has two phases, cluster formation and the

steady-state. In the first stage, firstly the parameters are initialized, then the algorithm

computes the remaining spark of every SN. If the energy of the SN depleted, it means

node cant take part in an election of CHs. Lastly, CHs are elected by the support of

remaining energy, distance, and local density. In second stage, CHs allocates the Time

Division Multiple Access (TDMA) slots to SN. The Member SN transfer their collected

information to the CHs at their allotted time slot. Cluster Heads first obtained the

information from member SN then send collected information to the BS.

In [66] protocol, a new duty cycle based CH selection using energy harvesting scheme

is proposed to prolong the latency, throughput, and overall lifespan. The CH selected

based on the nodes current status of harvested energy. Harvested energy status shows

that after how many rounds this node can again become a cluster head. In ECO-LEACH

nodes uses solar light to harvest the energy. ECO-LEACH proposes a unique TDMA

scheme, in which time slots are evenly distributed into two sub-slots, a direct transmissio

(DTS) and a cooperative transmission slot (CTS). Every node in the network uses this

unique TDMA based scheme, in which every node is available to act as a relay. All relay

nodes listen to the transmission of the nodes in the DTS slot time and best relay node

transmit the received packet in the CTS slot time. In the proposed duty cycle, member

nodes can skip the allotted TDMA slot to maintain the Energy Neutral Operation
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(ENO). ENO means SN do not transmit their information to save the energy in the

allotted time slot to expand the overall life span of the network.

The basic idea behind [67] is to lessen the power usage and enhancing lifespan of the

network. The K-medoids calculates the best medoids point between the sensor nodes.

After that, the best cluster head can be selected using this pivotal point. KCA operates

in two steps, a setup and communication stage. In the setup stage, K-medoids scheme

is used to group the nodes into clusters and then used to select the best node as CHs.

In the communication phase, all SN communicste their collected data to their own CHs.

CH alloy acquired information and sends it to the BS. Network efficiency and lifetime

are achieved by balancing the network load between clusters.

In [68], the idea focuses on the problem of imbalanced distribution of CHs in WSN.

This imbalanced distribution causes unequal distribution of energy which leads to an

early death of the sensor nodes. Ultimately network lifetime reduced. To overcome

this problem, a segmented LEACH approach is proposed in which the whole network

is evenly segmented into five segments. These segment numbers are user-defined. A

mathematical approach to game theory is also implemented to enhance life and reduces

the energy usage of the network. In improved-LEACH, classic leach is implemented

in every segment separately.The LEACH has two stages. One is the setup stage in

which clusters and clusters heads are created. Clusters heads are selected based on

probability. Every node participates in a cluster head election. All SN send their

acquired information to their own CHs. In the data transmission phase, clusters heads

sum up the received information and send it to the BS. Game theory model is also

implemented in this scheme. This model has three stages. These are initialization,

setup and steady phase.

ML-Leach [69] covers the problem area of multi-hopping. If a network uses multi-

hopping, nearest nodes to the BS depletes their power rapidly. So, to resolve this issue,

the suggested scheme contains three stages. The initial stage is a selection of CH and a

forwarder node, second is a rotation of CH and third is routing. In the first stage, the

network is separated into two layers, layer one and two. The layer one nodes broadcast

their current statuses. Nodes which receive this broadcast message set their routing

table as their forwarding node. The role of the CH rotates to the suitable SN which has

high remaining capacity and high node density among the member nodes. To enlarge
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the overall lifetime and maximize the utilization of network, better routing strategies are

needed. In the proposed scheme,a multi layer cluster design is proposed which consists

of a forwarder, non-forwarder, and backup forwarder to enhance the routing techniques

in the network.

The proposed scheme in [70] is developed for continuous monitoring of the fluctuated

events. Its a 2-logical overlapping topology based scheme which ensures that the col-

lected information from two adjacent nodes of the event location will send to the same

CH for aggregation. A hybrid time and eventdriven scheme are also introduced for pro-

longing the network lifetime. The EEOAC works in multiple stages, every stage consists

of cluster formation and steady stage. Every stage is consisting of additionally five sub-

stages which are data gathering, CH selection, Cluster generation, data dissemination,

cluster head re-adaptation and cluster re-location. In the data collection phase, all the

local and global information will be gathered. Firstly, the main node disseminates the

HELLO message in the network. All the nodes respond it with their information. The

main node computes the area from itself to the ordinary SN through the Euclidean

distance(ED). Cluster head will be selected using left-over energy and distance of the

nodes. Cluster generation stage completes using 2- logical overlapping scheme. This

scheme consists of threetime intervals which help in the generation of clusters. Data

disseminates using a hybrid approach which consists of event and time driven. This

hybrid approach provides continuous monitoring of the network. In the cluster head

re-adaptation stage, when the node depletes its left-over energy to the given threshold,

the closest member node which has more left-over energy than the CH will be speci-

fied as CH in the next round. The existing CH also disseminates the shifting cluster

head message in the network. A demand driven cluster re-location technique is used to

relocate the cluster on demand.

The purpose behind [71] is to regulate the cluster size considering load balancing among

cluster nodes to elevate the power efficiency for the network. The required target is

achieved through load balancing among clusters and the base station. The proposed

scheme consists of two stages, one is nodes establishment and the other is rounds stage.

Round stage is further divided into two parts. One is creating regions and its heads

while the other one is data dissemination. In the nodes establishment part, SN are

deployed in the specific zone that is called the sensing area. While in the Round stage,

firstly regions are created uniformly, and their heads are selected based on more left-over
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energy and access of closest nodes. The node which has maximum left-over and a most

number of neighboring nodes will be the head of that round for that specific region.

The focus of [72] is to reduce the energy usage by disseminating the nodes having

unequal energy. DK-LEACH is designed to form the optimal clusters in a heterogeneous

environment. Just like LEACH, DK-LEACH also comprises of two steps, one is set up

and other is data transmission step. In the beginning, BS sends a hello message to all the

other SN. Then all SN send their sensed information to sink, then sink accumulates the

mean power of nodes and selects CH having maximum left-over energy and minimum

distance from the BS. CHs allot slots based on TDMA to all the member nodes. While in

second phase, member SN communicate sensed information on the allotted time frames.

CHs then fuses the retrieved information and transfer it to sink node.

In [73], a duty cycle based clustering approach is pro-posed which also uses energy

harvesting (EH). The Proposed routing protocol has two duty cycles to sustain an

energy neutral operation. One duty cycle is for selecting the CH, a CH is selected on

the bases of nodes power capacity and energy harvesting capacity. Second duty cycle is

for data transmission which is also considered the energy harvesting and data transfer

rate in non-cluster head (NCH) mode. DC-LEACH performs well to enlarge the latency,

throughput and overall network lifetime.

The idea behind [74] is to elongate overall life of network and save power by proposing

the double CH routing protocol based on a clustering algorithm. Data fusion strategy

of information entropy(IE) is handed-down in DFD-LEACH to avoid the redundancy of

the data and enhance the efficiency of data transmission. The proposed idea is divided

into two steps. One is to create clusters and another one is data transmission. In the first

step, the network is separated into clusters using the K-medoids clustering technique.

Then two CHs are selected based on probability. There is a thresh hold for cluster head

selection, which is 0 to 1. Every node will participate in the election. A node which is

matching the given threshold value will be selected as a CH. There will be two CHs, one

is for communication with the sink node, and the one accumulates the information from

the nodes and transmit it to the main CH. This strategy reduces nodes participating

in the communication which will ultimately reduce the energy consumption. While in

last step which is the data transmission phase, the main cluster head uses data fusion

of information entropy which helps in efficient data communication, data accuracy and
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remove the redundancy of the data.

The improved multi-hop technique(IMHT) [75] which is built on LEACH is suggested to

prolong life and enhance the flow rate of the WSNs. The focus of the proposed scheme

is to lower the energy usage during communication with the BS and CH, or BS and CHs

are positioned far from other nodes. IMHT also reduces power usage in the scalable

environment. This routing algorithm proposed two levels of communication which are

an upper level and lower level. These Levels are defined from the distance b/w CH to

the BS. These levels allow CHs to transmit with other SN or straight to the BS. IMHT

has four phases. For the initial step, it is assumed that all the SN are positioned in the

network. CH are selected just like LEACH. All CHs knows their positions via a global

positioning system (GPS), and they calculate their distances from the BS. The second

phase is about the announcement, all the cluster heads disseminate a message which

contains the position and distance of the CH. While in the routing phase, all the CHs

create their routing tables. In the last stage which is about aggregation of data, the

focus of aggregation is eleminating the redundancy and channelized the accumulated

information to sink. Accumulation is done at the CHs.

The proposed scheme in [76] designed to accomplish energy efficient clustering using en-

ergy harvesting. Every SN in the cluster based routing scheme in CREW has recharge-

able batteries which has limited storage capacity and they use the photo-voltaic solar

panels to harvest the energy. CREW contains two step, cluster generating and data

transmission. In cluster generating step, algorithm generates different layer using dis-

tance from SN to BS. These layers are called network gradients. The size of the clusters

is different because of varying distance from the BS. Nodes which has minimum distance

to the BS generates one layer while the nodes which are far from BS builds another layer.

The CH is selected based on average energy. The data transferring step consists of multi

hopping and direct data delivery. When the average power capacity of CH is above from

the power of other CMs and the gain energy is above from the consumed energy than

cluster head uses direct communication instead of multi hopping. Multi hoping is used

only when power of the CH is at average level.

In HCCA [77] is to enhance the network lifetime using hybrid routing algorithm. Its

three layered routing architecture which consists of sensor nodes at layer 0, cluster head

(CH) at layer 1, grid head at layer 2 and BS at layer 3. The HCCA has top to bottom
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approach in which heads are selected first at grids level (layer 2) through centralized

approach. Grid heads are selected directly by the BS by considering the remaining

power capacity and nodes location. While CHs are selected at layer 1 by distributed

approach among the SN. Likewise, LEACH proposed scheme also consists of rounds.

The grids and clusters are generated in every round separately. Data flow in HCCA

from bottom to top. All the SN in a cluster transmit their information to the respective

CHs. CHs fuse the received information and transmit it to respective grid heads (GHs)

using CSMA/CA approach. After receiving the data from cluster heads (CHs), grid

heads (GHs) send data directly to the BS using CSMA/ CA approach.

In [78], The CTEF forecasts the energy for the next round using the difference of current

and classic energy levels. There are four stages in CTEF, one is estimation of average

energy which is accomplished through classic average energy. Another is CH election.The

choice of CHs is based on a cost function and area between SN. Cost function consists

of quality of link, packet loss ratio and residual energy. A node which has high link

quality, less packet loss ratio and higher left-over energy. Cluster formation totally

dependant on the area of separated SN. The distance is calculated through received

signal strengths (RSSI) from all the cluster heads. A node will transmit join request

message to the nearer cluster heads. Last one is tree generation within in cluster to

minimize the responsibility of CH. The nodes which have more cost function value will

be selected as non-cluster head nodes. These non CH nodes act as relay between CH

and other SN.

In [79], work is presented to improve network life time using energy efficient neighboring

clustering approach. Neighbor discovery has done by using log-normal shadow (a propa-

gation model), received signal strength indication (RSSI) and to find transmission range.

It works in two steps. One is initial step; SN are deployed in the network randomly.

All SN compute their distances after receiving broad cast message form base station.

Now, cluster heads are selected on three parameters which are remaining power, one

hop distance and distance by the gateway SN. In the first step, sensor nodes transmit

their collected information from the respective area and send it to the CH. then CH

accumulates that received stats and transmit it to the gateway node.
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Proposed Methodology

In WSN, SN has a very limited capacity to process the data due to its restricted battery

power. Therefore,an energy saving routing protocols are very crucial to enhance the

overall network lifetime. From chapter 2, it is observed that most of the techniques

either deplete the sensor nodes energy rapidly or have very low accuracy, there is need

for robust energy efficient routing techniques which improves network efficiently and

accurately. Therefore, a unique routing algorithm has designed and described in this

chapter to improve the efficiency and network lifetime. We have proposed an optimal

solution for efficient clustering using Genetic Algorithm to make the network energy

efficient.

3.0.1 Optimization

Optimization is a method for discovering the best feasible solution. Optimization is

concerned with finding the values of input through which the "best" output can be

achieved. The definition of the term "best" can vary in different problem domains,

however in mathematical terminology, it is said that by varying the input parameters

one can maximize or minimize the objective functions. Search space is made up of all

the possible solutions or values which the input can take. In this pool of search space

there recline a tip or set of tips which gives best solution. So optimization strategies are

specifically implement to find the pin spot which gives the ultimate solution.
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3.0.2 Genetic Algorithm

A GA is a meta-exploratory scout based on biological inspired procedure used to solve

optimization problems. This algorithm works according to the Charles Darwin theory

evolutionary genetics and natural selection. GA was proposed by John Holland in

1960âĂŹs and his students assisted him for development of newly invented approach. In

GA, a population of candidate solutions (called individuals) is evolved towards better

solutions. The process starts from an initial population of individuals also known as

generation which is randomly generated and evolves in multiple iterations for better

solution. These individuals are composed of set of bit strings known as genes. The set

of strings are called chromosome which is actually a candidate solution [80]. Once the

population of chromosomes is generated, the fitness of each separate index is processed.

The suitableness can be defined as a value of the suitableness function of optimization

case. This fitness function required to be minimized or maximized according to the

problems requirement (i.e. minimizing evacuation time). The better fit solutions are

selected from the population of each previous generation as parents of next generation

and these parents are passed through the process of cross over and random mutation

to produce offspring for new generation. The string from a candidate solutions is then

used in the next iteration to evaluate the fitness and the same process continues until

supreme number of strings be generated, or a termination point has been arrived. The

work Flow of GA is shown in the following figure 3.1

3.1 Proposed Solution

To develop a routing protocol, there is a need for a network model. In our proposed

solution, there is N SN, a CH and a BS. The total zone in which SN are deployed

is 1000*1000 meters, all the SN are randomly distributed in the network zone, CH is

stationed in network area while BS is deployed outside the network area. The main

points of the network model is as under,

• Nodes are randomly deployed, network is heterogeneous on the basis of packet size,

all other capabilities like sensing,communication and processing are the same.

• Sensor Nodes are energy strained.
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Figure 3.1: Genetic Algorithm Work Flow.

• BS is far from SN and static.

• All SN have equal chance to become CH in each round.

• CH has more processing, storage and power capacity.

• Initially all the SN have same energy.

3.1.1 Energy Model

It is very true that the energy available for the nodes is not only finite but also it

may decline very easily. So, the management of the energy is very crucial. There are

different suppositions regarding energy depletion, but we have assumed that the power

usage of the SN because of communication and processing. We used the same energy

model as used in [81, 82] and also shown in the following figure 3.2. The energy usage

in transmission of a packet having size of k bits over a communication distance d, is
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shown as under

Figure 3.2: Radio Energy Template.

ET x(k, d) = k(Eelec + εAmpd
λ) = EelecK + εAmpkd

λ (3.1.1)

Where k = size of the packet

d= distance between sender and receiver

Eelec = ElectronicEnergy

εAmp = transmitteramplifier

λ = pathlosses(2 ≤ λ ≤ 4)

Energy consumption in packet reception is as under

Erx = Eeleck (3.1.2)

So, Total power while in sending and receiving of information over a distance (d) is as

under,

Etotal(d) = k(2Eelec + εdλ) (3.1.3)
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3.2 Algorithm

This work contains two algorithms, First algorithm 1 explains the selection of CH using

genetic algorithm. The advantage of using GA is that it gives best optimal solution.

while the other one 2 shows, how energy is computed for the said work.

3.3 Design of Energy Efficient Routing Protocol

The though backing our proposed scheme is to delineation power aware and scalable

routing protocol which provides efficient information routing and good data conveyance.

The SN are randomly distributed in the field, and end user requirement is to obtain

high level function data which is collected from different environment events. There is

a need of efficient CH selection algorithm, and optimized routing technique to design

power aware and scalable routing protocol. In our proposed scheme, SN are randomly

distributed in the wireless zone, the selection of CH occurred randomly through GA,

while BS is stationed outside the wireless zone.

3.3.1 Setup Phase

The setup phase contains establishment in the area of 1000*1000 meter field, all the SN

are randomly distributed in the area. The SN are responsible to transmit the collected

data to CH, CH accumulates that data and communicate that to BS. The placement

of the CH in the network field reduces the distance between SN and BS, so in a result

overall power usage of network will be reduced.

3.3.2 Cluster Head Selection phase

After the network establishment and SN deployment in the zone, next phase is to select

the CH. In the suggested scheme, CH picking occurred through GA, which selects the

most suitable node as a CH. The GA selects CH on the basis of optimal energy which is

calculated through CH selection formula. The selected CH broadcast its status via Car-

rier Sense Multiple Access (CSMA), All member nodes calculates their received signal

strength indication(RSSI) from the CH. The CH allocates time slots to the SN nodes to

transmit collected information to the CH using TDMA. All the SN send information in
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their allotted time slots while in sleep mode during un-allotted time slots.

3.3.3 Steady state phase

After CH picking, the next step is steady state. All SN transmit acquired information

to CH in their granted time frames and during their un-alloted time slots they remain

in sleep mode. This routing algorithm (TDMA) is best choice to preserve power of

the network. The work movement of suggested scheme is represented in the following

diagram 3.3.

Figure 3.3: Proposed Algorithm Work Flow.
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3.4 Results

This section contains the detail discussion about the results which we have got during our

experimentation. We have used MATLAB R2016a to run the simulation and following

table 3.1 contains the values which we have used during our simulation. The results we

have obtained is compared with [81] and [82]. The achievement of the suggested scheme

is compared with the base protocols on following terms.

• Network Life time:

A time which has taken by the node from starting to its death is called life of the

SNs nexus.

• Reliability Period

The reliability of the network is calculated through time which a SN has taken

from its initialization to its death.

Table 3.1: Simulation Parameters

Parameteres Values

Network Area(meter) 100*100

Sensor Nodes 100

BS Location 150*150

Number of Rounds 6000

Initial Energy(E0) 0.5J

Channel Wireless

ET x 50nJ

ERx 50nJ

Eamp 100pJ/bit/m2

MAC Protocol IEEE 802.15.4

• Alive Sensor Nodes

A total number of SN which have not yet consumed their power and left more

energy to pursue communication process.
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• Dead Sensor Nodes

The Total amount of SN which have completely depleted their energies and left

with zero energy to communicate with each other.

• Throughput

The piece of information which is travelled from SN to CHs, CHs to BS in a given

amount of time is called Throughput.

• Scalability

After the establishment of the network, given network have to cater more topologi-

cal changes (increase in amount of SN) these change will not effect the performance

of the network.

3.4.1 Nodes Placement

In this portion, we have deployed nodes randomly in the network. The following figure

3.4 is showing the nodes placement.

Figure 3.4: Nodes Placement.

3.4.2 Alive Sensor Nodes

The following figure 3.5 shows the amount of alive SN after their whole network lifetime.
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Figure 3.5: Alive Sensor Nodes

One side contains the amount of total rounds, while the other side has the total amount

of sensors. The alive SN means, they haven’t depleted their energy fully and still have

enough energy for communication. Our proposed scheme achieved better results than

the base schemes.

3.4.3 Number of Dead Sensor Nodes

The SN which completely depleted their energies and left with zero capacity to com-

municate are dead SN. The figure 3.6 shows the total dead SN. The x-axis shows the

total rounds while the y-axis represents total dead SN. Our proposed scheme performs

outstanding than the other two schemes.

3.4.4 Throughput of All SNs

The following diagram 3.7 presented the degree of efficiency in terms of data dissemina-

tion, it shows the total bits sent in the whole life of SNs, the suggested scheme performs

better than opponent schemes.
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Figure 3.6: Dead Sensor Nodes

Figure 3.7: Throughput of All SNs
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Algorithm 1 CH Selection Using GA
Input: Total SN, Rounds, Population Size, Generation Number, Mutation Percentage

Output: Best CH selected after optimization

Initialize : Randomly deployed SNs, Positioned BS

SN_status = [0,1] ’.’ (0 for CH, 1 for CMs)

0: Generation 0, Random Deployment of Sensors As CHs.

0: for k=1 to population size do

0: for m=1 → rounds do

0: ClusterHead(i,j)= b Totalsensors*rand()c;

0: end for

0: Fitness(i) = AllRound Energy (ClusterHead(i,j));

0: end for

0: Sorting:

0: Sort CH row wise with respect to Fitness

0: for generation = 1 → Generation Number do

0: Copying:

0: for k= population size/2 → population size do

0: ClusterHead (k,m)= ClusterHead(i-population size/2+1);

0: end for

0: Mutation:

0: Change the copied CH chromosomes as Mutation ratio

0: Cross Over:

0: for k= population size/2:2:population size do

0: Swap (ClusterHead (k,1:round/2);

0: ClusterHead(k+1,1:rounds/2);

0: end for

0: for i=1 → population size do

0: for j=1 → rounds do

0: fitness= AllRounds Energy (ClusterHead(k,m);

0: end for

0: end for

0: Sort With respect to Fitness end

1: return Best choromose= ClusterHead (1,:);
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Algorithm 2 Allround Energy Calculation
Input: Number of SNs and BS

Output: Energy Calculation For CHs and CMs

Initialize : Position of SNs

Position of BS

SN_status = [0,1] ∵

 0 for CH

1 for CMs


0: p= All SNs packet size for All rounds

0: Energy = Allround Energy (ClusterHead per Chromosome (i,:));

0: for round no=1 : total rounds do

0: energy per round = 0;

0: k= sum(p(:,round no));

0: d= distance (CH,BS coord);

0: ET x(k, d) = k(Eelec + εAmpd
λ) = EelecK + εAmpkd

λ;

0: Erx = Eelectotalbits;

0: energy per round = energy per round + ETx+Erx;

0: for i= 1 → total sensors do

0: if i== CH then

0: continue;

0: else

0: totalbits= p(i,round no);

0: d= distance (sensors, ClusterHead);

0: ETx= k(Eelec + εAmpdλ) = EelecK + εAmpkd
λ;

0: Erx = Eeleck;

0: energy per round = energy per round + ETx + Erx;

0: end if

0: end for

0: Energy Rounds = (roundno= energy per round);

0: end for

1: return energy= Sum(Energy Rounds); =0
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Conclusion and Open Research

Issues

4.1 Open Research Issues

Potential future problems for WSN are identified in this Chapter. In Section 4.1, open

research issues are presented that can help the research community to make WSN more

efficient.The current trends and techniques for WSN are presented in the table 4.1. From

analysis, following open research issue in WSN are identified.

• Energy Harvesting:

SN are most of the time deployed in difficult area, where recovery or change of

SN is difficult. In the case of emergency situation, SN have to respond regularly,

it demand extra energy. There are various options that might be helpful to ex-

pand the life of the SN, like solar,vibration, RF and sound. So, there must be

a energy harvester (EH) who produces extra power to elongate the sensors life.

The development of EH is healthy challenge to improve the productivity of the

network.

• Security:

Sometime these SN are deployed in critical areas like border, battlefield area. In

mission critical or emergency scenarios, SN can easily be jeopardize. Target can

use the jeopardized SN for transmission of fake SN or bogus data. This could

affect the overall performance..
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Table 4.1: Comparison of Cluster Based Routing Protocols.
Name Year Energy Har-

vesting

Security Mobility Energy

Consump-

tion

Network Life-

time

CH

Backup

Delays Throughput Intra

Cluster

Comm.

Inter

Cluster

Comm.

DCS-

DHRP

2018 No No No Less Improved No Average Average One Hop Yes

EE-MRP 2018 No No No Less Improved No Less Improved One Hop Yes

EEKCBR-

OPS

2018 No No NA Less Improved No NA Improved One Hop No

CFSFDP-

E

2018 No No No Less Improved No Less NA One Hop No

ECO-

LEACH

2018 Yes No No Less Improved No Less Improved One Hop No

KCA 2018 No No No Less Improved No NA NA One Hop No

I-LEACH 2017 No No No Less Improved No NA NA NA One Hop

ML-

LEACH

2018 No No No Less Improved Yes NA Improved One Hop Yes

EEAOC 2017 No No No Average Improved No NA Improved One Hop No

ILCSA 2017 No No No Average Improved No NA NA One Hop No

DK-

LEACH

2017 No No No Less Improved No Average NA One Hop No

DC-

LEACH

2017 Yes No No Less Improved No NA Improved One Hop No

• Cluster Head Failure:

CH failure is the main concern for hierarchical/cluster based routing protocols,

CH is the main source which transmit the collected information from the sensors

to the BS. In emergency scenarios like hospitals, battle fields,water levels and etc,

if CH fails during the transmission,user will not be able to get right information

at the high times. This failure of CH may cause serious damage to the user. So to

over come this problem, there should be backup of the CHs to reduce the damages.

4.2 Conclusion

In this research, we have presented an energy efficient scheme using GA. We have studied

various related schemes, and collected prominent features and construct a detailed table

4.1, which contains pros and cons of observed schemes. We reached at a point where

every scheme is lacking in life of a SN. Because SNs are tiny electronic devices and

have non-replaceable power resources. So, we have improved the results using GA, an

optimization technique which select a SN having good energy values as CH,as long as

CH alive in the network, data communication will not stop.
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