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 ملخص الدراسة 

مجموعب  مبع عد بل المعتشب اا  المةتشباع ةبم عبلع مةبت    (WSNs) تمتلك الشبكات  السلبلا  

لجمببا الك تتببت  قماااكتتببت قتعببج لتت قالتببم رماببع اعتكتهمببت   تتببت  متمبب  ةببم مةببت     رعببت  ا 

 ال لهع الختص  لتذه الشبكات  ذبذ ا الكبتن  ع للهالبتتتت ت تبوا  بكات  .الإتعتن الوصول إل تت

(WSNs)  على تةع   نبا   قت تمبل علبى الشبكات  السلبلا     علبى  ك  تتبت التا م ب  قنجمتبت

 .الصغ ا الذا تم ال  وه عل ه ةم ت ك  ت  متةوع 

 ب    قالصبةتع    ةم الاعتر  الص      قالاصبل   قالة (WSNs) تعت  ا أن تاى أمم   قذود

علببى ال لرببل مببع الم ببلدا  قالت ببلرت  م بب  الببذا اع  (WSNs) قالأتمتبب    قالماااكبب ت قت تببوا

علربلعت التبلا الاس عبم مبو  ( (WSNs قالتتسك ال تا  قالتة  ت ق تلتتلم   ةإن مجت   ت بوه

كا  عبع قمبع الصب و    مابتن إ تلب  عمبا الشب .ال متظ على ال تا  قنمظتت لإ تل  عمبا الشبكا 

 ار  ت ل   التتسك ال تا  ةم المعتش اا   ن ث رتم ت ل   توظ ف ال تا   تلبتخلا  انةب ع مبع 

الكاقتو و   الم تةظ ع على ال تاب  مبا ابواهتم ت ع قانبلع لتبوة ا ال تاب  قالأاباى لت عب ع 

 .اتت تل الك تتت    ع المعتش اا 

الم باقا  امبت ع البتخلا   (DD) موذبهلكاقتو بول ا تتشبته ال (VRS) رتم التخلا  اواهتم  

ال تابب  قكلببك  وتببه انببل أمببم الكاقتو ببو   الم تةظبب  علببى ال تابب  يببمع  اقتو ببو   الكة بب  

لت لرل ال لد الأم   لمعتش اا  المة  ب  الوانبلع  LEACH المع     قاواهتم   الت ع ع ما

 اببسل دهالبب  تمصبب ل   لبب  بب  كلببك رببتم مببع  .المعببتعلع ةببم عمل بب  تببوة ا ال تابب  للشببكا     ملتببت

(LEACH) ق (DD) ق( VRS) قالت عبب ع علببى (LEACH)   للوصببول لأة بب   ار بب

ةبم  LEACH) لل صول على  تا  أ  ا ةم الشكا ت تعتم ل مع الخواهتم ب  ةبم ت عب ع ابلهع  

لل صول على م زع المواا مبا الكاقتو بول التامبم الم عبعت رم بل  VRS نمظ ال تا  قالتخلا 

 اا  مع اسل م اة  موا ه قموابا المعتشب اا  الم   ب  لم اةب    م ب  الت تمب  مواا المعتش

رة عبم  .ما الك تتت  إكا  تن مةتك أا معتش اا    تعت  ا التواص   عكب عل  قذود  تا  ة تبت

الةموكج الم تاح الجلرل إلى ذزأرع   الأقل رتةتقل عمل ب  نعبتا ال تاب  قا لتشب ته  لبتخااج 

  ل ببتم الببتخلامتت ةببم الك ببث عببع الم لومببت  الم لو بب ت الجببز  ال ببتتم مببو الجببز  أتمببت  الك تتببت

إكا  تتببا  .الببلرةتم ام عةببلمت ت بباه الشببكا  أا  اقتو ببول ر مبب  قة يببت لام بب  الك تتببت  الم لو بب 

أتمبت  الك تتبت  التبم تبم ذم تبت إكا  بتن نجبم  تك بث ةبم (DD )الك تتت  م لقدع   ةتبذا ر ةبم أن

ت لإتشت  أتمت    تتبت  ذلربلع ل مل ب   (LEACH)   ن ث ت م  الشكا  على تشغ   الك تتت  يخمي

 .  ث ذلرل

تبم البتخلا   (NS3) تمبا م ت بتع الكاقتو بول البلرةتم ام الجلربل قتمبا دهالب  أداسبه  تلبتخلا  

تظتبا تتبتسا الم ت بتع أن الكاقتو بول  .  سم  ااتكته لت   م الأدا  (DD,LEACH)  اقتو ول

 بب  علببى نببله مببع ن ببث  (LEACH,DDالببلرةتم ام لببه أدا  أة بب  مببع الببتخلا   اقتو ببول  

 .ال تا  قال ما

 



Abstract

Wireless sensor networks (WSNs) hold a group of spatial sensor nodes circulated
to collect, monitor, record data which can be considered as an important data in
critical areas that human cannot reach.
The special ability for these networks attracted a respectable amount of study.
WSNs have unrestrained figuration, and they depend on the wireless networks,
for their adaptive nature and tiny size WSNs found in various applications.

We can see the presence of WSNs in healthcare, monitoring, transportation, in-
dustry, automation, and surveillance. However, the WSNs have many limitations
and challenges like memory, power consumption, mobility. Hence, WSNs have so
many areas to evolve and develop. The major goal is to conserve and save energy
to prolong the network lifetime.
Because it’s hard to prolong the network lifetime by minimizing the node con-
sumption of energy, the energy employment is minimized by using two energy
efficient protocols with two algorithms one to save energy and the other to opti-
mize the transition of data between nodes.

We are using Volcano Routing Scheme (VRS) for the Directed Diffusion (DD)
protocol which is known as an energy efficient that helps flat structure protocols
to conserve energy, and the optimization algorithm with the LEACH to select the
optimal number of sink nodes that will help the process of saving energy for the
whole network.
All of that is done starting with a detailed study of the LEACH, DD, VRS and
the enhancement on the LEACH to see if there is anything advanced to save the
network energy.

We make use of the optimization algorithm to enhance the LEACH and use the
VRS to have the location advantage with the optimized hierarchical protocol. The
location benefits the nodes by knowing its location and the neighbor’s location to
know how to deal with the data if there are any dead nodes.
The new proposed protocol is divided into two parts the first one is manual, deal-
ing with the energy computation and sensing operation to extract the data patterns
to make the lookup tables. The second part is the dynamic part when the network
decides which protocol to operate according to the needed amount of data.
If the data is limited, it means the DD is searching in the lookup tables if the data

1
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amount is huge the network is operating the LEACH to construct a new lookup
table.

The newly dynamic protocol has been simulated and its performance has been
studied using NS3 simulator. The LEACH protocol has been used as a benching
mark to evaluate the performance.
Simulation results show that the dynamic protocol has better performance than
LEACH standing alone in terms of energy and lifetime and we can see it as a
percentage ranges from (20-25percent).
Keywords: Energy Efficient, Dynamic Routing, VRS, WSNs, LEACH, DD.



Chapter 1
Introduction

1.1 Thesis Overview
The internet is providing seamless communication without geographical barriers.
The days when communication was strictly limited to writing letters and waiting
for postal services to deliver them are gone.
Technological advancements influence various sectors such as health-care, indus-
trial automation, agriculture, transportation, and education. In addition to its ma-
jor job to close the communication gap. The advantage of wireless communica-
tion has made network connected at any time and any place and the data is not
restricted to a geographic place to be in. Its uploaded everywhere on the cloud.
The latest technological advances in the wireless were WSNs [1][3].
The WSNs technology are a class of special wireless ad hoc networks. A wireless
ad hoc network is a collected group of wireless nodes, which communicate in a
direct way over a mutual wireless channel [1].
There is no more infrastructure needed for ad hoc networks. It is a scattered net-
work without any organized structure or any known topology. Therefore, every
single node is equipped with a wireless transceiver, and it has to be able to act as
a router for itself, to process packets to their final destinations [2].
The major strong point of these networks is that they have the ability to self-
organize their infrastructure of the routing after they have been deployed the major
difference between popular ad hoc networks and WSNs are the area of application
[15]. For WSNs, to monitor and to collect data are the main point, while popular
ad hoc networks concentrate more on the communication aspects.
WSNs usually hold a major number of widely far distributed devices which are
equipped with sensors (instruments that measure quantities in our environment) to
monitor physical or environmental phenomenon. These devices work autonomous
and are logically linked by self-organizing means [14].

3



1.2 Problem Statement 4

WSNs allow the ability to observe the previously unobserved at a fine resolution
over large spatiotemporal scales.
So we can keep an eye on the environment in every second in the day WSNs pro-
cessors in various modes (sleep, idle, active), power source (AA battery or Coin
batteries, Solar Panels), memory used for the program code and for in-memory
buffering, radio used for transmitting the acquired data to some storage site, sen-
sors for temperature, humidity and light [1].
Attractive functionality of sensor nodes in a WSNs include effortlessness instal-
lation, fault indication, energy level diagnosis, high reliability, easy coordination
with other nodes in the network, control protocols and simple network interfaces
with other smart devices [15]. Therefore there are so many routing protocols to
do the data transmission and the computation needed to deliver the data from the
source to the destination the protocols are divided into two categories based on
the network structure and the route determination and some of them: SPIN[14],
DD[56], LEACH[49], PEGASIS[20], SPAN[21], GEAR[22], GAF[19].
In this thesis, a new dynamic routing protocol is proposed to prolong the network
lifetime. Which enhance the performance of the network to deliver the needed
data to the destination and we can see that in the metrics which give us a view of
the energy consumption and the throughput and the data transmission process.

1.2 Problem Statement
The problem of WSNs is their limitations that occur while using such as cost, size,
limited power. We are trying to find a solution for the power consumption prob-
lem because it is the most important one to prolong the network lifetime, hence it
is hard to reach those sensors easily where they are planted in nature.
The sensors are helping by saving patterns for the WSNs and collected data from
the environment, where the WSNs are implemented in. That helps in several cru-
cial areas like volcanoes, oceans, earthquakes and so on.
VRS is helping in directing the data packets to the specific location using the
shortest path is energy conserving, so we don’t have to deal with any problem for
losing the packets along the way.
Moreover, the LEACH is conserving the energy using the CH rotation at every
round according to the nodes energy.
By this we are able to solve the disadvantages for the separate two protocols(LEACH,
VRS) which are as follows for the LEACH:

• The nodes are part of the corresponding cluster in step with the published
signal intensity that exhausting the CH energy.

• CHs range can’t be ensured.
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• Best distribution can’t be ensured.

• CHs communicate with the SB in signal hope mode.

• Nodes with high and low energy have the identical priority to be a CH.

• Once CH dies the gathered information would ne’er reach the destination.

For the VRS as follows:

• Needs continuous stream of packets from supply to destination.

• Packets rearrangement would possibly happen.

• Performs higher in an exceedingly network that a nonstop stream of packets
are generated at every supply node.

1.3 Motivation
WSNs are small devices that are used to collect data from critical locations which
cannot be arrived by humans and they depend on limited energy sources like bat-
tery and there is so many research that discussed the energy-efficient protocols
previous researches handled just one protocol at a time to save the energy.
So we proposed a new approach to use two protocols in a dynamic way using two
energy-efficient protocols from two categories using the right network structure
according to specific conditions such as the amount of data, the network state also
the node state from the point of view of energy.

1.4 Objectives and Benefits
Our goal is to find a new routing protocol to prolong the network lifetime as long
as possible, without losing the data in the sensors.
The vital downside in WSNs is energy consumption that the superintendence of
the energy and the way it’s consumed is that the space of study. how to distribute
the energy among the network all the previous researches have studied the im-
provement on the network victimization separate protocols for the LEACH stud-
ied the way to improve the information transmission and for the VRS the way to
stop the issues associated with flooding.
The main objective is to develop a dynamic energy-efficient routing for the WSNs,
from that we are summarizing a new objective as follows:

• State art of WSN.
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• Improve the lifetime of the WSNs by prolonging the node lifetime. By
putting the sensors on sleep mode and activated when needed.

1.5 Main Contributions
In this we will present the main contribution of the thesis:

• Propose a new protocol using two structures for the WSNs instead of one
protocol with one structure each time, which is not used with this kind of
networks due to energy consumption problems.

• Make use of the optimization algorithm to prolong the WSNs lifetime.

• Make use of the location of the nodes to sense and collect data from the
needed nodes, with that we do not operate the whole network while the data
is in a known location, which saves the nodes energy while harvesting data.

1.6 Structure of the Thesis
This thesis is organized to show the details of WSNs in energy- efficient manner,
and it is presented as follow. A review of WSNs and how the technology evolved
to reach the wireless networks from wired networks and how it would be helpful
in everyone’s life on a daily basis.
Chapter 1 is an introduction to the thesis, discussing the problem statement and
the main contributions. In Chapter 2 the WSNs types are presented along with
the WSNs application, how they are used and where and the process of operat-
ing the WSNs in the controlling and monitoring. That will lead us to the WSNs
component and the node component in particular at the end WSNs challenges are
discussed briefly.

Chapter 3 proposes a review of the existing routing protocols and their types
according to the structure, route destination and location. Some of the improve-
ments on LEACH protocol as an energy efficient protocol in addition to the DD
are also presented.
and it has a description of the dynamic routing using VRS to be implemented on
the proposed protocol using the DD protocol as a second energy efficient protocol
to switch it with the LEACH for our newly proposed protocol.
Chapter 4 presents the methodology of the network proposed protocol solving the
optimizing problem with LEACH protocol and operating VRS with the DD to
help the network prolong its lifetime.
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Chapter 5 presents the empirical side of the thesis. Chapter6 presents the analysis
for the simulation comparing my results with the LEACH and DD each one stands
alone. Chapter 7 presents the thesis summary, conclusion, and recommendations.

1.7 Summary
This chapter is about the problem statement, the objectives of the thesis studying
this specific problem and benefits, then the thesis structure, and main contributions
that we are going to present.
The next chapter is discussing the background of the WSNs.



Chapter 2
Background

In this chapter, we are presenting an overview about the WSNs, by presenting
the types of the WSNs and where they are used in which applications we are mak-
ing use of them to ease our lives. Additionally to some of the characteristics and
some of the advantages.
After that we are focusing on the hardware components and some of the node
specification, we tend to finish with the WSNs challenges and therefore the rout-
ing classes utilized in WSNs. Finally, we are presenting the network structure in
details.
The energy-efficient cluster-based hierarchical (Low Energy Adaptive Clustering
Hierarchy) and flat (Directed Diffusion) routing protocols of Wireless Sensor Net-
works are studied to improve the quality of network performance by prolonging
the network lifetime. The distinguishing features of these protocols are exploited
to merge them in a grid topology to make the network switch in a dynamic way
which protocol to operate according to the network energy state.
Finally, the presented approach will be simulated via NS3 to show the results.
This chapter is organized as follows. In Section 1.1, we outline an overview of
the work presented in this thesis. In Section 1.2, we discuss the applications of
WSNs. In Section 1.3, hardware components of a Wireless sensor node, in Sec-
tion 1.4 WSNs types, in Section 1.5routing categories, WSNs advantages, in Sec-
tion 1.6 network stricture , in Section 1.7 characteristics of WSNs, in Section
1.8 WSNs advantages, in Section 1.9 WSNs challenges, in Section 1.10 problem
statement, in section 1.11 motivation And the research objectives are presented in
1.12, finally, 1.13 thesis structure and 1.13 summary.

8
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2.1 WSNs Overview
In our daily life we need to communicate with each other and transmit data

and share services on a daily basis, in business, education and in every aspect
of our life. Network makes information and services available to everyone on
the network, regardless the physical location of the resources or users, and these
networks are divided into several types such as Personal Area Networks(PAN) it
is organized around an individual person, Local Area Networks(LAN) are used
to connect computers in small areas, such as building, Metropolitan Area Net-
work(MAN) are used to connect computers in a city or town, finally Wide Area
Networks(WAN) connects numbers of computers over a long area such a coun-
try or a continent, all these networks are wired links which provide reliable data
transmission but requiring a high installation cost, which is inconvenient [1].
So the dismissal was wireless communications to cope these blocks. Wireless
networks connect devices and computers using radio waves or any other wire-
less media, there are diverse wireless communication standards which allow full
mobility [2]. With the recent technological advances in communications, espe-
cially in wireless and integrated digital electronics and micro electro mechanical
systems, it became possible to develop multi-functional sensor nodes, which is
small-sized, tiny, low power and cost [1][3].
Wireless sensor network is a group of specialized autonomous sensors and actua-
tors [3] with the capabilities of sensing, wireless communications, and computa-
tions [4]. So wireless sensor network is a network of sensing devices connected
together to the base station by wireless means [1] to monitor and control physical
or environmental status at diverse locations, and to push through data and to con-
trol the commands to a desired actuator through the network[1][6][17].
A wireless sensor network holds numerous nodes ranging from a slight ten to var-
ious hundreds or thousands, each node is connected to one or more nodes, these
nodes are designed to perform functions, such as sensing and the nodes doing it
called a sensor node, relaying data its node called a router, exchanging data with
other networks is the base station or sink node, which is similar to a gateway in
the traditional network [2][6].
We can say that a wireless sensor network is the outcome of the series of sensor
techniques, entrench techniques, distributed information processing, and commu-
nication mechanisms [1][6].
Also, it has attractive functionality of sensor nodes in a WSNs includes effort-
lessness installation, fault indication, energy level diagnosis, high reliability, easy
coordination with other nodes in the network, control protocols and simple net-
work interfaces with other smart devices.
In WSNs, based on the sensing range and environment, the classification of sen-
sor nodes are four groups, namely specialized sensing node, generic sensing node,
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high bandwidth sensing node, and gateway node. We can see the typical scenario
for the WSN in Fig(2.1)

Figure 2.1 WSNs Typical Scenario[17].

2.2 WSNs Applications
Wireless sensor networks have a collaborative nature bring several benefits over
networks which include self-organization, rapid deployment, flexibility, and inher-
ent intelligent processing capability, on the other hand, these remarkable features
of WSNs present new challenges in the hardware design, communication proto-
cols and application design, so WSNs technology has to address these challenges
with its nature for the limited resources [25].
We can address with energy efficient operation to maximize the network lifetime
and for the harsh environmental conditions the WSNs have to support the adap-
tive network operation to enable end users to cope with dynamic wireless-channel
conditions and varying connectivity by using signal processing algorithms and
communication protocols, the unreliable communication in WSNs due to error-
prone, WSNs should be reliable to function properly and depending on the ap-
plication requirements, so the sensed data must reliably deliver to the sink node
which WSNs can handle it with robustness to node failures and that requires a
fault tolerance improved by a high level of redundancy [3].
Wireless sensor networks have found their way to a wide variety of application
and system with vastly varying requirements and characteristics they may con-
sist of many different types of sensors like seismic, low sampling rate, magnetic,
thermal, visual, infrared, acoustic and radar which are able to control and moni-
tor a wide range of conditions, that include temperature, humidity, pressure, soil
makeup, lighting conditions, noise levels, vehicular movement, mechanical stress
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levels [7][5][1].
Sensor nodes can be used for event detection, event ID, location sensing and local
control of actuators the main idea of micro-sensing and wireless connection to
provide new application area such as [8][5]:
1.Environmental Monitoring:
Sensor network can be deployed to monitor the environmental parameters where
this might have an effect on whatever needs to be controlled and this includes
tracking the movement of birds, small animals and insects, earth and environmen-
tal monitoring in the marine, soil and atmospheric contexts.
2.Health Application:
The application for sensor networks provides interfaces for the disabled integrated
patient monitoring, diagnostics, drugs administration in hospitals and for blood
flow, respiratory rate.
3.Military Application:
WSNs can be used for sensing intruders on basis detection of enemy unit move-
ments on land and sea and can work as an integral part of the military command,
control, surveillance, computing communications and reconnaissance and target-
ing systems.
4.Home Application:
Provide a smart environment to adapt to the needs of the end users in terms of
input-output capabilities.
5.Other Commercial Applications:
The commercial applications monitoring material fatigue, building virtual key
monitoring product quality, constructing smart office spaces, robot control and
guidance in the automatic manufacturing environment [3].

2.3 Hardware Components of a WSNs
WSNs utilizing the seven layer model which is an applied and sensible design
that characterizes the system. To know how the WSNs work we need first to
know how a wireless sensor network is constructed, the node consists of essential
components such as [2]:
1. Sensing Units: they are composed of one or more commonly two sensors and
actuators in the physical environment to monitor and have two sub-units sensors
with analog to digital converters(ADC) the signals are converted then fed to the
processing unit.
2. Processing Unit: it is associated with a tiny storage unit to administer the
execution that makes the node collaborates with others to do the assigned sensing
tasks, this unit is consists of a micro-controller or microprocessor.
3. Transceiver Unit: it connects the node to the wireless with a short-range radio
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system.
4. Power Unit: normally it uses batteries, sometimes those batteries are sup-
ported with a power scavenging like solar cells to employ the energy-harvesting
technologies [6] besides that there are some additional components significant to
be in the sensor node because most of the routing techniques and sensing tasks
demand a location finding system to find locations with high accuracy and a mo-
bilizer, sometimes may be needed to move sensor nodes, when it is required to do
the tasks assigned[9]. Which we can see it in details with Fig(2.2)

Figure 2.2 Node Components[7].

2.3.1 WSNs Node Types
The node types of WSNs system are sensor node, relay node, actor node, cluster
head, gateway and base station which are as follows [24].

1. Sensor Node: Capable of executing data processing, data gathering and com-
municating with additional associated nodes in the network.

2. Relay Node: It is a midway node used to communicate with the adjacent node.
It is used to enhance network reliability. It is a special type of field device that
does not have a process sensor or control equipment and does not interface with
the process itself.

3. Actor Node: It is a high-end node used to perform and construct a decision
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depending on the application requirements. Typically these nodes are resource-
rich devices which are outfitted with high-quality processing capabilities, greater
transmission powers and greater battery life.

4. Cluster Head: It is a high bandwidth sensing node used to perform data fusion
and data aggregation functions in WSNs. Based on the system requirements and
applications, there will be more than one cluster head inside the cluster.

5. Gateway: Gateway is an interface between sensor networks and outside net-
works. Compared with the sensor node and cluster head the gateway node is most
powerful in terms of program and data memory, the processor used, transceiver
range and the possibility of expansion through external memory.

6. Base Station: It is an extraordinary type of nodes having high computational
energy and processing capability. All these sub-units need to be in a tiny, small
size like a matchbox-sized module and may be smaller size [2] the required con-
straints on the size to ensure that it will be light enough to remain suspended in
the air.

Table 2.1: WSNs Node Types.

Sensor Node Executing data processing, gathering and communicating
Relay Node It is used to enhance network reliability
Actor Node It is a high-end node used to perform and construct a decision
Cluster Head Performs data fusion and data aggregation functions in WSNs
Gateway An interface between sensor networks and outside networks
Base Station Have high computational energy and processing capability

2.3.2 Node Specification
Specification for the nodes are depending on the application and the node type but
generally as follows [1]:

• Consume extremely low power.

• Operate in high volumetric densities.

• Have a low production cost.

• Operate unattended and they are autonomous..

• Adaptive to the environment.
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2.4 Types of WSNs
WSNs can be deployed in different positions, and we can distinguish those types
as follows to provide some details about them [2]:

1. Terrestrial WSNs:
They are deployed in a given area and must provide reliable communication in a
dense environment. The data have to communicate data back to the base station
in an effective way, it has limited battery power, and it is not rechargeable, we
can back up the battery with a second source, like the solar cells. The terrestrial
WSNs keep energy with the optional routing approach( multi-hop), the transmis-
sion range is short, data redundancy is avoided, delay minimization, use low duty
cycle operations, in-network data aggregation.

2. Underground WSNs:
Underground WSNs nodes are entombed underground or in a cave or mine to
monitor the underground conditions, there are additional sink nodes above ground
to relay information from the sensor to the base station, underground sensor node
are costly because of the convenient select for the equipment part, guarantee re-
liable communication through the soil and rock and other mineral contents, the
challenges in wireless communication is the signal loose and high level of attenu-
ation, underground WSNs must be energy conservative, so they must be planned
carefully with cost and energy considerations.

3. Underwater Acoustic Sensor Networks(UASNs):
This technology provides new opportunities to explore the ocean and detect earth-
quakes and tsunami among many things. The acoustic signals attenuate less than
the optical signals and can travel further distances than radio signals and optical,
these nodes have to be self configure and adapt to the harsh ocean environment.

4. Multimedia WSNs:
Multimedia WSNs are proposed to enable monitoring and tracking of events in the
form of multimedia, those sensors equipped with cameras and microphones, these
sensor nodes interconnect with each other over a wireless connection to process,
retrieval, correlate data and compression. They must be deployed in a preplanned
manner to guarantee coverage, cross-layer interaction among protocol layers can
improve the processing and deliver the data.

5. Mobile WSNs:
Mobile WSNs are held of a group of sensor nodes that can move on their own and
they are reliable, energy efficient, have a feasible cost, react and adapt with the
physical environment, and can adapt to isolated regions[3].
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2.5 Routing Categories
Routing protocols are important for the communication process to transfer data
between the nodes themselves and the nodes and the base station.
The protocols have categories as follow:

Figure 2.3 Route Determination.

Figure 2.4 Network Structure.

2.5.1 Why LEACH and VRS
The reason behind choosing LEACH is the CH rotation which makes it dynamic
by nature and that enable us to control the conditions of cluster formation to save
the network energy more than any other hierarchical protocol.
VRS has the benefit of distributed data aggregation by using the location advan-
tage so the path from the source to the destination is near optimal.
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2.6 WSNs Structure
We can represent the network communication design by its structure, it is the
specialized domain of the physical ingredients of the network. The configuration
and functional organization, in addition to the operational basics and procedures
plus the use of the data formats [29][30]. The internet network architecture is
predominantly expressed by its use of the internet protocol suites in addition to a
specific model for interconnecting networks or nodes in the network or the use of
specific type of hardware links, although we can consider the network structure as
a depicted physically and logically [32].
The position of the devices and the components construct the physical topology
of the network. We can specify it by means of the access devices capabilities of
the network, the control level, and fault tolerance is required with the association
of the cost for the cabling and telecommunication circuits. Moreover, the logical
topology clarifies how the flow of data within the network. And how the signals
perform on the network media, the way that data take from one device to the
next through the network with no consideration to the interconnection of physical
devices [35][36].
WSNs structure involves various topologies for radio communication networks,
and they are as follows:

1. Star Network:
It is called a single point to multi-point. The topology structure of the star network
communicates with a single base station that sends and receives the messages [31],
it is a simple network that has the ability to remote nodes power consumption to
the minimal rate which allows communication with low latency between the sink
node and the base station [33][34]. The dependency on the single node to manage
the network is one of the disadvantages of this topology also it has to be within the
range of radio transition for all the nodes and it is not robust enough [39]. Which
appears in Fig(2.5).
2. Mesh Network:
A mesh network allows transmitting data from one node to another node in the
network that is within its radio transmission range. Which allows a multi-hop
communication that is if a node wants to send a message to another node which
is out of radio communications range it can use an intermediate node to forward
the message to the desired node [31]. A mesh network allows the redundancy and
scalability.
In this topology, a node failure does not affect the whole network, a remote node
can communicate with any other node in its range which can forward the message
to the desired location and we can extend the network range by adding more nodes
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Figure 2.5 Star Topology[34].

[33].
The drawbacks of this topology that the nodes with the multi-hop communication
are high power consumption compared to other nodes also the time to deliver the
message to the destination increases according to the number of communication
hops [34]. Which we can see it in Fig(2.6).
3. Tree Network:
A tree network joins multiple star topology into a bus topology in a hybrid ap-
proach to upgrade the network scalability [33]. The network is set up as a hier-
archy with at least three levels. Only hub devices connect directly to the tree-bus
and every hub function as the root of a tree of devices [34]. Which is shown in
Fig(2.7).
4. Grid Topology:
The grid topology is modeled as a 2D network with n*n fixed nodes. Also, we
can accept 3D hexahedral, tetrahedral pyramid and wedge cells to be used, the
grid points are used to maintain contact between adjacent cells [34].
In grid network communications can only occur between nodes that are linked.
Neighbors with a separation distance of d. The main idea is to divide the grids.
Network area is partitioned into the non-overlapping square grid with the same
size, so it has to be at least one node only in working state in each grid at any time
[37].
The nodes in a grid should work in turn to prolong the network lifetime. In every
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Figure 2.6 Mesh Topology[34].

Figure 2.7 Tree Topology[34].
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single grid, there is one node selected to be the grid head, which is responsible
for forwarding routing information and transmitting data packets routing is per-
formed in a grid by grid manner. The grid topology configuration plays an impor-
tant role for damping transient frequency-power oscillations during fault events
[41]. Which appears in Fig(2.8).

Figure 2.8 Grid Topology[37].

2.6.1 Why Grid Topology
The chosen topology is grid topology in order to take advantages of the location
in the network model.
The grid is divided into equal squares so that there are common areas between
each 2CHs so that the information in an area is accessed by using more than one
CH in case of some node death. In addition, the selection of squares reduces the
noise during data correspondence between nodes.

2.7 Characteristics of WSNs
specification for the nodes enable the WSNs to have unique characteristics to help
it do its work in an appropriate way and those characteristics are[25]:

• Limited power, they can harvest or store.

• Ability to cope with node failures.

• Ability to sustain the harsh environmental conditions.

• Mobility of nodes.
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• Dynamic network topology.

• Communication failure.

• Heterogeneity of nodes.

• The large scale of deployment.

• Unattended operation.

• Scalable Node capacity only limited by the bandwidth of gateway node.

2.8 WSNs Advantages
WSNs have many advantages as follows [25].

• WSNs arranging can be executed without fixed infrastructure.

• It reaches several places that are hard to reach like mountains, oceans,
forests.

• Flexibility if there is a need for a new workstation.

• It is not expensive to execute.

• It does not need wires.

• There is a place for new devices.

• It can operate with central monitoring.

2.9 WSNs Challenges
Some of the challenges for these systems are[13][26]:

• Reliability.

• Power Consumption.

• Node Size.

• Mobility.

• Privacy and Security.
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2.10 Summary
In this chapter we are discussing the WSNs what are those, and how they are

working, discussing the applications they used in, types, routing protocols, advan-
tages and challenges in WSNs.
This is the overview of the WSNs to move on to the next chapter to present the
literature review.



Chapter 3
Literature Review of Routing
Protocols

In this chapter, we are presenting the details of the routing protocols for the
WSN according to their categories, and then we are discussing the detailed studies
of LEACH and DD and VRS.

3.1 Existing Routing Protocols for WSN
Routing techniques are important for sending data between the node and the

base station (sink node), for the communication, so there are different protocols
proposed to classify routing protocols for the wireless sensor network there are
different parameters we can classify the protocols according to them such as [3]:
1. Route Determination:
Proactive Protocol the nodes sense the environment and transmit the data to a
base station, through predefined route, so the routes are determined as a prior then
they are needed and updated the routes, when the changes in the network topology
occur and it is not appropriate for ad-hoc networks, where the topology changes
permanently like low energy adaptive clustering hierarchy protocol(LEACH).
Reactive Protocol this protocol is used in time critical application due to the sud-
den changes in the sensed attribute beyond some predetermined threshold value,
the node react immediately and this tells us that its only invoke a route discovery
procedure on demand and its suitable for dynamic networks like Threshold sensi-
tive Energy Efficient sensor Network(TEEN) [3].
Hybrid Protocols they incorporate the concepts of proactive and reactive protocol,
at the first compute all routes, and they improve the routes at the time of routing,
like adaptive periodic TEEN(APTEEN) [2].

22
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2. Network Structure: and it has three sub-categories:

a. Flat Network: all the sensor nodes have the same level of functionality and
responsibilities [10], each node plays the same role and sensor nodes collaborate
together to perform the sensing task [13]. The information is distributed in the flat
routing as needed to any reachable sensor node within the sensor cloud, and there
is no effort is made to organize the networks, and traffic only discovering the best
route hop by hop [1]. Which is seen in Fig(3.1)

Figure 3.1 Flat Network[13].

In this protocol data, elimination and negotiation can be used to save energy in the
network, and the route discovery process can be initiated by flooding or broadcast-
ing data to all neighbor nodes without paying attention to the topology updates and
it has three sub-categories:
Flooding protocol it is the most basic flat routing protocol, it can be easily im-
plemented over WSN, without considering the topology or the structure of the
networks, there is no need for any complex algorithm programming, it simply
broadcasts data to all the neighbor nodes [4]. The data can be delivered to the des-
tination node by repeating the same process of broadcasting, it has some critical
problems, the first one is the generation of a duplicate message in large numbers
by many nodes and the second one occurs when a certain node receives the same
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data twice which is called implosion [1]. Which appears in Fig(3.2)
Sensor protocol for information via negotiation (SPIN) it is a modification of clas-
sic flooding. In classic flooding, the information is forwarded on every outgoing
link of the node the drawbacks of flooding includes draining out the battery life of
the sensor network to a great extent [19].

Figure 3.2 Flooding Protocol[4].

SPIN was developed to overcome the drawbacks. It is an adaptive routing protocol
which transmits the information first by negotiating. It makes use of metadata of
the actual data to be sent. Metadata is broadcast and will contain the description
of the message that the node wants to send and the actual data will be transmitted
only if the node wishes to receive it. It first asks for any node[12], which has
interest in the data and send that data only to those nodes who are interested in the
data, it deals with three types of packets data advertisement (ADV), a data request
(REQ), and data (DATA) packets [6]. In this protocol, the energy may be drained
quickly and its scalability is very small, the negotiation system reduces the pro-
duced redundant data to half. Directed Diffusion Protocol(DD) it is a data-centric
routing protocol, initializing the process of collecting data is done by a base sta-
tion or sink node in three steps [1][18].
Step 1:the sink node broadcasts an interest packet with a gradient value with at-
tributes value and direction to all the neighbor node and the neighbor nodes will
broadcast to the neighbors and so on until the interest message reaches the source
node that has the same data required.
Step2:the source node will use the gradient on the interest message, to send the
data packet to the sink node using multi-paths.
Step3: the best paths are reinforced by the sink node, the best path selection de-
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pends on the application, some of them require the shortest path and some the
lowest energy consuming path[6]. The communication in directed diffusion is
neighbor to neighbor, so all the nodes have the ability to carry out data aggrega-
tion and caching, so it is not suitable for applications that need continuous data
delivery [1]. DD consists of several elements:
1. Interests (a query or an interrogation which specifies what a user wants (named
data)).
2. Data Messages (can be an event ).
3. Gradients (it is created in each node that receives interest, and we can deal with
it as a direction state)
4. Reinforcements (it is one or a small number of the network paths) Diffusion
is data-centric and all communication is neighbor to neighbor, so every node is
an end. Moreover, there are no routes in a sensor network. So each sensor node
can interpret data and interest messages. Gossiping this protocol is proposed to
address the problems of the flooding scheme instead of broadcasting, it sends the
packet to a single neighbor chosen randomly from a random table, which avoids
the implosion problem, but the overlap problem is not resolved, these protocols
squander energy at a slow rate due to the slow information distribution [8][18].
Which is seen in Fig(3.3)

Figure 3.3 Directed Diffusion Protocol(DD)[18].

b. Location Based: these protocols take advantage of the location of the wire-
less sensor nodes, in data routing the node address is determined according to the
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physical location which is determined through Global positioning system(GPS) or
other positioning techniques, the distance between the neighbors node can be cal-
culated according to the signal strength and it has three sub-categories [14][16].
Geographic Adaptive Fidelity(GAF): originally this protocol was proposed for

Figure 3.4 Location Based Network[16].

wireless ad hoc network but it is suitable for WSN, it is concerned with energy
awareness in which it saves energy without affecting the routing dependability,
the protocol main idea is to divide the sensors field into fixed virtual grid zones,
it works in three stages the first one is discovering stage, in which each node can
discover its neighbors [22].
The active stage is the second phase, in which the nodes participate in routing data
and the sleep stage which holds the process of turning off the node’s transmitter
and setting the node to sleep mode is the last stage, which saves more power [1].
The protocol reliability on the GPS technique makes it not always available espe-
cially for indoor application, and it costs extra overhead on the memory unit. It’s
the goal to optimize the performance by identifying equivalent nodes by consid-
ering the forwarded packets.
Geographical and Energy-Aware Routing Protocol(GEAR) it is popular in data-
centric WSN applications, it endeavors to hand over the data to all the nodes inside
a target area, the main concept of (GEAR) is reducing the number of interests in
direct diffusion by sending the interest packets to assured area or direction in the
network, this protocol keeps two values [5][14][16]:
The first one is an estimated cost, which is the combination of distance to the tar-
get region and the remaining energy and the second one is the learned cost, which
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is the change in the estimated cost caused by routing around network holes, these
holes are created when the nodes do not have any other nearby nodes, the network
is hole free when the estimated cost is equal to the learned cost [8].
The GEAR protocol has two phases the first one is to forward packets, which the
target region, and the second one is disseminating the packets within the target
region [6]. We can see it in Fig(3.4)

c. Hierarchical Based : it is used to perform energy efficient routing, originally
it was proposed to route data in wired networks [8], but with enhancement related
to network scalability and the efficiency of communication [8], it became suitable
for routing data in wireless networks [5], it attempts to conserve energy by arrang-
ing the nodes into clusters to more than one level [4] the first one is responsible for
selecting the cluster-heads and the second is related to routing decision [1][10].
Which appears in fig(3.5)
The high-level nodes is assigned to handle processing and transmitting data while
the low-level nodes are assigned to sense events only [7][15][11].
low Energy Adaptive Clustering Hierarchy (LEACH): LEACH is a protocol which
confers the guarantee about the distribution of energy in the sensor node. In this
protocol, the cluster head gets the data from its member nodes of the cluster and
aggregate the data before sending to the base station.
Cluster head nodes die earlier than other nodes because they are consuming more
energy than a non-cluster head node. The whole network is divided to clusters and
each one has a cluster head assigned to it, the data are delivered into the data sink
or base station [1], the responsibility of data collection, processing and sending
the data to the base station lies on the cluster head [11].
Cluster heads are randomly selected so it cannot guarantee the even distribution
and does not consider the transmission distance and uses the single hop model
to communicate with the base station [1], the random selection for the cluster
head aims to spread the energy dissipation to all nodes due to the rotation select
of cluster heads, LEACH uses a TDMA-code division multiple access(CDMA),
inter-cluster and intra-cluster collisions are reduced by using MAC [1][23]. Which
is seen in Fig(3.6)
Power-Efficient Gathering in Sensor Information System(PEGASIS) The main
idea of PEGASIS that it assumes all nodes can communicate with base station
by using multi-hop to reach the base station [9] through communicating with their
close neighbors, in this scheme the location for all nodes is random and each node
has to maintain a database for all locations, so each node has the ability to de-
tect communicate fuse, and position data that assumes that the nodes have global
knowledge of the network [10][21].
This determines to use greedy algorithm [1] to construct a chain, from the furthest
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node from the sink, to enhance the robustness of the network nodes at random
locations must die to reconstruct the chain since it depends on distance in this
protocol [11]. The energy load evenly will be distributed among the sensor nodes
in the network.
We initially place the nodes randomly in the, therefore, the i-th node is at a ran-
dom location.
The nodes will be organized to form a chain which can be accomplished by the
sensor nodes themselves using a greedy algorithm or the BS can compute this
chain.
Switched Port Analyzer protocol(SPAN) the protocol goal is to make nodes more
energy efficient [1], so the main idea of this protocol is to switch the radio off when
the node is neither receiving or transmitting data, the sensors in SPAN works as
coordinator [6].
SPAN is an efficient, high-performance traffic monitoring system. It duplicates
network traffic to one or more monitor interfaces as it transverse the switch. It
is used for troubleshooting connectivity issues and calculating network utilization
and performance. It examines other ports or segments without taking the network
out of service [20]. Which is seen in table(3.1)(3.2)(3.3).

Table 3.1: Flat Protocols Characteristics.

Protocol SPIN DD
classification flat flat
mobility supported limited
Power management limited limited
Network life time Good Good
scalability limited limited
Resource awareness Yes Yes
Query based Yes Yes
Data delivery model Event driven Demand driven

3.2 Improvements of LEACH Protocol
Many routing protocols have been proposed for WSNs, to explain and to do

enhancements on them to conform to the surrounding environment and here is a
list of the enhancements on LEACH protocol:
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Table 3.2: Location Protocols Characteristics.

Protocol GEAR GAF
classification location location
mobility limited limited
Power management limited limited
Network life time Good Good
scalability limited limited
Resource awareness Yes Yes
Query based No No
Data delivery model Demand driven Virtual grid

Table 3.3: Average Cluster Protocols Characteristics.

Protocol LEACH PEGASIS SPAN
classification clustering clustering clustering
mobility Fixed base station Fixed base station Fixed base station
Power management maximum maximum limited
Network life time Very good Very good good
scalability Good Good limited
Resource awareness Yes Yes Yes
Query based No No No
Data delivery model Cluster head Chain based continuously

1. Malik et al. in [1] Researchers examined the energy efficiency and perfor-
mance of LEACH protocol using own set of parameters. the lifetime and data
delivery characteristics are being compared with the help of analytic comparison
and from the simulation results. From this work, they find that LEACH provides
better results for the number of cluster heads as 3 and 4. This paper has covered
the performance of LEACH protocol only.
2. Yadav et al. [2] The researchers proposed a new amended cluster algorithm
of LEACH protocol which is supposed to balance the energy consumption of the
whole network and extend the lifetime of the network the proposed clustered rout-
ing technique offers when compared to the non-clustered routing and they found
that the improved algorithm is more energy efficient than the original.
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Figure 3.5 Hierarchical Network[5].

Figure 3.6 Low Energy Adaptive Clustering Hierarchy (LEACH)[11].

3. FU et al. [3] The paper submit a new amended algorithm of LEACH protocol
(LEACH-TLCH) that is suggested to balance the energy consumption of the net-
work entirely and to extend the network lifetime by using the concept of balancing
the energy consumption of the cluster heads. That was elected in a random way
for the LEACH which causes the energy stream of some cluster heads to be less
or the distances from the base station are far, because of the heavy energy burden,
these cluster heads will soon die.
4.Ebadi. [4] This paper submits a multi-hop clustering algorithm (MHC) to save
the energy of the wireless sensor networks. The cluster heads in MHC are be-
ing selected according to two parameters the remaining energy and node degree.
Also, cluster heads select their members according to the two parameters of the
sensor the remaining energy and the distance to its cluster head.
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5. MarhoonP et al. [5] Propose a new algorithm that enhances the LEACH algo-
rithm to upgrade the network coverage. This algorithm is called Extended Area
Coverage Enhancement (EACE) and the researchers find that the number of nodes
that worked at each round in the new algorithm is increased compared to that in
LEACH, this provide more covered areas and gather more information in parts of
the network that could not send their data in LEACH since there is no near node
that acts as cluster head and provides a gateway to communicate with the sink.
6. In Sharma et al. [6] a protocol is suggested, that is heterogeneous in energy. the
researchers first analyze the basic distributed clustering routing protocol LEACH
(Low Energy Adaptive Clustering Hierarchy), which is a homogeneous system,
then the impact of heterogeneity in the energy of nodes was being studied to ex-
tend the lifetime of WSN. Shows that the proposed Leach-heterogeneous system
significantly reduces energy consumption and increase the total lifetime of the
wireless sensor network.
7. Salim et al. [7] They propose a clustering routing protocol named intra-
balanced LEACH (IBLEACH), which extends the LEACH protocol by balancing
the energy consumption in the network. Which shows that IBLEACH outperforms
LEACH and the existing improvements of LEACH in terms of network lifetime
and energy consumption minimization.
8. Zhao et al. [8] The researchers established a vice cluster head through the com-
munication process for each cluster, that targets to minimize the energy consumed
on the re-clustering process and to extend the time of being in a steady-state phase.
the enhanced protocol performs better than the LEACH and the LEACH-C.
9. Xiangning et al. [9] LEACH protocol was improved by means of energy-
LEACH and multihop-LEACH protocols. Energy-LEACH protocol enhances the
method of choosing the cluster head, the nodes with more residual energy will
be selected as cluster heads in turn. Multihop-LEACH protocol enhances the
communication mode between cluster head and sink. So we can say that energy-
LEACH and multihop-LEACH protocols perform better than LEACH protocols.
10. Yassein et al. [10] The researchers behold LEAH protocol that is the most
serious protocol in a wireless sensor network that uses cluster based broadcasting
technique. They proposed a new version of LEACH protocol called V-LEACH
protocol. The number of messages formed by the V-LEACH is less than the
messages created by the original LEACH, and the new version messages are
less.Which means the remaining energy on the network using V-LEACH is more
than the remaining energy on the network using the original LEACH.
11. Intanagonwiwat et al. [11] The researchers characterized the directed-diffusion
model for the design of divided sensing algorithms. And we can see that directed
diffusion has the potential for significant energy efficiency. Even with compar-
atively non-optimized path picking, it executes superior if it is idealized as a
traditional data dissemination approach such as omniscient and multicast. The
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diffusion techniques are constant with the considered range of network dynamics.
To make full potential you have to take patronage of the sensor radio MAC layers
design.
12. Mirnabibaboli et al. [12] The goal of the study are limiting the flood problem
to increase the network lifetime. interests are classified based on their content, and
the network is divided geographically. A counter is assigned to each Geographi-
cal location that will determine the use of Flooding for a potential existence of a
source and to use Rumor for elsewhere. Using the above-mentioned recommenda-
tions, energy consumption would decrease due to the reduction in Flooding; and
consequently, network lifetime would increase.

Table 3.4: Improvements of LEACH Protocol.

Yadav Balance the energy consumption of the whole network
FU(LEACH-TLCH) Balance the energy consumption of the CH
Ebadi Multi-hop clustering algorithm (MHC) to save the energy of the WSNs
MarhoonP Enhances the LEACH algorithm to upgrade the network coverage
Sharma It is heterogeneous to extend the lifetime of WSN
Zhao A vice cluster head through the communication process for each cluster
Yassein It uses cluster based broadcasting technique
Intanagonwiwat It executes superior if it is idealized as omniscient, multicast

3.3 Detailed Study of LEACH, DD, VRS
Routing protocols are formed from the smallest unit of processing that is used
from the exchanged information from routing, then the exchanged information is
used by a routing algorithm to determine the optimal path to the destination and
the creation of a routing table [58]. Many algorithms exist and use different infor-
mation to calculate the path from a source to a destination.
Intra-traditional network routing the data is considered to be a two-phase process
[43]. The first one is the route discovering phase, it is established between all
source-destination pairs, this phase can be proactive routing or on-demand rout-
ing (reactive routing) and the second one is the packet forwarding phase which
forward the packets along the chosen path toward their destination [59].
And because of the topology changing frequently due to node movement and vari-
ations in channel strength, it causes a loss via distance attenuation shading by ob-
stacles or interference from other node all of this will make finding a route will
cost a high overhead and it must be paid often which will cost the network per-
formance to decrease and affect the system, that makes the traditional two-phase
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routing impractical and delivering the packets to their destination is hard [44][45].
So the solution is to use the alternative approach which is the one phase routing.
The purpose of this alternative is to eliminate the explicit discovery of the routes
so the algorithm can find a path in the changing network and the algorithm for that
is volcano routing scheme (VRS) [42][59].

3.4 Energy-Efficient Routing Protocols
According to the networks, architecture routing protocols are generally classified
as plane routing and level routing. Plane routing protocols such as DD, SAR,
SPIN, Romer Routing, and the typical level routing protocols are LEACH, PA-
GASIS, and TEEN. And in this thesis, we will focus on the LEACH and DD.
we will discuss the two protocols with details to merge them in one network dy-
namically [61].

3.4.1 LEACH Protocol
Among the numerous routing protocols in particular level routing. LEACH is one
of the major improvement of conventional clustering approaches in WSN, many
clustering algorithms are based on LEACHs ideology and architecture [53].
LEACH clustering strategy depends mainly on the randomly selected cluster heads(CHs).
That will be done by forming clusters out of the sensor nodes and it depends on
the strength of the received signal, and another goal is to use the local cluster head
as their own routers to the sink node [50][62].
LEACH provides a conception of round and uses it as a unit, it runs with many
rounds, each round contains two states:
1. Cluster Set Up State: This stage helps the nodes to decide whether to become
a cluster head or not for the existing round [51][46]. The node will be in charge of
being a cluster head or not by selecting a number between 0-1, which is connected
with a threshold T(n) if it is less than the determined threshold it will become a
cluster head thats what makes this stage significant is the cluster head selection
[48].
The threshold is set as : p is the desired percentage of cluster heads, r is the current
round and G is the set of nodes.
2.Cluster Steady State: In this phase we can store energy for the purpose of re-
ducing unnecessary energy costs [52] and for that the time of the second state is
usually longer than the time of the first state for saving the protocol payload [48].
Cluster head selection algorithm adopted by LEACH protocol avoids fast energy
loss of cluster heads and its data aggregation effectively reduces the amount of
communication, moreover, it is the first protocol that proposed the data fusion, it
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Figure 3.7 LEACH Equation.

is the milestone significance in clustering routing protocol [49].
The main job of cluster head that it collects data from their surrounding nodes and
pass it on to the base station, because of the cluster heads rotates we can consider
LEACH as a dynamic protocol [46][48]. Which is seen in Fig(3.8)(3.9)(3.10)(3.11).

Figure 3.8 Time line Showing Operation of LEACH[48].

The fact that cluster heads can compress data arriving from member nodes and
send an aggregated packet to the base station in order to reduce the amount of
information that must be transmitted to the base station which reduces the inter
and intra-cluster interface.
Hence, reduction in energy waste over a factor of 7x and 8x is achieved by LEACH
compared with the direct communication and the transmission energy is reduced
over a factor of 4x and 8x compared with the minimum energy transmitted [46].
The significant characteristics for the LEACH protocol can be concluded as [46]:
1. Balanced energy consumption can be achieved by rotating the cluster head ran-
domized.
2. The start of a new cycle is known because we assume that we have synchro-
nized sensors, so the location and distance information is not required for LEACH
sensors.
By using the idea of dynamic clustering leads to extra overhead due to cluster
head changes, advertisements, also the protocol assumes that all nodes are hav-
ing the same amount of energy and that the cluster head consumes approximately
the same amount of energy for each node. all these facts tell us that the LEACH
protocol is not suitable for large networks and it is the most suitor for constant
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Figure 3.9 Flow Chart for Cluster Head Formation[46].

monitoring and diagnosis.
In this way, we can see that the LEACH protocol have three main techniques
which are [47].
1. Adaptive Cluster Forming which ensures to share the energy dissipation fairly
among all nodes and prolong the lifetime of the system.
2. Cluster Header Position Changing it does the same things as adaptive cluster
forming.
3. Algorithms for Distributing Cluster Forming.

3.4.2 Directed Diffusion
There are several elements for the directed diffusion: interest, data messages, gra-
dients, and reinforcements. An interesting message is considered as a query or an
interrogation that assigns what a user needs. Every interest holds a characteriza-
tion of a sensing task, and it is confirmed by a sensor network for earning data
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Figure 3.10 LEACH Process[49].

[55].
Usually, sensor network collects the data or process the information of a phe-
nomenon that matches a requested interest from a user. We can call the requested
data an event which expresses a short characterization of the sensed phenomenon
[59]. Directed Diffusion uses reinforcement mechanisms to choose a high-quality
rout among the several access routes to transmit the data. But one of the main
problems of this protocol is the implementation of flooding diffusion used to for-
ward interest and discover the routing map that reduces network lifetime through
high energy consumption.
However we can solve this problem by data-centric protocols which are query
based and dependent on proper data naming [57]. In directed diffusion data is
named using attribute-value pairs. Which appears in Fig(3.12)
The distribution of a sensing task throughout the WSN is considered as an interest
in the named data [54], the distribution helps to set up gradients during the styling
of the network to draw events. Particularly the gradient shows the creation of the
direction state in each node which receives an interest. The neighboring node that
receives the interest represents the gradient direction. Event start flowing toward
the originators of interests along multiple gradient paths. The sensor network re-



3.4 Energy-Efficient Routing Protocols 37

Figure 3.11 Flow Chart for LEACH Operation[67].

inforces one or some of these paths [54].
1. Naming In directed diffusion, tasks are described or named using attribute-
value pairs. The characterization of interest in the data (matching the attributes)
[56] the diffusion performance and the task expressivity can be affected by the
naming approach and its arrangement.
A hierarchical arrangement of attribute-value pairs could narrow down the search
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Figure 3.12 Simplified Schematic for Directed Diffusion[57].

space during name resolution and simplify name specifiers for better understand-
ing [54].
2. Interests and Gradients The named task description is usually injected into
the network at some node (the sink). The sink node creates a task state which will
be erased after the time indicated by the duration attribute [54].
For every active task, the sink broadcasts an interest to all its neighbors. The initial
interest also contains the attributes which intended to determine if there are any
sensor nodes that detect the phenomenon. The initial exploratory interest specifies
a low data rate [56].
, In general, there are several choices for neighbors to resend the interest the sim-
plest one is to rebroadcast the interest to all neighbors which are equivalent to
flooding the interest. But there is a reasonable alternative in the absence of infor-
mation about the sensor nodes that can satisfy the interest [56] after the interest
was flooded all node establish gradients and each pair of neighboring nodes estab-
lishes a gradient toward each other as a result of a local interactions and it contains
a value and a direction in which to send events.
3. Data Aggregation After a node in the specified region receives an interest the
node tasks its local sensor to collect samples, to save power. All sensors are off
until the node is tasked [54] a source generates data once certain conditions are
satisfied. Data can be classified into two types exploratory and non-exploratory.
An event is marked as exploratory if the source has no data gradient or the source
has generated no exploratory events within a window of time. Exploratory events
are sent along all outgoing gradients whereas non-exploratory events are sent
along only data gradients the node that receives an event from its neighbors searches
it interests cache for a matching interest entry if no match exists the event is
dropped.
If a match exists the node searches the data cache for a matching data entry to de-
tect and to prevent a data loop. If a received event matches a data entry, the event
is dropped otherwise, the received event is added to the data cache and resents to
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the node’s neighbors [56].
4. Reinforcement for Path Establishment and Pruning The sink initially and
repeatedly diffuses an interest, when sensors detect a matching target they send
exploratory events toward the sink after receiving the exploratory events. The sink
reinforces at least one particular neighbor to draw down real data[56].

3.4.3 Volcano Routing Scheme (VRS)
It is a fast and simple method in the highly dynamic network which does not re-
quire geographic information VRS locally balancing the load between adjacent
pairs of nodes. It has no explicit route discovery phase and can tolerate rapid
changes in the network topology. And this can guarantee the system stability
[42].
The VRS does not need to follow a standard routing algorithm, its internal opera-
tion is hidden from the rest of the world which makes it pick and chose how to run
on its subnets [60]. Regardless of the topology variants. In VRS each node must
have a complete view of its adjacent neighbors at any time t any node a knows any
node b such that (a,b) E(t).
The time is divided into discrete time slots, all nodes start at the same time and
work synchronously, in any time slot each link can transfer one packet and each
packet belongs to one of the k flows in the network. The i-th flow(1ik) is identified
by a tuple(Si, Di, Fi) where S the source node and D is the destination node of the
flow and F is the maximum number of packets which flow i to be generated in any
time slot [42]. The main idea of VRS is the potential-based routing which is used
to defined k scalar fields on the network, one for each destination node.
VRS uses the potential function in a different way and its based on the number of
packets buffered at each node of the network and not on the connectivity of the
network.VRS works in this scenario at a given node ”a”, and for a given flow I the
potential function pia equals the number of packets of flow I that reside at node a
VRS forwards packets from nodes that have more buffered packets to nodes which
have fewer buffered packets [42].
The advantages of using VRS that the overhead of running VRS is low compared
to other routing algorithms, it is completely distributed, the amount of control
traffic exchange between nodes is low, VRS guarantee to deliver packets to their
destination no matter how often the topology of the network changes and no mat-
ter what the movement model of the nodes is, if the topology of the network is
fixed the length of the path taken by each packet is close to the shortest path from
the source to the destination [42].
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3.4.4 VRS Demonstration
At the start of every slot packets are generated at the source. Throughout the slot
every link transfers one from source to destination. At the end of the slot packets
that attain destination are removed.
VRS Utilization and Features

• Local leveling of load .

• No specific route discovery.

• Reordering layers dose not disrupt the flow.

• Completely distributed.

• Low complexity.

• Minimal quantity of management traffic.

• Suitable for extremely dynamic atmosphere.

• Stable system.

• Near best path.

• Fixed topology.

3.5 LEACH and VRS Features
VRS is a very dynamic algorithm to use with the DD because it has a hidden

operation from the rest of the world. In this way, it is picking and choosing how to
run the network. The other beneficial side of VRS is that takes the nodes locations
in consideration, hence if one node is not active or dead, the data is sent to the
location requested the data, then the neighbor node is accepting the data. Hence I
am avoiding the packet loss in this way.
For the LEACH advantages are the hierarchical structure and the ability to control
the clustering strategy in the most energy efficient, and its flexibility with handling
the data, it has a better lifetime system and utilization. Also, the low latency is
provided by the algorithm to extend the network coverage.
DD is the best protocol to collect the data in a centric way to be energy efficient
using the attribute value pairs to name the data. For all of that, I have chosen the
VRS, LEACH, and DD for their benefits over the other restricted protocols used
in WSN.
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3.6 Summary
This chapter has discussed the details of LEACH, DD, and VRS. The features

and advantages of each one and how to avoid the disadvantages to have the best
optimal way to discover the route, and to deliver the packets to their destination.
Which is the reason why I have chosen these protocols instead of the other routing
protocols used in the WSN? From what I am going to the next chapter to present
the basic model of the new network.



Chapter 4
Proposed Protocol

This technology is increasingly dominating every aspect of our lives the tech-
nology and communication part are used to ease our lives; Hence, we are going to
solve the problem of the WSNs energy. Which is demonstrating and will have a
very powerful future in the next few years.

4.1 Methodology

We have done a survey to start, that describes the LEACH and VRS which we
are using for the new proposed protocol. We described every detail that helps
to reproduce a new routing protocol that involves two different kinds of protocol
with two different structures. We are using two protocols for the dynamic routing
with two algorithms VRS protocol and optimization algorithm for the LEACH
protocol and that is making the network topology energy efficient without a high
cost for the whole network, doing that will prolong the network lifetime.
The simulation is used to measure the performance of the WSNs after proposing
the dynamic protocol. Which gives the network the option to choose the protocol
to operate according to the residual energy of the network and the nodes.

The network is preserving the energy by operating the VRS protocol on the
lookup tables, so the nodes are on sleep mode until they are needed to operate a
new task of harvesting information.
The lookup table saves the location of the nodes with (X, Y) pairs and a number
as a name for the node to distinguish it from other nodes. Also, it saves the initial

42
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energy(REC) for the network which we start with and the energy after every ex-
ecution. Additionally, the efficient data aggregation (AGG) which makes use of
the distance and position of nodes to send data in the most efficient way.
Those two parameters show the efficient utilization of energy for our newly pro-
posed protocol which prolongs the WSNs lifetime since the power source is the
most precious one for the WSNs.
Our dynamic protocol alternate using the LEACH protocol and VRS protocol dy-
namically. The BS has the choice of what to operate at a specific moment.

4.1.1 WSN Creation
The sensor nodes are located in a two-dimensional area of X*X meter, N of sensor
nodes are distributed in a random way with no mobility.
Each node knows its location and the distance to the BS and sink node and the
neighbors’ location. Which is seen in Fig (4.1).

Figure 4.1 Initial Nodes Position

The network is divided into grids and every node belongs to a known location.
The nodes took their position in the grids and memorized their location and the
neighbors’ location inside the grid they belong to and their assigned sink node that
will communicate and send the data to the BS. Which is seen in Fig (4.2).
The elected sink nodes gather the collected data from the normal nodes in order
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Figure 4.2 Network Divided into Grids

to pass it through the data mining algorithm to build the data pattern to be saved.
Which is seen in Fig (4.3).

4.1.2 WSN Route
The nodes choose the shortest path to send the data to the sink node, so it can
send the collected data to the BS. Which is seen in Fig (4.4). The sink nodes
communicate and send their locations with each other, so they know which one is
the closest to the BS.
The closer one is elected to communicate with the BS on behalf of the whole
network. Which is seen in Fig (4.5).
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Figure 4.3 Elected Sink Nodes

Figure 4.4 Data Path to Sink From Nodes
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Figure 4.5 Sink Nodes Communication

The central server request specific data from the BS then it searches for the
data on the lookup tables using VRS algorithm to look for the patterns constructed
using the data mining algorithm with the decimal normalization.
If the data is founded in the lookup tables the data is sent to the BS to the final
destination (central server) without searching the whole network, if not the BS
is sending the request to the sink node to operate LEACH protocol to sense and
collect new data needed for the central server.
The BS determines which sink node to send the data to using the location that the
BS knows the data is in it.
In the network we have 4 sink nodes which send the data sensed from the normal
nodes; Hence, the sensed data is remarked with their location.
So every node takes readings which are put in the lookup tables and the readings
are arranged using data mining algorithm with decimal normalization to produce
patterns of the data coming from the sink node to be sent and saved to the BS.
After being divided into ranges so we can search the area(X, Y) which has the
readings using the specific range and location.
location and energy are the main content in the lookup tables. The network grid
structure has no influence on the constructed patterns from the data mining algo-
rithm.
The tables are divided into groups according to the data source location.
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LEACH protocol is used when we need to know the whole state of the network,
and we need to collect data from all the node in a specific area belonging to one
grid or many grids.
Starting with the clustering our protocol using the clustering characteristics and
the distance between nodes by solving the optimization problem for the network.
Hence, our protocol initializing a small world of sensors which are arranged ran-
domly and the adjacency matrix is constructed by using the distance formula [65].

D =

√
[(X2−X1)2 + (Y 2− Y 1)2] (4.1)

The distance formula is used to determine the optimal number of nodes that will
be chosen as sink nodes by using the clustering analysis to share the resemblance
of the centric communication function. Hence, to implement it, the hierarchical
clustering analysis is used to build a series of sensor nodes from the lowest level
to the highest with the consideration of the nodes communication distance. The
cluster analysis needs the appropriate number of sink nodes to be identified and
it is scaled through the lifetime of the network. Sink node cost and the premier
energy for the network. To achieve that we need a median node called key nodes
linked directly to the sink and those key nodes deliver the data from the sensor to
sink and this data has to pass from(N-K)/K sensors.
Where (N) is the total number of the network nodes, while (K) demonstrating the
number of key nodes that link with the BS.
To put a limit for the increasing number of sink nodes we define the network cost
as C=N.Cn+n.Cs and the appropriate number of sinks will be computed by[65].

n = N

√
[
Cn ∗ (Et+ Er)

Cs ∗K(E0− Er)
] (4.2)

Where (Cn) is the sensor node cost, while (Cs) is the BS cost, (Et) is the trans-
mitted energy for communication per node pairs, (Er) is the received energy for
communication per node pairs, (E0) energy consumption while there is no com-
munication between nodes.
According to that if we had two grids having the needed data the nearest to the BS
will communicate.
In DD, The VRS is used to send the data to the location that needed the data not
the nodes that requested it and with that, we will handle the flooding problem that
causes overlapping and duplication of the messages. The computation for which
protocol to chose is done on the BS also the grid division the BS will save a look-
up table for the network behavior so it doesn’t have to do the computation all over
again every time when there is a need for information from the nodes.
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The BS of the network is the node with full energy, which is dividing the net-
work into ten equal grids every sensor in these grids is collecting data in it until it
is needed.
Every node knows its location and distance to the BS in LEACH protocol we have
sink nodes that connect the normal nodes with the BS. Sink nodes communicate
directly with the BS. The packet is sent from the node to the sink node towards
the BS in the same path back and forth. The path with the LEACH protocol is
determined by the optimization algorithm.
The BS requires the needed data and before that no data is sent. BS sends the
request to the specific location that knows it can find the data required in, and
not for the whole network and that save the energy for the unrelated nodes from
recollecting and computation.

Table 4.1: Nodes Communication Model.

Nodes Nodes Task
Normal Node Collect and sense data and send it to the sink
Sink Node Communication between normal nodes and BS
BS Request data and communicate with central server

The VRS has a great advantage, that it doesn’t have a restricted route discovery
phase and a high tolerance for the rapid changes. So if one node dies the neigh-
bors of this node are going to handle the data request and communicate according
to the time slots.
The advantage of not having a restricted route path for the VRS is helping with
operating the optimization algorithm used in LEACH to handle the DD as well.
So when the network energy is suitable and the amount of data is big(harvested
from each sensor) and has a known location, we can use the LEACH protocol and
use the optimization algorithm.
If the amount of data is small(in the lookup tables) we can use DD. The nodes
collect the data and save it until it is needed, the BS is going to send a request
according to the location and distance to a specific node and that is going to be the
reply path for the data to go back to BS.
The optimization algorithm is used to measure the distance and the location for
each node and VRS collects the data from nodes and save them till needed.
Transforming data between the nodes and BS for the DD and LEACH the BS will
take the location information for every node into consideration and the packet will
be delivered to the location which needs the information and it will be requested
based on the location of the nodes and that will give us so many advantages about
energy conservation because the nodes have not to store the information tables for
the routes and the data packet arrival is based on the location and the distance of
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the nodes using LEACH. Data collection from all the cluster heads will be done
by CH and it will check the redundancy of the data to recognize the occurred pat-
tern, which is beneficial for the sensor readings[63][64].
This is focusing on energy conservation on WSN and with this way we make just
the cluster head communicates with the BS.

S=U1, U2, ..Un

Computes the distance dj from Ui

if If (N(ui)) and distance dj from Ui then
Ci=Ui0, Ui1, ..Uin

Do

Compute E(OiI) where I = 0 to n

CHi is the cluster head of Ci if E(OiI) is high unisenses the information
and passes the messages to CHi

while(E(uiI)) � (E(uij))

CHi passes the information and aggregates it to the BS
end if

The previous algorithm indicates to the distance computation process for the sen-
sor nodes S and that helps the nodes to follow the nearest CH then it computes the
energy to decide which sensor is chosen to be the CH to communicate with the
BS and aggregate the data.
The packets content are the node location and distance between the node and the
BS, the residual energy and the path is going to take it.

Table 4.2: Transmitted Packets Contents.

Data Packet Request Packet Reply Packet Error Packet
Packet Number Packet Number Packet Number Packet Number
Source Location Source Location Source Location Source Location
Destination Location Destination Location Destination Location Destination Location
Residual Energy — — —
Protocol Route Path Route Path Route Path
Data Request Reply Error
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For the maintenance, if the BS sent a request and that node is dead and has no
energy the network sends an error message and the closest neighbor node that has
almost the same location is going to handle the request after sending the error
message and for the new request or accepting the reply that is sent from the neigh-
bor.
A network with (100) sensors have been built and those sensors are going to col-
lect data from their environment according to their location in a distributed way
so it is distributing the workload in a resilient way that can prolong the network
lifetime.
Hence, the distributed way will control the amount of communication between
nodes and forbid heavy traffic from happening in the limited bandwidth of the
wireless channels and that is a source preserving because in that way we con-
trol the power used in computation and communication process and to avoid any
effects or unusual values in our information some normalization is going to be
done on the data and decimal scaling is the used technique by moving the decimal
points.
To do so distributed data algorithm is used in order to cope with the nodes lim-
itations (power, computation, memory). The distributed algorithm is going to
process the data locally then the results are aggregated in this way the energy for
the communication process is reduced and at the same time, the number of mes-
sages during the process of data transfer to the central data is reduced.
The option of distributed data mining algorithm helps the WSNs to live longer
and controls the huge data flow that can cause bottleneck and wastage of commu-
nication bandwidth because its collecting a huge data to analyze.

Initialize network

Stand by until receive request from server

if If data in BS then
search using DD in look up tables

else

Nodes take their positions

Compute cluster heads number

Compute the distance between nodes

F ind the best route based on distance
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Transmit data between nodes and the BS

Make patterns using data mining algorithm

Save in BS using look up tables

End if

Sending required data to serverr

Go to step 2
end if

end if

4.2 Summary
Chapter four is the most important one, because it is describing the basic pro-

posed protocol and how to use the two protocols to gather. And that is preparing
us to see the end results of the proposed protocol and how it is working and how
efficient it is.
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Figure 4.6 Network Initialization using LEACH.
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Figure 4.7 Network Flowchart.



Chapter 5
Experiments Results and Analysis

In this chapter, the proposed protocol is coming to life with the simulation re-
sults. The network initializing all the way through to the results of the proposed
protocol.

5.1 Assumptions
For this proposed protocol, we make some assumptions as follows:

• The BS is located at point(100,100) far from the sensors and it is fixed to be
as close as possible to the central server and to the normal nodes.

• The nodes are homogeneous and energy constrained.

• There is no mobility for sensor nodes.

• The nodes can use power control to vary the amount of power transmitted
to reach the BS.

Our main concern is measuring the performance of WSN in terms of energy suf-
ficiency we are using metrics that have an influence on energy consumption. In
WSN, the matrices are used to evaluate the performance of a WSN as a whole.
These metrics are:[51][46][48][57]

• End-to-End Delay: it represents the time needed for a packet to be transmit-
ted from source to destination.

• Packet Delivery Rate: help us to know the ratio of the delivered packets to
their destination with the packets sent from the source.

54
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• Efficiency(Residual Energy): the energy of an isolated node is constant and
independent of any changes occur within the system.

• Network Throughput: the quantity of data computed in any given period of
time.

• Packet Routing Load: It represents the total number of routing packets
transmitted in the process of successful data transmission.

Moreover the individual sensor node in WSN can be:

• Robustness: It is the ability to cope with errors during execution.

• Computation: It is the necessary calculation to be done by the node.

• Communication:It is exchanging information and data..

In this proposed protocol, we will take advantages of the location of the nodes
and implement the LEACH and DD on a grid topology to save the network energy
and it will be a homogeneous network.
All the available wireless sensor nodes are possessing an equal amount of initial
energy E0=0.6 J the nodes will be distributed in 100*100 meters area.[51][46][48][57].
BS will be located at the point(100,100) with full energy

5.2 Simulation Environment of The Experiment

5.2.1 Simulation Options
Simulation tools are divided into two categories commercial and open source

simulators.
NS2 implementation needs a script language OTCL to describe the network topol-
ogy with the C++ which is the core of the simulation, and that was because the
C++ takes a lot of time with the hardware used back at the time they first imple-
ment it.
OPNET simulator has a defined set of protocols and devices; Hence, we can not
modify or create a new model using OPNET [68][69][70][71].

5.2.2 Why NS3 ?
Our proposed protocol simulation is done by using NS3 simulator due to its ad-

vanced benefits over doing the real physical experiment in the real world. Using
simulation to see the relationship between the parameters and seeing the inter-
actions inside the network and how it deals with the obstacles and the normal
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Table 5.1: Simulators Advantages and Disadvantages.

Simulators OPNET NS2 NS3
Cons Definite Protocols and Devices Script Language —
Pros Access to Other Editors Event Driven Scalable
Language C++/java C++/OTCL C++/python
License Commercial Open Source Open Source
Time Taken To Learn Long Long Short
Data Request Reply Error
Hardware — free disk 5GB free disk 5GB
RAM — minimum(256) minimum(256)

operation in the communication process between the channels.
In the simulation, we had a dynamic environment to control our experiment and
to create the network using mathematical equations and algorithm, which we have
to adjust them if there is a necessity to do so. Using dynamic environment like
simulators helping to construct efficient implementation to the network model.
Dealing with that is going to help us understand the experiment and analysis eas-
ily. With the benefit of the low-cost experiment.
The platforms used in the simulators give us the graphs and the results needed to
deduce the new fact and helping to prove our proposed protocol. The simulator
helps you to verify and validate your proposed protocol using its techniques.
In WSN we need to use simulation to enhance the proposed protocol. So the
simulator is constructing our proposed protocol with accurate results. Network
simulator version 3 is the tool that we are using to implement the thesis which is
an open source, discrete event network simulator. It helped to model the actions
of the dynamic compound system to give a series of defined proceedings.

NS3 is executed using C++; Hence, the memory management functions are
obtainable and they are free, It is de-allocating the nodes by pursuing the number
of pointers which can be helpful with dealing with the packets.
NS3 is scalable, controlled and provides a cost-efficient substitute for running the
system without putting it in real experiments.
There are several simulators to use but the most suitable simulator is NS3 for its
advantages[69][68]:
1. Scales to thousands of nodes
2. It holds the complete system
3. It is Fidel and holds all the interactions in the network sequentially.
4. Allows driving, monitor, debug simulation.
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5. The simplicity of the NS3 does not prevent its power
6. It works with two languages C++ and Python for pindings. But it is can be
implemented entirely with C++.
There are other options like NS2, but it is not scalable as much as NS3 with large
networks, and there is no graphical user interface. Also, it needs a lot of command
writing and scripting language knowledge.

5.3 The Environment
The parameters for the simulation have been used as follows[51][46][48][57]:
1. The required energy for sending and receiving 1 bit is Eelec=50nJ/bit.
2. Each node has a restricted amount of data K=200bit.
3. The energy for every sensor starts with E=.6J but BS have a full energy.
4. Node number is n=100.
5. The radio idle power .0375mw.
6. The radio transmission power .660mw.
7. The radio reception power .395mw.
8. Packet size 100 bytes.
9. Data rate 1Mbps.
10.Radio range 90 meter.
11.Sensing range13-48 meter.

5.4 Conducted Experiments
For the empirical side of the thesis, We created a grid network topology, that con-
tain 100 sensor nodes and only one BS. The BS which has the highest energy of
all nodes is performing the clustering process and the cluster head selection, the
location, and the energy are computed by the BS and known to the nodes them-
selves.
The sensed data are collected and delivered to the destination from the source
through the route selected using LEACH protocol.
In Fig(5.1) the network startup and the nodes locations and distribution, the clus-
ter’s creation are done at the first stage. The nodes are distributed through 4 grids,
and that donates that the suitable number of cluster head is 4 according to the
cluster head equation calculations which in Fig(4.7) in page 35.
After the network creation and the nodes settle in their position, the hierarchical
process of LEACH starts. Grouping the nodes according to their location on the
grid and based on their location.
The next stage is to know how many clusters head the network is having using the
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Figure 5.1 Network Creation Stage 1

Figure 5.2 Network Creation Stage 2

equation (Fig 4.7 the sink node formula, in page 35), the best number of cluster
heads are 4 because the cluster heads are energy consuming due to the communi-
cation and the transition with the BS[65]; Hence, less of cluster heads are better.
The network is communicating with the BS without exhausting the network en-
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ergy and shortening the lifetime, which is seen in Fig(5.3).

Figure 5.3 Cluster Head Selection

The source selection and the destination selection in our WSN and assigning
the nodes to the nearest cluster head without losing energy from the nodes them-
selves. The nodes were divided into 4 large clusters to communicate with the BS;
So, the sensors nodes collect the sensed data and send it to the destination through
the route in Fig (5.4).

Finding the best route between the source and destination according to the
optimization algorithm that is used with the LEACH protocol to select the shortest
best path to save the energy by visiting the lowest number of nodes to save their
energy while harvesting the data from the environment.
Being in the sleep mood is saving a lot for each node to prolong the network
lifetime in Fig(5.5).

Data transmission (packet delivery) between nodes to the destination nodes to
the BS. Each packet sent is going the same path as the request, and each packet
is containing its location and the data needed. Moreover, the location where it is
directed in Fig (5.6).

The data for each node is saved in the lookup tables, these lookup tables are
built using decentralized mining algorithm using decimal normalization to save
the needed information about the environment they are planted in.
When the central server is requesting any information from the BS the first step
is to search using the DD protocol in the lookup tables for the data. The data is
delivered to the central server from the look-up tables if not the WSN is going to
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Figure 5.4 Source and Destination Selection.

Figure 5.5 Best Route Determination

start the clustering process with the LEACH protocol to sense new data.
In this table, we can see the startup energy (REC) for the BS and the computation
for the nodes as well. The presented proposed protocol shows an efficient data
forwarding (AGG) in the network due to the region based energy aware cluster



5.5 Proposed Protocol Evaluation 61

Figure 5.6 Data Transition Between Nodes.

which equals 5.0432 as initial energy for the whole network.
In additional to the efficient data aggregation, which is processing the data ag-
gregation in an efficient way during the clustering orderly to prolong the WSN
lifetime, so it saves the energy for the nodes and the cluster heads in addition to
the BS by preventing the excessive data from being processed and sent. Hence, the
most energy consumed during the sensing and transmission process which saves
the ultimate energy for the whole WSN as seen in Fig (5.7).

The data from the iterations and the computations are saved in the lookup ta-
bles and searched for using DD with the VRS algorithm when needed. If the
needed data is not in the lookup tables the BS is going to search and harvest new
data from the sensors using the LEACH with his optimization algorithm to build
new lookup tables for the requested data. So I am presenting the performance of
end to end delay, energy consumption, the packet delivery rate and finally through-
put for the new energy efficient proposed protocol, which is in Fig (5.8).

5.5 Proposed Protocol Evaluation
The proposed protocol has been tested to measure the metrics influence on the

energy. To help the network save energy and prolong the lifetime. In the following
experiments, the nodes density has been fixed to 100 sensors and assumed there
is no mobility in the network.
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Figure 5.7 Energy Computation at the First Execution.

The experiment is performed to present a new proposed protocol for routing us-
ing two different protocols to preserve the energy for the WSN in order to prolong
the network lifetime because of the power limitations that occur with the WSN.
1.The End-to-End Delay Versus The Node Number
End-to-End delay means the packet arrival time to their destination. Which in-
clude the route discovery operation delay and the packets transmission queue.
The packets that are counted only that have successfully reached the destination.
We run the simulation to calculate the average delay for 100 (samples) nodes. So
when the packet arrives to the destination we record the arrival time to calculate
the current delay. The same operation is done with every packet and we increment
the samples one by one then we can get the total delay for the whole network.

Fig (5.9) presents the rate of the data arriving at their destination, it increases
by the number of nodes participating in sending the required information. How-
ever, the increase is due to the new route discovery which is done by the nodes
trying to compete to reach the wireless channel and not to be dropped or lost.
Fig (5.9) represents that the end-to-end delay for the proposed protocol gradually
starts in a smooth way from 0.6 second for the 1 node of the transmission process.
Which means that always the network has routes to the destination and available
all the time.
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Figure 5.8 Energy Computation at the Second Execution.

Then the proposed protocol starts stabilizing at node no. 70 tell the last node par-
ticipating in the network.
Due to the new route discovery operated by LEACH the delayed packets are in-
creased to 1.3 second for node no.1 comparing with the same node in the proposed
protocol and starts stabilizing at node no. 50.
For the VRS it starts from 2.3 second for node no. 1 and increases steadily then
stabilize at node no 80.
2.Energy Consumption Versus The Number Of Nodes
Energy consumption means how much energy the WSN consumes while operat-
ing. The main concern is the efficiency of the WSN. Hence, presenting the energy
consumption with the number of nodes. In order to the high energy consumption
of the cluster head formation.
The energy consumption in each sensor is the sum of the transmission energy con-
sumption and the received energy consumption multiplied with the time. Ec=(Et+Er)*t
.
Where Ec is the consumed energy, Et transmission energy consumption, Er re-
ceived energy consumption, t is the time.
Fig (5.10) presents energy consumed by the activated nodes through the network
while harvesting data to find the required information which increases with the
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Figure 5.9 End-to-End Delay.

increase of the nodes number participating in the process.
Fig (5.10) shows that the energy consumption for the proposed protocol gradually
starts with 20 for 10 nodes and reaches the maximum energy consumption 180
when using every node in the WSN. However,the LEACH reaches the maximum
when using 40 nodes only which clearly shows that the proposed protocol is en-
ergy efficient more than LEACH. The proposed protocol is consuming the energy
economically and dose not reach the maximum until all the sensors are participat-
ing in the process.
For the VRS starts gradually from 30 for one node the stabilize starting from node
no.60.
3.The Packet Delivery Rate Versus Time
Packet delivery rate means the ratio of sent packets to the number of received
packets at the destination. We can compute it by dividing the successfully re-
ceived packets to the total sent packets. Packet delivery=successfully received
packets/ total packets.
Fig (5.11) presents that it increases with time which indicates a good performance
for the WSN. Due to the successfully delivered packets to their destination with-
out errors or being lost.
Fig (5.11) indicates that the packet delivery ratio for the proposed protocol is bet-
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Figure 5.10 Energy Consumption.

ter than the packet delivery for the LEACH on its own. The packet delivery ratio
for the proposed protocol gradually starts from 15 at the 1 second of the transmis-
sion process then stabilize at second 7. However, the LEACH start from 11 at the
1 second, which indicates that the proposed protocol is delivering the packet to
the destination effectively.
For the VRS starts from 36 at the 1 second the decreases gradually then stabilize
at second 6.The protocols indicates that every packet sent arrives to the destination
and the best one is VRS because it depends on the location.
4.The Throughput Versus The Number Of Nodes
Throughput is the maximum infallible packets delivered to the destination during
the communication process, and how fast sending the packet through the commu-
nication channel is without having congestion.
Fig (5.12) presents that more nodes are delivering more packets. Which indicates
a good performance for the WSN.
Throughput for the proposed protocol starts gradually from 23 Mbps for the first
node then starts stabilizing when node no.60 is activated.
LEACH throughput depicts that it might have some energy lost dealing with the
congestion problem. Furthermore the packets are delivered effectively to their
destination through the communication process.
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Figure 5.11 Packet Delivery Rate.

For VRS it decreases from 48 Mbps the stabilizes at the node no. 70.
5.The Packet Routing Load vs Simulation Time

The packet routing load expresses the total number of transmitted packets over
the successful transmission. In which the router chooses the best low-cost route
to the destination, and in this case with low energy consumption.
Fig (5.13) shows that that more packets are sent to their destinations at the first
few minutes and after that, it stabilizes, which means that the proposed protocol
saves the energy for the nodes that transmit data. Because it delivers 160 packets
in less than 15 seconds then stabilize at this range of packet delivery
Fig (5.13) represents LEACH routing load gradually increases which depicts that
the increasing packet routing load with time consumes more energy from the
nodes which reduce the network performance.
However, VRS starts from 50 packets then stabilizes at node no. 50 with 90 packet
delivered.
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Figure 5.12 Throughput.

5.6 Summary
This chapter shows the results of the newly proposed protocol how it operates
and the WSN behavior during the communication process. How they deliver the
packets. Moreover, the best route and the computation inside the network.
What makes the new proposed protocol better than using one protocol at a time
that I am making benefit of the advantages of the two protocols, to prolong the
network lifetime.
The newly proposed protocol proved that it can prolong the network lifetime by
improving the 5 metrics that we measured.
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Figure 5.13 Packet Routing Load.



Chapter 6
Conclusion and Future Work

6.1 Conclusion
The whole idea is about creating a new way of dealing with WSN to overcome
the power limitations, and to prolong the network lifetime. This is done by using
two energy efficient protocols which are the LEACH and DD. We are using the
clustering process and the hierarchical structure of the LEACH and making use of
the cluster heads to do the communication process with the BS. Which saves the
energy for the nodes and consumes the energy from the limited number of cluster
heads. As for the benefits of the DD, the protocol is the location because the DD
deals with the VRS algorithm it makes use of the location of each node. So, it
helps to know the position for each node; Hence, if there any problem reaching
the specific node.
The proposed protocol is sending the packets to the location and the nearest node
is handling and processing the request and the data. From that, we deduced that
adopting a new thought in dealing with the WSN is going to make a breakthrough
in the networks industry. In this way, the network industry is avoiding a lot of
limitations starting with the power consumption to all other areas that need devel-
opment or override.
, Of course, using two protocols or even more. It is helping to have more benefits
and avoid the problems for each one when it is standing alone. It has its problem,
but we are avoiding these by using the right calculations and algorithms.
The creative way of thinking by using more than one protocol is not going to over-
head the network if we used the right protocols together. In addition to doing the
needed adjustment on each protocol to cope with the requirement and to overcome
the obstacles and limitation.
At the first we thought it is easy to make the network dynamic from a to z but in
reality, it is not. The first phase we had to put some specific commands to operate

69



6.2 Limitation 70

like sensing, the normal nodes are sensing the data and sending it to the sink node
which organizes the sensed information by their location and where they come
from which node and the energy status of the specific node to send them to the
BS. The BS is doing the computation and assign a pointer to the information. So
it is easy to trace them later when the data is needed.
The data pointer is saved in the lookup tables which are organized according to
the residual energy computed by BS and the pointer(packet number). All this is
done by using data mining algorithm; So it can create and save lookup tables,
remarked with the source location and the amount of energy at each node; More-
over, observing the network behavior and making patterns of the most important
parameters and features to save them. So it is easy to take the data from the tables
without operating the network.
All of that needs a normalization process using the decimal technique. In order to
avoid the up normal value because we depend on location.
When the central server communicates the BS for some data. BS is operating the
DD on the lookup tables saved in it and searching the patterns collected using the
mining data. If the data is found it is going to be sent to the central server without
operating LEACH on the whole network. If not the network is operating LEACH
to harvest new data as requested. finally, the last phase is the dynamic selection
of the protocols, choosing which one to operate based on its presence or absence
on the lookup tables.
Using the newly proposed protocol in WSN are better in the network lifetime mat-
ter, it improved the network lifetime by enhancing the performance of the nodes
through the communication process and in the way of using the energy in each
node and it was measured to show how well it did in the energy consumption
matter.

6.2 Limitation
The following section introduces the limitations of this study:

1. The first one is how to deal with two protocols with two different structures.
That coming with finding the right algorithm to avoid their cons and to be energy
efficient as well as the protocol.
2. The scalability problem that occurs when the nodes number increase; Hence,
it is beneficial to use a scalable simulator or adjust the scalability by adjusting the
protocol if needed.
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6.3 Future Work
In the future there is so many enhancement we can do to evolve the WSN per-

formance and it is as follow:
1. Testing the network with increased node number more than 200.
2. Defining more parameters concerned with network security because it is vul-
nerable to attacks.
3. It would be beneficial to send an error message to the BS as a warning if the
nodes are about to die.
4. Overcoming the distraction problem when there are other devices around.
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