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Abstract

In recent years, research on Intelligent Transportation Systems (ITS) has
increased due to its importance in simulating real-life scenarios to provide
transportation around the world. Vehicle networks (VANET) are another
concept of intelligent transportation systems that are an extension of wireless
network.

The structure of vehicular networks is a challenge due to the continuous
change in the movement of vehicle with time. On the other hand, vehicles
exchange messages with each other and with roads to communicate with each
other about road guidance or problems, as well as the use of various
applications such as safety and entertainment applications, etc. The messages
in VANET are of several types, including safety and unsafety messages, the
safety message which must be sent quickly before the rest of the unsafety
messages, such as speeding messages, determining the location, and others.

In this thesis, an approach was sought to provide safety messages with the
fastest possible way and with several levels of priority. A new clustering
method based on Roadside Units (RSU) was also proposed, where the road
was divided into a group of regions represented by clusters, and in each cluster
the RSU is the basis (head) of the cluster. The messages were divided into
three sections according to the degree of importance (emergency message,
important message, and normal message), and a protocol was built that works
on the principle of providing service according to their priority.

The results showed that the proposed approach was more stable in terms of
clusters, since the head of the cluster (RSU) is fixed in it, compared to previous
research that referred to building clusters that are more stable. The results also
showed a greater possibility of processing emergency and important messages
faster and better than normal messages of less importance.
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1 CHAPTER ONE
Introduction

1.1 Overview

Intelligent Transportation Systems (ITS) refer to various communications and
information technology to provide transportation solutions and different
services in a convenient, effective, efficient and safe way to provide safety in
different environments (Susana, et.al, 2017). ITS work as an integrated system
containing vehicles, infrastructures, roads, users, etc. ITS linking various
engineering sciences, technology, computer science, systems analysis, road
improvements and updates. The use of modeling techniques in solving
transportation problems represents a major challenge. Modeling is supporting
the ideas to control these systems and facilitate transportation for users. Such
technique is making the user aware of the road conditions and using them in a
more coordinated, safe and intelligent way (Ramesh, et. al, 2022).

The transport system uses wireless communication because it supports the
feature of moving and communicating through the air as a carrier medium with
the possibility of communication at anytime and anywhere (Susana, et.al,
2017). The node in the transport networks moves at a high-speed during time
and goes through many connections and disconnects with other nodes. Regular
wireless networks contain forwarding devices such as base stations, routers or
access points distributed on the network. In wireless ad hoc networks,
communication between nodes is performed without these devices (Julio, et.
al, 2016).

Vehicular ad hoc networks (VANET) plays a vital role in promoting the
concept of Intelligent Transport System (ITS) (Ali Raza, et.al, 2021). Vehicles
are equipped with radio communication devices such as the IEEE standard
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802.11 and Dedicated Short Range Communication (DSRC) and Vehicle
Positioning Devices (Global Positioning System GPS) (Susana, et.al, 2017).

Communication in intelligent transportation systems, or what is also called
VANET is done using several methods, including main types, which are the
communication between one vehicle and another called Vehicle To Vehicle
(V2V), and this is done through the integrated units called an On-Board Unit
(OBU) present in each vehicle and it is considered as a one-to-one
communication, and the other type is the communication between a vehicle
and the infrastructure (Roadside units) called as Vehicle To Infrastructure
(V2l), and this is done when the vehicle wants contacting vehicles located
outside of its range and obtaining alerts or information located far from them,
or when there is no other vehicle that can communicate with. There are other
types of communications in which the vehicle can communicate with anything
around it, and this concept is called communication between the vehicle and
everything (V2X). also, communication between RSUs called Infrastructure
to Infrastructure (I121) (Susana, et.al, 2017).

After achieving contact, the communication process begins by sending
messages for various purposes, such as the occurrence of congestion, accidents
of all kinds, or alerts of the occurrence of certain events on the roads (Jifi, et.al,
2021). These messages are of several types, including important and urgent,
which must be sent quickly before the rest of the messages that are normal,
such as speeding messages, determining the location, and others (Judith, et.al,
2022). These messages are sent between the integrated units (OBU) on the
vehicles, which act as a transmitter and a receiver of vehicle information, and
between these units and the Roadside Units (RSU) that are distributed on the
road in an organized manner to cover different areas of the road. RSU is
deployed to achieve the best possible coverage. This process enhances
communication capabilities and fulfills ITS demands (Jifi, et.al, 2021).

In this thesis, data transmission rate optimization is discussed by ensuring that
the vehicle connection is properly obtained to transmit information in order to
increase the connection and coverage of vehicle links, as well as reduce link
failures as much as possible. To achieve this, the central cluster approach
based on roadside units was proposed. At the same time, messages are filtered
in order to ensure that emergency messages arrive in the first place, then
important messages in the second place, and the rest of the messages are
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treated as regular messages, and thus messages are transferred according to
their priority during transmission.

The principles for ad-hoc vehicle networks are presented in this chapter. It
highlights techniques for data dissemination in ITS. This chapter consists of
seven sections, including an introduction. The following section provides a
brief illustration of some of the backgrounds. The problem statement and the
aims of this project are defined in the third section. The fourth section shown
the context and motivation. The characteristics and challenges and Modeling
Mobility and Simulation of VANETSs will be discussed in section five, named
literature review. The sixth section is to mention the Thesis Objectives and
Contributions. Finally, the Organization of this thesis will be concluded in the
last section.

1.2 Communication with VANET

All over the world, transportation and road problems are among the most
important major problems for ITS or VANET. Research continues to find
solutions to these problems because smart transportation simulates technology
and needs to always evolve, and when one says “development” this means
updates that result in new problems that need continuous improvement to
reach the optimal behavior of the network.

Transportation problems are considered sensitive because they threaten the
lives of people, whether they are drivers, passengers, or people on the roads
(Judith, et.al, 2022). Among these problems are accidents caused by vehicles
on roads. And the most important causes of these problems in transportation
is the behavior of drivers and how they drive vehicles in the correct way by
the reality of the methods with confirmed, reliable and accurate facts. This is
done by means of VANET or ITS modern and advanced. These technologies
consist of nodes (vehicles) that move continuously and at different speeds on
the roads within the laws that regulate their movement (Susana, et.al, 2017).

Traffic Management Centre (TMC) plays a fundamentally vital role in
Intelligent Transportation Networks, as it is managed by a private transport
authority. Data is collected from various vehicles or roadside units and sent to
the center for collection and analysis to obtain important results and statistics
about roads and vehicles. Then return the results to the intended destinations.
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Figure 1.1 shows a simple representation of the traffic management center
(Ahmed, et.al, 2019).

Traffic Management Center

Link=Flow T

DSRC or 5G Connection —  ~
Wired Network

DataPassing = coccmmmeme-.

N,
Link-State" Saaaus
info

Figure 1.1 Traffic Management Centre (Abuashour, 2017)

One of the most important units of communication between vehicles and
roadside units is messages. The issue of transferred these messages from the
source to the destination is one of the most important aspects that must be
taken into consideration in order to deliver them in a correct manner using
several protocols (Mohammed and Zsolt, 2020). Research is still underway to
improve these protocols and deliver them in a better way (Ahmed, et.al, 2019).
It also considers the problem of classifying these messages in order to send
important messages first (such as accident and disaster messages, emergency
vehicles crossing such as ambulances, fire trucks, police cars, etc). It
represents a critical point for the roads to deal with disasters, to reduce
accidents, and to preserve the safety of people in the first place, then the safety
of vehicles and roads (Mohammed and Zsolt, 2020).



Chapter One Introduction
. ______________________________________________________________________________________________________________________________|

1.3 Problem statement

High density cases in vehicles causes congestion in transmission channels, and
applications suffer from deterioration in work and performance. To improve
the data transmission in a reliable and safety manner, all conditions and
problems in the channels must be taken into account, and sufficient
connectivity and coverage must be maintained to keep the vehicles connected
and “link failure” does not occur.

Data is transmitted in vehicular networks by exchanging messages between
them and roadside units. The contents of these messages vary according to
their purpose, such as alert messages, notifications, inquiries, and so on. The
types of these messages fall into two main types: safety and unsafety messages.
Studies are still ongoing to find a better approach to transmit safety messages
in a faster way to keep up with the speed of vehicular networks.

In a very short time, a lot of information is exchanged between vehicles or
between vehicles and roadside units. It is difficult to verify the arrival of all
messages, and here safety messages may be lost, which are sometimes
emergency messages and are very important that they require immediate
transmission. Here, a specific mechanism must be found for messages to arrive
and be delivered according to their priority (multiple levels of priority); that is
to send first the emergency messages, such as accident and disaster messages
on roads and vehicles, and then to send important messages that include road
congestion messages or a request for crossing of emergency vehicles (fire
trucks, ambulances, Rescue cars, police cars, etc.), and the rest of the messages
can be classified as normal messages, such as speed limit messages, location,
and so on.
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1.4 Thesis aim

The main aim of this thesis is to develop a network model of vehicles and
roadside units that is able of improving the data transmission by ensuring the
connectivity of packet passing regardless of the high traffic density, and ensure
that emergency and important messages arrive first before normal messages to
maintain the safety of roads, vehicles and drivers.

This aim can be achieved through addressing the following objectives: -

v Solving the problem of losing emergency and important messages
during the packet transfer over the network.

v" Proposing a developed center spatial cluster-based approach based on
RSU.

v' Proposing queuing network models to represent the VANET
environment.

v Analyzing the transmitted messages of the moving vehicles.

v Analyzing and classifying the VANET’s messages and giving them a
priority level.

v’ Evaluating and comparing the results of the suggested approach with
metrics of data dissemination and queuing strategy in different models
and with other approaches.

1.5 Related work

Over the years, several approaches have been presented to improve the data
transfer rate in several aspects, including improving the performance of data
communication in VANETSs and paying attention to sending messages with
higher priority in several ways, algorithms, and various protocols.

1.5.1 Clustering Approach

Lin, et. al, (2016) proposed a protocol based on mobile vehicle-to-vehicle
communication. It is based on vehicle-to-vehicle communication only and
does not work with other types of communication such as (vehicle-to-
infrastructure). Where clusters of compounds with the same moving patterns
were formed in clusters. In each cluster, a vehicle is elected to be the main one
in that cluster, and its mission is to manage communications and exchange
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information messages with its members. One of the problems with this
proposal is that the chance of congestion in the same cluster is greater, and this
causes delays and loss of exchanged packets, as well as high costs in terms of
energy for the main vehicle of the cluster (Lin, et.al, 2016).

Lucas, et.al, (2017) proposed a delay-based network-based geo-clustering
method to overcome traffic congestion in vehicle networks. They applied the
approach to heavy congestion and vehicle congestion in the form of clusters,
where each cluster constitutes basic links in every part of the road. They
applied their approach to propose mechanisms between networks and outside
networks in order to achieve the transfer of information in traffic. They relied
on the use of the Internet and the Global Positioning System (GPS), this
approach required complex calculations (Lucas, et.al, 2017).

Abbas, et. al, (2019) proposed a "priority-based direction-aware media access
control (PDMAC)". Their proposed protocol was based on synchronizing the
internal and external clock time of the cluster. Their work was based on the
use of multiple priorities with three levels to improve the transmission of
warning messages in the network. They take into consideration the direction,
type, and security level of the message for each level. They claimed that their
proposed protocol outperformed previous proposals in terms of delivering
packets, reducing message loss and throughput (Abbas, et. al, 2019).

Shah, et. al, (2019) proposed a technique in order to maintain the emergency
messages on the network in the fastest way and the least number of delays such
as road accidents and disasters using clustering. Through this approach, they
worked to reduce the problems faced by the broadcast storm of the messages
exchanged within the VANET networks to reduce congestion in the network.
This approach provides good results in terms of delay in sending emergency
messages, but it faces a problem of poor performance whenever the number of
network connections is less in the event of an increase in vehicle speed (Shah,
et.al, 2019).

Cheng, X., & Huang, B. (2019) introduced an algorithm based on central
clustering in vehicle networks. Where they are self-organizing in the form of
groups, each group represents a cluster containing the head of the cluster that
is selected, which is connected to a group of cluster members to reduce the
impact of traffic jams. In turn, the head of the cluster is connected to the road
architecture (roadside units). The proposed algorithm is applied on highways,
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and the results show high stability and better packet loss rate (Cheng, X., &
Huang, B. (2019).

Tseng, et.al, (2019) suggested a way to overcome the problems of clusters at
intersections in terms of changing the direction of vehicles and the speed of
movement with the help of infrastructure architecture (roadside units).
Because most of the cluster approaches depend on the basis of their work on
clustering and roads with the same groups of similar characteristics, they
studied each road at the intersections on the basis of the average delay from
end to end. They applied multiple scenarios in high- and low-density roads
where the information of vehicles network transmitted based on the roadside
units from one intersection to another (Tseng, et.al, 2019).

Bersali, et.al, at 2020 proposed an algorithm based on collaborative clusters
with the use of the Internet of Vehicles named "A New Collaborative
Clustering Approach for the Internet of Vehicles (CCA-loV)", in order to use
the capabilities of the Internet, especially cloud computing and storage, which
are important in modern vehicles for the implementation of clusters. The
proposal is based on the use of clusters for collaboration between vehicles in
the vehicle network rather than in communication with remote servers
(Bersali, et.al, 2020).

1.5.2 Priority of Data Dissemination Approach

Taherkhani and Samuel Pierre, (2016) They suggested multiple priorities for
service-type messages based on the message's load, type, size, and network
status. These factors are classified into fixed or dynamic factors. Their
proposed strategy schedules messages and checks them based on the
mentioned factors. Perfectly applied to urban environments and highway
scenarios (Taherkhani and Samuel, 2016).

Kittipiyakul, et.al, (2018) relied on the use of information about the
destination, including direction, location, relative time and proximity between
other vehicles in order to reduce the number of messages that are classified as
unimportant, such as messages of some vehicles that cannot cause an accident.
Their results showed that their proposed scheme can verify the messages of
nearby vehicles with less packet loss and less delay compared to other
schemes. The results also show that it provides greater awareness of nearby
cars (Kittipiyakul, et.al, 2018).
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Ghaemi, et. al, (2021) proposed an improved protocol based on time delay.
This protocol is able to determine the optimal path for delivering the packet
through the least delay time. Their protocol calculates the RTT in the entire
network and then makes a table of all the RTT paths in an ascending order.
When one of the shortest routes fails, the RTT moves to the next one. Their
protocol also gave priority to sending important messages over normal
messages. (Ghaemi, et.al, 2021).

Yang, et. al, (2022) proposed a protocol based on the MAC layer and called it
PHB-MAC. It relies on the use of conflict to prioritize messages according to
several criteria to keep important messages from being lost and to ensure that
they are sent. They claim that their improved protocol gives better throughput
by 30% than previous protocol (Yang, et.al, 2022).

Bilal, et.al, (2023) proposed a model called Beacon-oriented Emergency
Message Dissemination (BEMD), using a proposed technique for enhancing
vehicle coverage in order to transmit emergency messages with the least
possible delay. The goal of their proposal is to communicate towards the
beacon in highway scenarios for both high- and low-density commuting. In
their scenarios, they relied on the density of sending emergency messages, and
showed better results in terms of coverage, information delivery, and the rate
of packet distribution (Bilal, et.al, 2023).



Chapter One Introduction

1.6 Organization of the Thesis.
This thesis is organized into five chapters as follow:

& Chapter one: presents the current data dissemination issues; then, we
briefly describe the background, purposes, structure, overview of the
unique characteristics of vehicular communications, and motivation of
this research work. Finally, the modeling and simulations in VANET.

& Chapter two: describes the Fundamentals of VANET, and the existing
data dissemination approaches to show their limitations/drawbacks.

& Chapter three: presents the proposed data dissemination-based —
Routing and queuing approach in VANET.

& Chapter four: evaluates the proposed system performance by using Net
Logo simulation; Studying the results and analyzing them fully.

& Chapter five: includes the thesis conclusion and future work directions.
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2 CHAPTER TWO
Theoretical Background

2.1 Introduction

In intelligent transportation systems, drivers on the road feel more comfortable
because they are dealing with an intelligent system that provides them with
greater knowledge of the road and avoids accidents and disasters that most
often lead to the loss of their lives (Julio, et.al, 2016). Smart systems also
provide them with a variety of services, such as taking care of safety,
entertainment applications, and others. These services and applications need
to provide working mechanisms that suit them and simulate vehicle network
environments which are characterized by rapid change in their architecture
(dynamic structure), fast vehicle movement, and frequent outages on the roads.
Therefore, we need to reach as much as possible a more stable state of the
network in terms of coverage and connectivity and avoid link failure (Sepideh,
et.al, 2020).

This chapter is organized as follows: Section 2 describes Intelligent Transport
System and its strategic. Section 3 refers to Communication Systems
techniques in VANET. Section 4 describes VANET and its applications.
Section 5 reviews data dissemination in VANET. Section 6 refers to Queuing
Models and Section 7 describes Performance metrics.

2.2 Intelligent Transport System

In fact, Intelligent Transportation Systems (ITS) is another name for ad-hoc
Vehicle Networks, which falls under the concepts of wireless networks (Ali
Raza, et.al, 2021). Research has increased recently on the use of these systems
to improve transportation due to their importance in real life to provide

11
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improvements to the current transportation systems as shown in figure 2.1
(Julio, et.al, 2016). In all types of dedicated wireless vehicle networks, the
network structure is variable due to the movement of nodes over time, which
requires the occurrence of a new link structure, and so on. Networks of
dedicated vehicles suffer from this problem in particular because the vehicles
in them move at very high speeds and are subject to many changes. (Ramesh,
et.al, 2022) Time plays an important role in intelligent transport systems in
communication, data exchange and message processing between parts of the
network. In urban environments where the number of vehicles is variable and
IS subject to continuous increase, which leads to traffic jams, intelligent
transportation systems display information about congestion, traffic signals,
and road paths for drivers to avoid congestion as much as possible (Sepideh,
et.al, 2020).

‘\\.7 oy
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VEHICLE | SIGNALS | aTy . '  SIGN CAMERAS

Figure 2.1 Global Smart Transportation

In vehicle networks, IEEE802.11p acts as a standard for OBU communication
in vehicles with RSU within a range of 300 to 1000 meters (Ramesh, et.al,
2022).

12
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It is also important for these networks to exchange data and maintain an
optimized transmission rate to deliver disaster messages immediately to
prevent fatalities and maintain network security as well as taking care of
vehicular and emergency vehicle traffic problems.

2.2.1 Strategic Planning for ITS Implementation
The general strategy for ITS work depends on three main phases, as shown in
figure 2.3, into:

Data collection: At this stage, all data are collected from transport systems in
general, which need to be fast data that parallels the speed of transport within
the systems, as well as accurate, wide, and real-time synchronization, since
time is a very important factor for transport systems. The collection process is
carried out through specialized devices that work with transportation networks
and perform multiple functions. Among these devices are the Automatic
Vehicle Identifiers associated with them, as well as the Global Positioning
System (GPS) based automatic positioning devices, cameras, sensors, and
others (Sepideh, et.al, 2020). These devices record data for transportation
systems such as traffic movements, travel speed and time, monitoring, vehicle
location and weight, various delays, and others. All this information is
collected in the systems' private servers in large quantities for analysis and so
on) Julio, et.al, 2016).

Data transmission: Since time is the important factor in intelligent transport
systems because of the high mobility and mobility of the nodes in it, therefore
it requires efficiency in organizing communication mechanisms and achieving
good connectivity through good coverage for the purpose of rapid and real-
time information communication (Sepideh, et.al, 2020). This strategy of data
transfer relies on transferring the data collected in the data collection stage
from the systems and transferring it to the TMC and there it is analyzed and
then the data is transferred from the TMC to the systems. Among these
transferred data are advertisement messages and travel cases, either via the
Internet or through the units on the transportation vehicles. Other
communication methods can be used such as ad hoc short-range
communications (DSRC) using radio and continuous medium and long-range
air interfaces (CAILM) using cellular communication and infrared links) Julio,
et.al, 2016).

13
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Data Analysis: This process takes place in TMC after collecting data in the
collection phase and transmitting it in the data transmission and receiving
phase by TMC. Data processing goes through stages such as error correction,
data synthesis and cleaning, adaptive logical analysis. Errors and differences
are identified through specialized programs that clean, correct, modify and
analyze them, then compile and send them back to the systems. This collected
data can be used to predict traffic scenarios and road problems in order to
provide better services to travelers (Julio, et.al, 2016).

Figure 2.2 Strategic planning for ITS implementation

2.2.2 The Benefits of an Intelligent Transport System

Transportation is one of the most important requirements of daily life, as it
provides speed in movement, facilitates many life matters, and fulfills various
needs (Dan Lin, et.al, 2016). Intelligent transportation systems play a vital role
in managing transportation in a safe and coordinated manner in several aspects
(Sepideh, et.al, 2020). Networks dedicated to vehicles do not contain a fixed
infrastructure, as the nodes in them move quickly, variable and randomly.
Therefore, the process of exchanging information and communications in
terms of finding the shortest path and finding the next node is difficult in this
type of network due to the change in its dynamic structure. Therefore, the use
of a system such as Intelligent Transportation Systems is an important factor
in trying to manage these networks in a better and more efficient manner as
shown in the figure 2.4 (Taoufik and Sofian, 2020).

The technologies used in intelligent transportation systems vary in terms of
simple management such as vehicle movement, different signals when
controlling traffic, managing containers, transmitting messages of various
types and purposes, automatic recognition of number plates, managing speed
cameras, monitoring applications of different systems such as Security CCTV
systems (closed circuit television), systems for detecting disasters, road
accidents and parked vehicles, to advanced application systems such as
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security CCTV, automatic prediction system for accidents or disasters and so
on (Oussama, et.al, 2020).

The advantages and benefits of an Intelligent Transportation System (ITS) can
be summarized as the following:

&= Saving time: which is an important factor in transportation systems by
reducing the number of unwanted stops.

&= Safety: controlling the vehicle's speed and alerting drivers of the road.

& Entertainment: improving and providing comfort in travel.

& Management: through the process of managing data and traffic.

& Environmental: reducing the impact on various types of environments.
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Figure 2.3 Vehicular Ad hoc Network

2.3 Communication Systems of VANET

After the network is set up in VANET and connected to each other through
on-board communication modules, there are standards for communications
and radio access in the vehicular environment set by IEEE (Taoufik and
Sofian, 2020).

& The IEEE P1609 WAVE standard addresses layers from the application
layer up to the network layer

& The DSRC standard addresses the management of the physical and data
link layers.
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Figure 2.4 shows the different layers that the standards deal with. The very
low latency compared to other network architectures is an essential advantage
of DSRC wireless technology (Michael, Travis, 2020).

Application  [Layer 7 )
Presentation |Layer 6
IEEE P1609

Session Layer5 | > wave
Transport Layer 4 > |EEE P1556
Network Layer 3 )
Data Link Layer 2 ) IEEE 802.11p

. >~ ASTM 2213
Physical Layer 1 DSRC

Figure 2.4 Breakdown of standards and network layers for the vehicular

2.3.1 DSRC with VANET

DSRC is used for short range wireless communications. It is somewhat similar
to WiFi, however, what distinguishes WiFi is that LANs use WiFi (Dan Lin,
et.al, 2016). DSRC is used in vehicle networks to communicate and exchange
information between vehicles and between vehicle and infrastructure (roadside
units) thus ensuring a high-speed wireless connection that simulates network
speed and requirements and is highly secure (Sabih, et.al, 2013).

The basic features of DSRC are:

&= The latency (delayed opening and closing of the connection) is less than
0.02 seconds.

&= The radio interference is very low and effective, as it has a short distance
of about 1000 meters.

& Weather conditions do not affect its work and effectiveness in the
network.

&= It operates on the 5.9GHz band where it is allocated to 75SMHz.

& DSRC was created specifically for safety purposes such as warning
drivers of collisions, accidents and disasters. The basis for DSRC
wireless technology.
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2.3.2 Architectures of VANET

Due to the rapid and changing movement between the elements of the vehicle
network, it does not have a specific and fixed link structure, as its architecture
depends on the type of link between the network nodes as shown in the figure
2.5 (Taoufik and Sofian, 2020). The main purpose of communication is to
exchange information and share data between vehicles and the environment,
for example, another vehicle or infrastructure, etc. Therefore, this can be
distinguished through three types of communication:

2.3.2.1 Vehicle-to-vehicle communications (V2V)

This strategy of communication is vehicle-to-vehicle, vehicle-to-vehicle, or
vice versa; where vehicles exchange information about the road with each
other, such as location, speed, direction, and stability between vehicles, or with
regard to road accidents (Tanuja, et.al, 2015).

DSRC is used as a communication model with a range of 300 meters through
which the vehicle can send and receive data with other vehicles. Vehicle
communications can be used to reduce traffic jams in order to prevent
accidents or avoid them before approaching them. VANET is considered in
this type of communication as a special case of MANET (Faruk, et.al, 2020).

2.3.2.2 Vehicle-to-Infrastructure Communications (V2I)

This strategy involves connecting the vehicle to the road through roadside
units (RSUs) that are deployed in an orderly manner along the road. It includes
the exchange of data such as traffic lights, road conditions, routers, Internet
connectivity, and so on (Tanuja, et.al, 2015).

DSRC is used as a communication model where it has a range of 1000 meters
through which the vehicle can send and receive data with roadside units. This
type of communication can be utilized to provide drivers with valid, reliable
and useful information and to collect data about vehicles and other
infrastructure for analysis or forecasting purposes (Oussama, et.al, 2020).

2.3.2.3 Hybrid Communications (V2X)

The strategy is the integration of the (V2V) and (V2l) architectures that
include Hybrid Communication. Nodes communicate directly (V2V) within
hybrid networks. At the same time, vehicle communication is conducted
through (V2I) in the areas served by the RSUs. This strategy helps to improve
connectivity and increase network coverage without excessively increasing
implementation costs. This type includes a mixture of several communications
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that the vehicle can use to perform various purposes, such as entertainment,
safety, knowledge of road maps, and so on (Tanuja, et.al, 2015).

Cloud Server

Figure 2.5 VANET Architecture

2.4 VANET characteristics, challenges and Applications

2.4.1 Characteristics of VANET
& High predictive navigation:
In VANET, nodes move quickly and randomly, unlike other types of ad
hoc networks, which makes it difficult to predict the movement and
position of nodes, as the node has a high mobility at a speed of up to 120
km / h, and sometimes it can reach more than 200 km / h as a relative
speed (Taoufik and Sofian, 2020).

& Dynamic Network Topology:
With regard to the high traffic and the different and random speed of the
node, its location changes during the roads frequently, and this leads to
a frequent change of the VANET topology as well. This leads to
instability of the connection, which causes communication and
transmission failures and negatively affects the reliability and operation
of the network (Taoufik and Sofian, 2020).
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& Unlimited network size and density:
VANET can be in one city or country or extend to a group of cities or
countries together, and the density of node distribution within it varies
according to the type of environment in which it is located, such as urban
environments, highway environments, and others (Tanuja, et.al, 2015).

& Use of wireless communications:
VANET was designed to use the wireless environment in
communication, as it has all the advantages of a wireless environment in
terms of exchanging and collecting information in easier, smoother and
faster ways (Mustafa, et.al, 2020).

& Provide enough energy:
VANET nodes do not have a power supply problem like MANETS, since
these nodes are equipped with a long-lived power supply that can supply
the OBU permanently. This enables VANET to be used for challenging
technologies such as RSA (Rivest-Shamir-Adleman) or ECDSA
(Elliptic Curve Digital Signature Algorithm) and so on (Judith, et.al,
2022).

& High computational ability:
Nodes in VANET communication equipped with a different high
number of resources, such as CPUs, memory, and GPS. Vehicle
communication increases the network's processing capacity (Taoufik
and Sofian, 2020).

2.4.2 Challenges of VANET

With all the advantages that were mentioned in the previous section, VANET
networks are exposed to several challenges that negatively affect the network's
work. The most important of these challenges are the following:

& Dynamic Network Structure:
Network structuring problems occur because its continuous topology
changes over time as a result of the rapid and variable vehicular movement
across the roads (Taoufik and Sofian, 2020). Therefore, it requires a correct
methodology to maintain the communication process between vehicles and
increase the strength of the link between vehicles and roadside units to
increase connectivity and coverage. Predicting the location, movement and
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control of the node is difficult due to the rapid and variable movement of
vehicles (Mustafa, et.al, 2020).

& A dynamically changing network connection:

In VANET, nodes are fast-moving, active, and subject to a set of "on/off"
connections along their path. Radio waves are also exposed to interference
in some cases, as well as in cases of network congestion and problems in
communication channels, all of which led to weakness and failure in
communication. Therefore, there is always a need to provide protocols that
help reduce “link failures” and increase “coverage and connectivity” of the
network to maintain its quality and provide better services (Judith, et.al,
2022).

&= Real time constraint:
Time is considered one of the most important factors in VANET
communications to deliver important messages, which must be
instantaneous, such as accident messages for vehicles or roads. Therefore,
several methods must be identified to deliver these messages within the
shortest possible period of time commensurate with the fast and frequently
changing VANET environment (Mustafa, et.al, 2020).

& Quiality of Services (QoS):
Quiality of service is a standard when creating any end-to-end connection
that must meet its requirements. The requirements of each application must
thus be met according to its standards to achieve the best service provided,
and this requires the existence of several mechanisms to meet the quality-
of-service requirements for each application (Mustafa, et.al, 2020). For
example, when there is a problem in not reaching the vehicle due to the
location of the vehicle or its changing speed and the factors surrounding it,
and so on, this requires the quality of another steering mechanism to work
with it (Judith, et.al, 2022).

&= Data security and privacy issues:
Vehicles exchange several information of their own while communicating
on the road for several purposes, and this may expose the vehicle to record
its personal information, activities, and indicate its path and individual
actions, and this may expose vehicles sometimes to the leakage of
information privacy, in addition to tampering with the vehicle’s path or
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signals during the road, and this poses several serious safety problems
vehicle (Mustafa, et.al, 2020).

2.4.3 Applications of VANET

There are several applications available in VANET as shown in figure 2.6. The
four main categories focused on Safety, Convenience, Commercial and
Productivity.

&= Safety applications: They are responsible for monitoring the safety of
vehicles and the roads they pass by and their surroundings. It regulates
traffic in real time and transmits safety messages such as alerts about
collisions and road hazards (Taoufik and Sofian, 2020).

& Convenience applications: They are responsible for managing traffic in
general for roads, including diversions, collecting electronic tolls,
searching for parking lots, and continuous and effective prediction
(Mustafa, et.al, 2020).

& Commercial applications: These are responsible for providing services
to vehicles such as providing web access services, viewing digital maps,
accessing photos and videos, and so on (Taoufik and Sofian, 2020).

& Production applications: which are responsible for fuel benefits, time
consumption and anything related to the interests and benefits of different
environments (Mustafa, et.al, 2020).

Platooning
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Figure 2.6 Application with VANET
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2.5 Clustering Technique in VANET

Clustering is a mechanism for grouping some nodes that share certain
characteristics into the same groups to form a hierarchical structure. There are
multiple strategies for identifying aggregates in vehicle networks, including
mobility-based, density-based, link-based, machine learning, fuzzy logic
algorithms, and many others.

Each cluster consists of some potential node statuses, called cluster head and
cluster member. The cluster head is the main axis of each cluster and its task
iIs to form the cluster with the cluster members. It is responsible for all
interactions within the cluster, managing intermediate access, and distributing
resources to cluster members. Cluster members do not worry about their
communication with each other and with others. They only have to share and
exchange information with their block chief. Therefore, the most important
task in clusters is to choose the head of the cluster, and there are several types
of selection (Neglected metrics, Random metrics, Position metrics, Mobility
metrics, Combined metrics, Destination Metrics).

There are two primary techniques for cluster formation: distributed and
centralized techniques.

&= Distributed Technique: This technique is used by many clustering
mechanisms to create clusters. Each node in the network seeks local
membership with the cluster header after collecting the required details
from the neighborhood. Then this node sends a membership message to
the cluster head to confirm its membership.

&= Central technique: This technique is used in that the central node is
responsible for the formation of clusters and membership of clusters. In
vehicular networks, the Roadside Unit (RSU) is used as the central node
for cluster creation and membership. The RSU spread beacon messages
to nodes in the network, and each node sends a request for membership
to the appropriate RSU. Thus, the cluster formation stage is completed
centrally when the RSU collects membership applications. Finally, the
RSU informs its members.
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2.6 Data dissemination in VANET

Data dissemination is the exchange of data between transport parts, whether
vehicles, roadside units, etc. through V2V or V2l strategies, etc. The
dissemination of data within transport networks has benefits that enhance
driving and movement and alert drivers to accidents in their areas through
various applications (Alejandro, et.al, 2017).

Because of the nature of transport networks, which are characterized by high
speed, structural change and periodic disintegration. Many approaches have
been proposed for data dissemination methods in various strategies (Fei, et.al,
2012). The data dissemination approach is based on two main categories:
Geocast-based or broadcast-based techniques. While the strategies are of the
following types: Unicast, Multicast, or Broadcast, methods of dissemination
of data in these networks are as follows: push, pull, and hybrid (Alejandro,
et.al, 2017).

To accurately illustrate the different data dissemination approaches used in
VANET, they can be categorized as follows (Sakshi and Paras, 2017):

&= Vehicle to vehicle Forwarding

& Vehicle to Infrastructure Forwarding
&= Cluster-Based Forwarding

&= Peer-to-peer Forwarding

& (Geocast-based Forwarding

& Opportunistic Forwarding

2.6.1 Vehicle to Vehicle Forwarding (V2V)

This communication is between vehicles and employs two strategies, flooding
and relaying. In the process of flooding, data is collected from the area and
published in the network, and this method is useful when applications are
delayed in responding in distributed networks (Bidisha and Judhistir, 2023).
When using the relay strategy, the transmission of information becomes the
propagation across the network system by defining the relay hub (next hop). It
is ideal for crowded networks because it is mainly concerned with reducing
bottlenecks and is suitable for dense networks (Sakshi and Paras, 2017).

2.6.2 Vehicle to Infrastructure Forwarding (V2I)

This type is in contact between vehicles and roadside units or vice versa, and
it depends on two main deployment modes, push and pull (Bidisha and
Judhistir, 2023). Data is easily published from any vehicle or infrastructure
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through push-based deployment (i.e., pushing data and information to the
network) and any other vehicle can receive this data and information via cloud-
based data deployment (Sakshi and Paras, 2017).

2.6.3 Cluster-Based Forwarding

This type represents one of the best solutions for self-organization of the
network, through the creation of clusters address vehicle network problems
and challenges (Sakshi and Paras, 2017). For example, sending messages
within one cluster with similar characteristics of distance, face, or roads, to
reduce broadcast storms, for example, and improve the transmission rate. On
this basis, nodes are grouped into groups and one or more nodes in their groups
collect information and pass it on to the next group.

2.6.4 Geographical Forwarding

The topology of VANET is constantly changing, so VANET still has no
defined methods. As part of the data dissemination, the geographical
dissemination of the nearest destination center is used until it reaches the
destination. Geo-casting is often used in some situations to transmit messages
to a few geographic ranges of hubs (Sakshi and Paras, 2017).

2.6.5 Opportunistic Forwarding.

Data-driven design, where applications cannot be disrupted to exchange
information in appropriate ways. This technology is used for storage and
forwarding purposes (Sakshi and Paras, 2017). As a result, the roads are
gradually being manufactured.

2.6.6 Peer-to-peer Forwarding

During peer-to-peer publishing, the source keeps the data in its own storage
device and does not transfer it to the network until another center requests it.
This is a proposal for an easy delay application (Sakshi and Paras, 2017).
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Figure 2.7 Data dissemination in VANET
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2.7 Queuing Models

Queues are important and effective tools in building models and evaluating
the performance of various systems, such as networks, communications,
service processing and distribution centers, and others. Research from various
engineering and mathematical disciplines is directed towards improving the
use of waiting lists. It consists of three agency components: (B. Filipowicz et
al., 2008).

&= Entities: They represent the applicable part, such as clients or work
packages in the service center. It is to be either a human or something
in the system or the network waiting for processing or traffic and so on.

& Queues: They represent queues in a certain sequence in which entities
enter and wait for traffic or processing.

& Resources: Resources: It provides the needs of the crisis to serve the
entities in the waiting list.

The relationship between these three components is shown in the figure
2.8.

Queue or Buffer
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Entities being served

Figure 2.8 Basic queuing system components

Queues can be categorized to simple queue, or it can be chained to make a
network of queues; thus, the departure from one queue enters to the next queue.
Queuing network can be opened network or closed network. Figures 2.9 &
2.10 below shows the open network and the closed network representations.
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2.7.1 Basic Queuing System Concepts
Each queuing system is described by characters: A/ B/ C/ X /Y [ Z, these
characters called Kendall’s notation ( A. Horv"ath, 2000 ), ( Wenjing Xu, 2008
), ( Andress Willig, 1999) , ( Erasmus G B, 2006 ):

& The first character (A): Specifies the arrival probability distribution
(or the time between two successive arrivals). The following standard

abbreviations are used:

M = Exponential.
D = Deterministic.

Ek= Erlang type k.

Gl = General Independent.
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& The second character (B): Specifies the service probability
distribution.

M = Exponential.

D = Deterministic.

Ek= Erlang type k.

Gl = General Independent.

& The third character (C): Specifies the number of parallel identical
servers in the systems, denoted by 1 if there is only one server and by C
if there are multiple servers.

& The fourth character (X): Describes the queue length or the number
of entities allowable to enter the system.

&= The fifth character (Y): Specifies the queue strategy. A queue strategy
determines the discipline for ordering entities in a queue. It defines the
order in which they are served and the way in which resources are
divided between customers. Here are some of these strategies:

©)

First In First Out (FIFO): Entities are ordered according to their
arrival times. The entity that has been waiting the longest is served
first. This kind of queue is the most commonly used model because
there are no differences between entities. It is a fair queuing strategy
and low overhead. There is no infinite postponement in such a queue.
But long entities may let the short entities wait for a long time.

Last In First Out (LIFO): Sometimes, the entities are serviced in
the reverse order of their entry so that the last entity join the queue
serve first.

Priority Queue: Priorities are a measure of urgency or importance.
Each entity is assigned a priority and the entities are sorted in the
queue by their priorities. Low values represent high priorities.

The shortest is served first: So, the waiting time of short entity is
small. But the latent danger is that the longer service time entities
may be infinitely postponed.

Random Service: The entities in the queue are served in random
order.
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o Round Robin: Every entity gets a time slice. It will re-enter the
queue, if it's service not completed.

& The sixth character (Z) specifies the calling source for entities asking
for service. It is considered to be finite if these entities coming from
finite population, or it can be infinite if the population they are coming
from is infinite.

2.7.2 Performance Measurements

One approach to performance measurement is to obtain the data by observing
the events and activities on an existing system. Performance modeling means
representing the system by a model and manipulate the model to obtain
information about its behavior and performance. The performance of the
system can be estimated either directly or by characterizing the system
workload mean response time, the total service time, the workflow, the
numbers of completed or aborted service requests, the total waiting time, the
queue length, the number of transactions completed per unit time, the ratio of
blocked connection requests, and the rollback completion time are the most
important performance measures (S. Sonntag, et.al, 2007). When analyzing a
system with a single queue, the most common performance measures are
obtained as follows (Wenjing Xu, 2008), (Andreas Willig, 1999), (Heikki
Uljas, 2003):

& Arrival distribution (A): or the average time between arrivals
(Interarrival times = 1 A). This distribution is considered the first
statistical pointer that helped to determine the model type.

&= Service rate (1): Number of departing entities per unit time. Service
time is the average between departures (Inter departure time = 1 p).

& Server utilization (p): or (traffic intensity), describes the fraction of
time that the server is busy, or the mean fraction of active servers, in the
case of multiple servers.

p=-
H
& Queue length (L): The number of entities in the system including both
the entities waiting for the service and the ones receiving it.
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& Waiting time (W): The total time that the Entities spend in the system
waiting to be served.

& Pi: The probability of a given number of entities i in the system. In
queuing theory, almost every queuing system can be represented by
Kendall’s notation and analyzed as the above performances measures.

2.7.3 Little's Formula

Little's formula is the most used formula in performance evaluations. It can be
used with most queuing systems and applied to both single server systems and
network of servers. It states:

N=AxT
L=AxW
Lg=A*Wq

Where N is the average number of entities in the system, A is the arrival rate
to the system, T is the average time spent in the system, W is the average
waiting time in whole system, W(q is the average waiting time in the queue, L
Is the average number of entities in the system, and Lq is the average number
of entities in the queue ( Heikki Uljas, 2003), ( Philippe nain, 2004 ), ( Andreas
Willig, 1999.
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3 CHAPTER THREE
The Proposed System

3.1 Introduction

This chapter explains the simulation steps of implementing the model
suggested for optimizing data transmission rate to improve the intelligent
transport systems. The first part of the suggested model in this thesis proposes
distributing the roadside units on a regular basis ensures that the vehicle
remains connected along the road with one of the side units to ensure
connectivity and communication and reduce link failure. The second part of
the suggested model deals with different types of messages and gives different
priorities to messages before sending them. Messages are transmitted based on
their priority to avoid losing emergency messages.

Simulation is a very important tool due to the cost and difficulties of real
application in VANET environments scenarios, therefore Netlogo 6.3.0 (as an
agent-based modeling approach) has been used in implementing the
simulation scenarios.

3.2 The Proposed System Framework

Despite the different approaches with the development of VANET, many
challenges remain as still open problems. Among these problems are the data
dissemination and data transmission rate process that faces difficulties due to
the changing density of the network, high traffic of vehicles, the absence or
adequacy of infrastructure, the extent of the geographical areas that will be
covered, the number of messages sent through the network, and most
importantly the loss of important and urgent messages due to the momentum
of messages and their mixing with ordinary messages which are less important
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and may not be useful. The proposed approach in this study aims to allow the
transmission of information between all vehicles and prevent the network from
flooding it with redundant information or unnecessary information (in
broadcasting) by filtering messages and giving important messages degrees of
priority, thus improving the data transfer rate between vehicles.

The main stages of the proposed system are represented by: designing and
building scenarios with different parameters (number of nodes, transmission
range, data dissemination type, message priority type and acceleration
deceleration of vehicles) using a networks simulator Netlogo. Figure 3.1 refers
to the proposed system.

Scenario Stage

Center-Based Clustering Stage
Prioritization Message Stage

Data Transmission Stage
Evaluation Stage

Figure 3.1 a block diagram for research framework stages
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3.3 Methodology

The following section represents the main steps of the proposed system in
more details followed in these experiments.

The steps for building, implementing, and evaluating the proposed system are
detailed in the general flow chart shown in Figure 3.2.

This flow chart illustrates the instruction steps for implementing all
hypothetical scenarios where the action is represented as a process approach
in each step.

According to the applicable model, actions that differ according to the
applicable model represent the first group: (building and implementing the
road, determining vehicle restrictions, and establishing it inside the road). At
the same time, the actions that share all the proposed methods represent the
second group. Each group of actions will be explained in the next section.
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Figure 3.2 General proposed system flow chart
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3.4 Model building

In this stage, many steps are performed to prepare and set the requirements for
the VANET using Netlogo 6.3.0 simulation environment as an agent-based
modeling approach.

Each template has several elements that are tools to apply and display
simulated results. This element includes: (buttons, sliders, screens, and charts).
The buttons include an action code such as the Setup button or the Start button
or send message button (To send different types of messages with setting the
priority for each message). The slides include the input values for the
parameters that are called during processing. Sliders of acceleration and
deceleration have been set to control the vehicle's speed. It also contains the
output, whose function is to display and print the output after executing it in
the code. The plots display the relationship between parameters during the
simulation process. Finally, various switches are used to modify a variable
easily without the need to re-encode the process. They are a visual
representation of a given process (true/false).

All these tools showing in figure 3.3 aim to design and create models similar
to the actual roads and simulate them in many scenarios to display and
compare the effects between them.

— | RRRRRRRR RSlis coverage Total coverage Priority of Message
ar speed-limit &l . 10 [ElRsut corerage | 19 Dlvehicle with coveraga 10 W Emergary Message)
Dlrsuz cowerage, W vehice Wit coverage Bimportart Message
| fie] e ‘ AhE) [RsU3 corerage W Normal Message
Ei— ‘
mar-accal 2
I——
= | marbrake ol | °
—— | | 0 o ]
Cars without coverage a0
T SU1 RSU2
- — = RSUI SU2  RSUZ -
o count inks 10 W o a1 A2 A3 HiMessage pac
% | srdmemagal g a5 v . . " . ot st crasizd
W ° ™ Ml paches sent successfuly
ag e
off serd messaga 2 2
: No, of cars ] i o1 | o2 | o3 ‘ Received message
on rauzz 2 © 0 0 0
1% ° H 3
watng car s o1 packet!
0 ' 0 o
200 Random Number Packet
] hA

Figure 3.3 Snapshot of the different tools used in models

3.4.1 Setup Lanes Road Model

The environment setup starts with creating a suggested road segment. The road
segment is designed and divided into lanes using Netlogo 6.3.0 as an agent-
based modeling approach. The RSUs are also created and located along the
road segment.

vehicles are generated on the road as soon as simulation begins and at various
locations and speeds, in the flow style with a set density of flow, where this
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model entirely controls the world. The flow of vehicles and distances between
vehicles is assessed.

Vehicle activities are investigated to create links between vehicles and links
on the roadside to RSU. In each simulation attempt, the number of vehicles is
entered. To monitor vehicle speed, "acceleration and declination" sliders have
been applied and the report of the speed of cars is previewed through the plot.

Figure 3.4 lanes road model

& Assumption: figure 3.4 explains the scales of the dimensions of the
environment which described as follows between the upper bound of
the x-axis (80), and the lower bound (-80), and the y-axis, upper bound
was (8), and the lower bound ( -8). The vehicle is heading in the
direction of 90 degrees. The road was divided into the vector that
consisting of the following numbers.

Vector = {-8, -7, -6, -5, -4,-3,-2,-1,0,1,2,3,4,5,6, 7, 8}

Some of the vector numbers will represent the road lanes of the vehicles
as a set RL, thus ensuring that the vehicle does not leave the specified
lanes.

RL={-2,0, 2}

While the numbers represent each of the roadside planning in a yellow
lane as a set YL.
YL={3, -3}

The separations between the three lanes with a dashed white line in set

DL.
DL= {1, -1}
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Finally, the number {0} will represent the middle of the map, on which
the roadside unit will be constructed.

Figure 3.5 Explains the algorithm of designing and building the road
map.

It should be noted that when creating the road in NetLogo, we will be
dealing with patches where the patch represents the X and Y coordinates
of a small portion of the environment. Therefore, consider the world as
a collection of patches, and to make changes to patches, this must be
asked from them. After the road design and construction process.

settings for road map model

Step 1: - Adjust horizontally and vertically the interface screen sizes to view a road map segment.
Ask to set the world.
[Set origin location — center
Set (max-pxcor, min-pxcor ) — (80 ,- 80) // Pxcorl is x-coordinate for patches
Set (max-pycor, min-pycor) — (8 ,- 8) // Pycorl is y-coordinate for patches
Step 2: - Distinguish the segment that will reflect the road from the assigned part of Step 1 by making its
color different from that of the entire world.
Ask patches [ set pcolor — 61] /lcolor is 61 in color map with Netlogo
Ask patches with [ pycor <=[n ->(2/2) * (number-of-lanes - (n *2) - 1) ] * (2/2)]
[ set pcolor — grey] /I the road itself is grey
Set lanes —» [-2, 0, 2] /I list patches represent of number-of-lanes items
Sety —» [ L-lanes] - 1 /I Begin under the "last” lane
while [ y <= F-lanes + 1]
[ if [not member? Y — lanes]
[if [y = (F-lanes) + 1 ory = (L-lanes) — 1] /lcreate lines that do not belong to the lane
[ create-line y yellow 0] called —Functionl // Yellow on the lane sides
Else [create-line y white 0.5] called —Functionl // lanes with a dashed white

]

Sety—>y+1 I one patch upper is move
]
Functionl: - draw-line [ y line-color dis] // function to draw lines on the road, dis = distance.
[ Ask patch with [pxcor = min-pxcor - 0.5 and pycor = y]
Set pen[color] — color-of-line
Repeat width-of-word

[ pen-up —» F-ward dis /I get a constant line with a zero dis.
pen-down —»F-ward (1 - dis) /I get a dotted line with a dis larger than zero.
11

Step 3: - create one RSU (roadside unit) on the side of the road.
create-bridges 1 [set shape—"bridge", set color — yellow, set ycor—0, set size 2.5,
set xcor— 0] Il Repeat the process to create more than one roadside unit

Figure 3.5 settings for road map model
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3.4.2 Create and Move the Vehicles

In the simulated environment, create the vehicle with properties of (shape,
size, color, the direction of movement, and manner of generating it on the
road). The number of cars created is continuous over time as long as the
simulation is effective.

& Assumption: In the beginning, the object will be made to take the shape
of the vehicle, then the lane number will be determined from the list of
lanes RL = {-2, 0, 2}, and this will be random. Then the speed of the car
Is determined based on its entry into the simulation. In the event that
there is another car in front of it or any other object that slows down its
movement, or increases in the absence of anything.

Settings for Create and Move the vehicles on road map model

Step 1: - set the name of turtles to cars and shape to car shape, and cars are created in the road.

Breed [cars — car] //breed: is function to change the turtles name.
set-default-shape turtles — "car" I/ turtles shape change to car.
set-default-color turtles — 125 /I color is 125 in color map with Netlogo for cars.

Step 2: - Create cars at the start of the road and scatter them over three lanes.

create- cars —» 1.

Ask car [ set heading — 90] /I determine the direction of movement for car.

Ask car [set xcor —» (- world-width) set ycor — one-of lanes] /l'lanes = [-2, 0, 2]
Step 3: - Size and speed are customized for any car.

Ask car [ set size —» 1.5

set speed — (0.5 + random-float 0.5) ],

If [xcor = 6 ] [set speed-limit —»1.2]

Else If [xcor = 4] [set speed-limit —»1.1]

Else [set speed-limit —» 1]
Step 4: - Assigning and displaying a special identification for every car.

Ask car [ set label— who ] /I Who = (id) for any car Begins with (0) and ends with

(number-of- cars - 1)

Step 5: - Ask vehicles if any? Other- vehicles-here [ forward 1] // cars are separate in the road

If [speed > limit-speed] [set speed — limit-speed]

Figure 3.6 Settings for Create and Move the vehicles on road map model

Figure 3.6 explains the steps for creating cars and the process of generating
them on a road map.
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& Notes:
= To avoid the movement of vehicles on top of each other, Making the
vehicle move forward when another vehicle approaches it.
= Every new vehicle entering the road will be given a unique identifier
represented as (who) that starts with the number {0} and increases by
{1} for each new vehicle.
WO new vehicle = WO o1 vehicle + 1

= When creating vehicles, they will be dealing with turtles. As is the case
with patches, they can also ask turtles to change their properties or take
a specific action.To facilitate the process of dealing with vehicles,
especially in cases of sending and receiving messages.

3.4.3 Controlling the Movement of Vehicles

As regards the movement of vehicles on the lanes, two slides are used:
acceleration and deceleration. The vehicle increases its speed according to
acceleration when no vehicle ahead. While decreases its speed equivalent to
deceleration if there is no vehicle ahead as shown in figure 3.7.

Vehicle speeg-up = Vehicle speeq + Acceleration

Vehicle speed-down = Vehicle speeq - Deceleration

Settings of controlling the movement of vehicles

Step 1: -assign the initial speed of vehicles.
set speed 0.5 + random-float 0.5
Step 2: - high and low limits for speed are determined.
set speed-limit— one of [1,1.1,1.2]
set speed-min—> 0 /ldepend on number of lanes.
Step 4: - controlling the movement of vehicles.
Set car-ahead — one-of cars-on patch-ahead 1~ //to represent the car in front of it.
If [car-ahead = nobody]
[ speed-up-car ] /I Increase the vehicle speed.
Else [ slow-down-car car-ahead ] /I speed down to less than the car's speed in front.
// Do not slow down to minimum speed or speed
above maximum
If [speed < min-speed] [ set speed— min-speed ]
If [speed > limit-speed] [ set speed— limit-speed]
Step 5: - moving the vehicles on the road.
Ask cars [forward— speed].

Figure 3.7 Settings of controlling the movement of vehicles

39




Chapter Three The Proposed System

3.5 Proposed Clustering Approach

Working with the concept of clustering is important for ad hoc network
(VANET clustering), as each group organizes different moving vehicles
together and in a non-overlapping manner. As shown in figure 3.8 in each
group belongs to a roadside unit, and within its scope, the number and range
of one group is determined. There are multiple strategies for identifying
aggregates in vehicle networks, including mobility-based, density-based, link-
based, machine learning, fuzzy logic algorithms, and many others.

! Cluster A i Chuster B

I 1 |

| - i | e w e -’
<mm : - ew - — | e

l e - - — | - - - |

[ ! (a8 |

i - \ ! el
- - - (S8 o e - -
f LS S |
RSU RSU RSU RSU

Figure 3.8 Communication Layout

The set of the collected vehicles in one separated group is called a cluster.
Generally, there are two strategies to cluster formation: distributed (Ad hoc)
and centralized. In this proposed system, the center-based clustering strategy
is proposed to manage and control the clustering process with the assistance
of the RSUs. The proposed clustering mechanism has been applied to RSU as
a (spatial cluster) where each RSU (Cluster Head) is responsible for covering
its own area, and any vehicle within a particular RSU area connects to it
represent as Cluster Member. RSUs can conducts the cluster formation step.
Firstly, each vehicle will send the message to its adjacent RSU, this message
contains the position of this vehicle and its ID (who). Each cluster will be
collected by the administrator in the RSU according to the coverage radius of
each vehicle. The non-overlapped style is selected in all this thesis simulation
experiments.

Figure 3.9 clustering vehicles in simulation
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Algorithm 3.1 for establishing links in a proposed cluster approach

Initial: number of vechles, RSU.

Begin
Step 1: To determine whether to establish communication with another vehicle or with an RSU.
ask cars [ if [ other = bridge] [lother: which may be another vehicle or RSU.

[ set rangel— range-RSU]
Else [set rangel— range-car]
Step 2: Start creating links if the terms of range contact are met
If [ distance with other <= rangel]
[ create-link-with— other, set link-end— 1 put other]
Step 3: Remove links if they out of range contact are met
Ask cars [ If [ distance with other > rangel]
[ if [ member? Other— [link-end]]
[set link-end— remove other, set link-with other — [die] ] ] ]

Begin

Algorithm 3.1 illustrates how establishing links in the Clustering method and
as the following point:

= RSU broadcast many of messages periodically with RSU ID (who) or
its location to each vehicle continuously in their scope.

= when any vehicle enters in the communication range of RSU it receives
the RSU ID (who) or its location.

= |n the case that the vehicle does not obtain the RSU ID (who) or its
location, it must request it through the ICMP packet.

= The vehicle is now within range of the RSU (Cluster).

» When the vehicle has information that it wants to send to the network,
it sends it to the roadside unit, specifying the type and importance of the
message.

= |n the case of the source not obtaining acknowledgment of receive the
message from the roadside unit, it will resend it.

= The roadside unit receives, filters and sends the message according to
the details attached to the message, and sending it to the destination.

= In the case of not obtaining acknowledgment of receive the message
from the destination, the roadside unit will re-transmit it to the
destination.
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Figure 3.10 Flow chart for proposed cluster approach

The evaluation process of the proposed algorithm for clustering is based on
performance metrics related to the coverage of RSU. Therefore, number of
vehicles, number of arrival vehicles to a cluster area and number of departed
vehicles from a cluster area at time as indicate the efficiency of the clustering
algorithm.

& Assumptions
CH = Cluster Head CM = Cluster Member

CH Selection — RUS
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CHi Position = (Xi, Yi)

Cluster radios = Coverage area of RSU —— 1000m

Cluster diameter = 2 Coverage area of RSU — 2000m
& Model:

CMs (t) is Variable = No. of vehicles (N) at time (t-1) + No. of arrival
vehicles (A) to a cluster area at time (At)- No. of departed vehicles (D)
from a cluster area at time (At)

CMs (t) =N (t-1) + A (At) — D (At) Equation 3.1 calculation Cluster Member

A (At) = 1 * (At) Equation 3.2 calculation No. of arrival vehicles

D (At) = u* (At) Equation 3.3 calculation No. of departed vehicles
Where:

A =arrival rate
1 = departure rate

At = very short time period.
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3.6 Proposed Data Transmission Approach

Messages are exchanged in vehicle networks for various purposes, such as
information about the road or about vehicles, such as determining their speed
or destination road. A message may be important and emergency information
related to road accidents and problems.

Messages differ according to their importance, and the vehicular network deals
with all messages at the same way in sending, and this represents a problem
for vehicle networks, because emergency messages related to road disasters
must be sent before sending the rest of the messages that are sometimes
considered unnecessary. It also suffers from another problem, which is the
time being in vehicle networks, the vehicle moves at an instantaneous speed,
it must be alerted to disasters on the road at the same moment before they occur
in the accident, which often causes the loss of the lives of drivers and
passengers. In order to solve these problems, the proposed approach in this
thesis offers multiple priorities to messages.

The messages that are transmitted within the vehicular networks vary in
importance and require fast processing because the vehicles move quickly and
the network topology is frequently changes. In the proposed system, these
messages can be classified according to the following assumptions:

& A message is classified as a normal message if it related general or
entertainment information.

& A message is classified as an important message if it concerns alert or
indication about congestion, road problems, emergency vehicles, etc.
& A message is classified as an urgent (emergency) message if it is
considering the vehicle collisions, fires, dangerous and fatal accidents,

ambulances, etc.

The packet format is used in a transmitting unit of the VANET. It consists of
a group of parts (sequence, type, source address, destination address, time
stamp, data) as shown in the figure 3.11 (Yashar, et.al, 2021).

0-8 hit 9-15 bit 16-37 bit 38-59 bit 60-79 bit variable
sequence type source ID destination ID | time stamp data

Figure 3.11 Normal packet format
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The proposed approach is based on the priority of messages. Assigning a
certain priority to each message can be indicated by exploiting using the first
(2 bits) to specify the type of the message priority. Dealing with the packet
format is performed according to that recorded priority.

If the priority message = 00 — [Normal message]
If the priority message = 01 or 10 — [Important message]

If the priority message = 11 — [Emergency message]

This proposed approach works for the OBU equipped in the vehicles to
determine the type of the required message and then transmit it to the RSU.
RSU will process the received messages according to their priority. Two
alternatives approach are suggested in modeling the process of message
queuing:

3.6.1 Approach 1: Single queue for all message

The 1st model approach is to use two processing servers in an RSU. All the
received messages (three types) will wait in a single queue according to their
arrival times. This model has an ability to process two messages at the same
time. When any server state is empty or when it finished its processed message,
a searching will make on the waiting messages in a queue, if there any
emergency message it will be selected to jump over the preceding messages to
process directly. Otherwise, the important message is selected. If no message
from the two types is available, a first normal message on the head of the queue
will be selected and processed. Figure 3.12 Presents the proposed flowchart to
illustrate the data dissemination and the sequence of the processing steps for
the 1st model while, figure 3.13 presents the queuing model as a schematic
diagram for the proposed servers in the 1st approach.

45



Chapter Three The Proposed System

OBU
(Message with priority)

v

RSU
(Received message)

¥
Queue (Priority check)

v

Yes
Emergency

message

Yes

Important
message

No 3
[ Normal message ]
Servers
(Any server empty)

Emergency

message
Yes
No
A 4
Important or Normal message Broadcast
Send To determine destination message

Figure 3.12 proposed data dissemination in
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Algorithm 3.1 proposed data dissemination in the 1st approach.

Initial: In this algorithm, assumed a message from source vehicle on the road where is
wanted to send it.
Begin
Step 1: create the queue with FIFO strategy for all message type.
set the-q queue:create 0 /I queue for arrival message

Step 2: determine the source vehicle that wanted to send a message.
ask one-of vehicles [ set size 3 set color red set label who set xxcor xcor set
yycor ycor set fromID who ]
reset-ticks
Step 3: Create a message and give it attributes.
set-default-shape ms "letter opened”
create-ms 3 [ set label-color yellow set label who set mm who set xcor xxcor set
ycor yycor set size 2 set tm timer set priority random 3]
set summ summ + 3 I/l number of created messages
Step 4: Receiving the message and entering it in the queue, then determining the priority
of the message before sending it.
ask ms [
if priority =0 [ queue:insert the-q self ticks /lenter the queue
if (not queue:empty? the-q) [ let serve queue:remove the-q ticks
/Iremove first element of the queue

ask serve [ send message]
11
if priority = 1 [ queue:insert the-g self ticks /I enter the queue
if (not queue:empty? the-q) [let serve queue:remove the-g ticks
/lremove first element of the queue

ask serve [ send message]
11
if priority = 2 [ queue:insert the-q self ticks /lenter the queue
if (not queue:empty? the-q) [ let serve queue:remove the-q ticks
/Iremove first element of the queue

ask serve [ broadcast]

1]

setrecrec +3 /Inumber of sending messages

End
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N — Queue

Figure 3.13 Queuing model representation for the 1st approach.

The received messages are nominated as E for the Emergency Message, | for
the Important Message, and N for the Normal Message. Si is used to represent
the server i.

In the case of figure 3.13, there are several messages that are queued (1
emergency message, 2 important messages, and 3 normal messages) as an
example. To process these messages, checking the queuing line first. In the
event that there is a message of higher priority than normal messages, it is
served according to its priority by transferring it directly to the server for
processing. Since they have 2 servers, 2 messages are served together at the
same time. In this case, the emergency message and the one important message
for the service will be transmitted first, and then 1 important and 1 normal
message will be transmitted after the end of the first processing actin.
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3.6.2 Approach 2: Multiple queues priority messages

Since we have multiple types of messages and they require high processing
traffic due to the movement of vehicles, we need to use multiple channels, that
IS, more than one server for processing. In the proposed system, three servers
were used for each roadside unit. And the use of (weighted) as a scheduling
mechanism to distribute the processing of messages on these channels, and
also the use of the concept of (parallel queue) for each of the three queues, and
the use of the first-in-first-out (FIFO) mechanism to organize the work of the
packets.

In the case shown in figure 3.14, the processing process takes place for every
3 messages together, and every time one of the servers is emptied, it receives
another message, and so on periodically for all servers.

E— — s1 — E processas: 1/3 20%
I —»‘_V ‘-» S2 — E, I process as: 2/3 40%
N — — S3 — |, N processas: 2/3 40%

Figure 3.14 Multiple Queuing model representation.

The received messages are nominated as E for the Emergency Message, | for
the Important Message, and N for the Normal Message. Si is used to represent
the server i.
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Figure 3.15 proposed data dissemination Send message Broadcast
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50




Chapter Three The Proposed System
. ______________________________________________________________________________________________________________________________|

Algorithm 3.2 proposed data dissemination for the multiple queue approach

Initial: In this algorithm, assumed an message from source vehicle on the road where is
wanted to send it.

Begin

Step 1: create the queue with FIFO strategy for all message type.
set the-qE queue:create 0 /I queue for Emergency message
set the-ql queue:create 0 /I queue for Important message
set the-qN queue:create 0 /I queue for Normal message

Step 2: determine the source vehicle that wanted to send a message.
ask one-of vehicles [ set size 3 set color red set label who set xxcor xcor set
yycor ycor set fromID who ]
reset-ticks
Step 3: Create a message and give it attributes.
set-default-shape ms "letter opened”
create-ms 3 [ set label-color yellow set label who set mm who set xcor xxcor set
ycor yycor set size 2 set tm timer set priority random 3]
set summ summ + 3 I/l number of created messages
Step 4: Receiving the message and entering it in the queue, then determining the priority
of the message before sending it.
ask ms [
if priority =0 [ queue:insert the-gN self ticks /lenter the queue
if (not queue:empty? the-qgn) [ let serve queue:remove the-gn ticks
/Iremove first element of the queue
ask serve [ send message]
11
if priority = 1 [ queue:insert the-gl self ticks /I enter the queue
if (not queue:empty? the-qgl) [let serve queue:remove the-gl ticks
/lremove first element of the queue
ask serve [ send message]
11
if priority = 2 [ queue:insert the-qE self ticks /lenter the queue
if (not queue:empty? the-qE) [ let serve queue:remove the-qE ticks
/Iremove first element of the queue
ask serve [ broadcast]

1]

setrecrec+3 /Inumber of sending messages

End
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Data transmission is implemented (based on the proposed -clustering
approach). The evaluation process of the proposed algorithm for data
transmission approach are calculated with different parameters, the average
throughput, delay, packet loss, packet delivery ratio, probability, difference in
time and time of waiting as the efficiency of the data transmission algorithm
indicates.

& Assumptions:

Si = number of servers

m; = message type, where
E = Emergency message
| = Important message
N = Normal message

In this model, three servers are considered to process three types of
messages.

When s; is empty, any message that arrives of type (E) enters server
number (1).

If s; busy and s, is empty, then any message of type (E) or (1) will enter
server number (2).

If s, busy but sz is empty, the message of type (I) or (N) will enter server
number (3).

Other than that, any message of type (N) will enter server number (3).

That’s mean:

In the case of s; busy and s, busy, the message of type (E) is entered
into queue.

In the case of s, busy and sz busy, the message of type (1) is entered into
queue.

In the case of s3 busy, the message of type (N) is entered into queue.
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Table 3.1 List of variables assumptions

Notation | Description

Ao Total of arrivals

Al Arrival rate for Emergency message

A2 Arrival rate for Important message

A3 Arrival rate for Normal message

o1 The_ total arrivals rate relative to one arrival rate of a
particular type of message

14 probability in the system

PO The probability of the system is empty

L Number of messages in the system (server and queue)

wWq The time a message waits in the queue before processing

From that we get:

Ao=A1 2+ 3 Equation 3.4 Total of arrivals messages
A=A where: 1=1,2,3

In the same previous manner:

_ AM+22+23

1
a 1

Equation 3.5 total arrivals rate relative to one arrival rate

PO = % Equation 3.6 The probability of the system is empty

P = ﬁ Equation 3.7

L = ol.P
T (1-P)(1-P+ o1 P)

Equation 3.8 Number of messages in the system

ol.P

Wq =g oiharm

Equation 3.9 time a message waits in the queue
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4 CHAPTER FOUR
Result and Discussions

4.1 Introduction

This chapter aims to present and discuss the results of the proposed curricula
through several performance measures. A scenario was designed to simulate a
real-world environment using Netlogo 6.3.0 simulation. After presenting the
results, they are discussed to show the impact of the proposed model on
improving transport networks and their performance measures. In context of
information diffusion models, the analysis is done to highlight whether
diffusion model is suitable for real time applications or to other applications.
On the other hand, comparison between the proposed models and the
promising related model is done to emphasize that the proposed models are
related to the well-known models.

This chapter is organized in five sections including the introduction. The
second section is dedicated to environment creation. The third section explains
the simulation environment. The fourth section explains the mechanism and
results of the proposed Clustering Approach. The fifth section clarifies the
mechanisms and results of the proposed Data Dissemination Approach.

4.2 Environment Creation

In Chapter 3, an improved approach was proposed based on the static
clustering center-based mechanism to provide the best coverage and
connectivity to achieve vehicle communication with the least possible link
failure, while maintaining sending messages according to multiple priorities
to avoid losing messages that may cause accidents or problems on the road.
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This helps provide an optimization data transmutation rate in ITS. The
simulation environment has been created as follows:

& It consists of a street that contains a variable number of lanes of the road.

&= As indicated in the third chapter, the roadside unit has been installed
with a distance of 1000 meters between one unit and the other.

&= Vehicles were generated for the region based on a probability random
function depending on the time of arrival.

& Generating and building speeds of cars according to mention in third
chapter.

& Applying Algorithm 3.1 mentioned in third chapter to work and
calculate the number of links (the number of vehicles) associated with
each RSU.

& When there is a need to send data between vehicles, the button “send
messages” is pressed through the first or second approach proposed in
this thesis.

Figure 4.1 provides a simulated snapshot as an implementation sample. The
towers represent the RSU acting as CH while the vehicles within their field
are represented as CMs, where the vehicles are connected to the nearby RSU
according to the transmission radius. If the car is covered by two RSUs, it will
be connected to the strongest signal.
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Figure 4.1 Simulation snapshot
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4.3 Simulation Environment

After designing and running the navigation model approach using static
clustering and the proposed data-priority deployment approach according to
the simulation environment creation, the results were collected and displayed
using the Netlogo 6.3.0 Results Viewer. The proposed simulation environment
setup is shown in Table 4.1.

Table 4.1 Simulation Environment setup

Simulator Netlogo 6.3.0
Number of Simulation Run 10
RSU coverage area 1 km
Arrival rate Variable (t)
Departure rate Variable (t)
Speed distribution Exponential
Acceleration variable m/s
Deceleration variable m/s
Scenario environment Highway
Street length 6 km
Number of lanes variable
Very short time period. At
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4.4 Scenarios to simulate proposed clustering approach

As explained in the third chapter, this clustering mechanism has been applied
to roadside units as a (spatial cluster) where each RSU is responsible of
covering its own area, and any vehicle within a particular RSU area connects
to it, and then starts communicating in the network and exchanging
information.

4.4.1 Clustering Results

As mentioned in the third chapter, the process of evaluating the proposed
algorithm for clustering depends on the previously mentioned performance
measures, and accordingly, the mentioned mechanism was applied to several
different experiments were carried out and analyzed to observe the clusters in
different simulations of different highway VANET environments.

The number of compounds in each group was observed and indicated at
different consecutive times. The difference in the arrival and departure of the
number of cluster compounds at successive times is used as an indicator about
the behavior of the clustering process.

Case 1: fixed departure rate with variable arrival rate in each time period

In this case, as shown in tables (4.2, 4.3, 4.4), the results represent values from
10 test of the clusters to evaluate the stability when the departure rate is fixed
with each time period, and the arrival rate is variable.

e Stagel: A=5 u=3 At =2 R=random number
A (At) =L * (At) D (At) = * (At)
A(At)=5%*2 D (At)=3*2
A (At) =10 D (At)=6
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Table 4.2 Casel: Results when departure rate fixed and arrival rate variable- stage 1

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N | CMs | A D N | CMs | A D N | CMs
(A | (AY) | () | @A) | (AD) | (A | (1) | @t+AD | (A | (AD | (@) | (t+AD)
1 1(10] O 7 17 | 10 | O 6 16 | 10| O | 8 18
2 9] 0 6 |17 | 11 0 6 |16 | 10 0 6 |18 | 12
3 310 0 |11| 21 10| O |10| 20 |10 | O |12 | 22
4 71 0 6 |21 | 15 0 6 |20 | 14 0 6 |22 | 16
5 3110 0 (15| 25 |10 O |14 | 24 | 10| O |16 | 26
6 5110 0 | 25| 35 |10 | O |24 | 34 | 10| O |26 | 36
7 1110 0 | 35| 45 | 10| O |34 | 44 | 10| O |36 | 46
8 8| 0 6 |45 | 39 0 6 |44 | 38 0 6 | 46 | 40
9 9] 0 6 | 39| 33 0 6 | 38| 32 0 6 |40 | 34
10 2110 0 | 33| 43 |10| O (32| 42 |10 | O | 34 | 44
Range 34 34 34
Mean 25.75384 24.62977 26.86595
Std 12.22202 12.22202 12.22202
e Stage2: A1=6 n=3 At =2 R= random number

A (At) =L * (A)
AA)=6%2
A (A =12

D (At) = p * (At)
D (At)=3 *2
D (At)=6

Table 4.3 Casel: Results when departure rate fixed and arrival rate variable- stage 2

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N | CMs | A D N | CMs | A D N | CMs
(AD) | (AH | (O | (t+AD | (AD) | (A | (©) | (t+AD | (AD) | (AD | (1) | (t+AD)
1 3112 0 7 19 {12 | O 6 18 |12 | 0O 8 20
2 4112 0 |19 31 |12 | 0 |18| 30 |12 | 0 |20 | 32
3 8| 0 6 | 31| 25 0 6 | 30| 24 0 6 | 32| 26
4 21121 0 | 25| 37 |12 | 0 |24 | 36 |12 | 0 | 26| 38
S 9| 0 6 | 37| 31 0 6 |36 ]| 30 0 6 | 38| 32
6 710 6 | 31| 25 0 6 | 30| 24 0 6 | 32| 26
7 1112 | 0 | 25| 37 |12 | 0 |24 | 36 |12 | 0 | 26| 38
8 8| 0 6 | 37| 31 0 6 | 36| 30 0 6 | 38| 32
9 5112 ] 0 | 31| 43 |12 | 0 |30 | 42 (12| 0 |32 | 44
10 9| 0 6 | 43| 37 0 6 |42 | 36 0 6 | 44| 38
Range 24 24 24
Mean 30.80912 29.77978 31.83633
Std 7.183314 7.183314 7.183314
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e Stage3d: A=7

A (A =L * (AD)
AA)=T*2
A (AY) = 14

R= random number

D (At) = p * (At)
D (At) =3 *2
D (At) =6

Table 4.4 Casel: Results when departure rate fixed and arrival rate variable- stage 3

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N | CMs | A D N [ CMs | A D N | CMs
(AD) | (A | () | (t+AD | (AD) | (A | (O | (t+AD | (AD) | (AD | (©) | (t+AD)
1 1114 | 0 I 21 |14 | 0 6 20 114 | O 8 22
2 8| 0 6 | 21| 15 0 6 20| 14 0 6 | 22| 16
3 6|14 | 0 (15| 29 (14| 0 |14 | 28 |14 | 0 |16 | 30
4 91 0 6 |29 | 23 0 6 | 28 | 22 0 6 | 30 | 24
5 71 0 6 | 23| 17 0 6 |22 | 16 0 6 |24 | 18
6 6|14 | 0 (17| 31 (14| 0 |16| 30 (14| 0 |18 | 32
7 8| 0 6 | 31| 25 0 6 |30 24 0 6 | 32| 26
8 91 0 6 | 25| 19 0 6 |24 | 18 0 6 | 26 | 20
9 71 0 6 |19 | 13 0 6 |18 | 12 0 6 |20 | 14
10 4114 |1 0 | 13| 27 |14 | 0 |12 | 26 |14 | 0 | 14| 28
Range 18 18 18
Mean 21.21411 20.1726 22.25147
Std 6.055301 6.055301 6.055301

Case 2: fixed arrival rate with variable departure rate in each time period

In this case, a shown in tables (4.5, 4.6, 4.7), the results represent values from
10 test of the clusters to evaluate the stability when the arrival rate is fixed
with each time period, and the departure rate is variable.

e Stagel: A1=4 u=3 At =2 R=random number

A (At) =4 * (At)
AA)=4%2
A (A =8
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Table 4.5 Case2: Results when arrival rate fixed and departure rate variable - stage 1

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N [ CMs | A D N [ CMs | A D | N | CMs
(At) | Ay | () | (t+AY) | (AD) | (AY | () | (t+AL) | (AD) | (AD | (1) | (t+At)
1 71 0 3 7 4 0 3 6 3 0| 3|8 5
2 6| 4 0 4 8 4 0| 3 7 4 1 0|5 9
3 91 0 3 8 5 0 3 7 4 03 ]9 6
4 8| 0 3 5 2 0 3| 4 1 0| 3|6 3
5 3| 4 0 2 6 4 0 1 5 4 | 0| 3 7
6 6| 4 0 6 10 4 0|5 9 4 | 0| 7 11
7 2| 4 0 | 10| 14 4 0|9 13 4 | 0|11 | 15
8 1| 4 0 |14 | 18 4 0 | 13| 17 4 | 0|15 19
9 71 0 3 |18 | 15 0 3 |17 ] 14 0| 3|19 16
10 91 0 3 |15 | 12 0 3 |14 ] 11 0|3 |16 | 13
Range 16 16 16
Mean 7.83425 6.470539 9.052914
Std 5.274677 5.274677 5.274677
e Stage2: A1=14 u=4 At =2 R= random number

A (At) =L * (A)
AA)=4%2
A(A)=8

D (At) = p * (At)
D (At)=4*2
D (At) =8

Table 4.6 Case2: Results when arrival rate fixed and departure rate variable - stage 2

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N | CMs | A D N | CMs | A D N | CMs
(AD) | (A | (1) | (t+AD) | (AD) | (A | (1) | (t+AD) | (AD) | (A | (1) | (t+AD)
1 8| 8 0 7 15 8 0 6 14 8 0 8 16
2 7| 8 0 | 15| 23 8 0 |14 | 22 8 0 |16 | 24
3 51 0 8 | 23| 15 0 8 |22 14 0 8 |24 | 16
4 3]0 8 | 15 7 0 8 | 14 6 0 8 | 16 8
S 9| 8 0 7 15 8 0 6 14 8 0 8 16
6 8| 8 0 |15 | 23 8 0 |14 ] 22 8 0 |16 | 24
7 7| 8 0 |23 | 31 8 0 (22| 30 8 0 |24 | 32
8 5] 0 8 | 31| 23 0 8 |30 ] 22 0 8 |32 | 24
9 3]0 8 |23 | 15 0 8 |22 14 0 8 |24 | 16
10 110 8 | 15 7 0 8 | 14 6 0 8 | 16 8
Range 24 24 24
Mean 15.74384 14.60563 16.85949
Std 7.589466 7.589466 7.589466
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e Stage3: A1=4 nu=>5 At =2 R= random number
A (At) =L * (At) D (At) = p * (At)
A(At)=4%*2 D (At)=5*2
A (At) =8 D (At)=10

Table 4.7 Case2: Results when arrival rate fixed and departure rate variable - stage 3

Cluster 1 Cluster 2 Cluster 3
ticks R | A D N | CMs | A D N | CMs | A D N | CMs
(AD) | (AY) | () | (t+AD) | (AD) | (AD) | (1) | (t+AD) | (AD) | (A | (1) | (t+AD)
1 1 8 0 I 15 8 0 6 14 8 0 8 16
2 6| 8 0 [15| 23 8 0 |14 22 8 0 |16 | 24
3 9| 0 10 | 23 | 13 0 |10 22| 12 0 |10 24| 14
4 2 8 0 |13 | 21 8 0 |12 ] 20 8 0 |14 | 22
5 7 0 10 | 21| 11 0 |10 |20 | 10 0 |10 22| 12
6 8| 0 10 | 11 1 0 |10 |10 0 0 |10 12 2
7 6| 8 0 1 9 8 0 0 8 8 0 2 10
8 2 8 0 9 17 8 0 8 16 8 0 | 10| 18
9 1 8 0 17| 25 8 0 |16 | 24 8 0 |18 | 26
10 8| 0 10 | 25| 15 0 |10 |24 | 14 0 |10 26| 16
Range 24 24 24
Mean 11.95115 14.68667 13.57519
Std 7.118052 7.118052 7.118052

4.4.2 Evaluation the Proposed Clustering Approach

As it was explained in the results of the previous section, in case 1: fixed
departure rate with variable arrival rate in each time period represented by
tables (4.2, 4.3, 4.4), the analysis scheme of these tables shown in Figure 4.2
shows that the range of clustering in each stage decreases as the value of arrival
rate increases with the fixed of departure rate as it is shown in the first table
(stage 1) with a value of 34 and the second table (stage 2) with a value of 24
and in the third table (stage 3) with value of 18. The value of standard division
of clustering in each stage tends to decrease as the arrival rate increases with
fixed departure. As for the value of the mean of clustering in each stage, it
maintains a stable range.
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Case 1
departure rate fixed, arrival rate variable
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Figure 4.2 Casel: Results when departure rate fixed and arrival rate variable

In case 2: fixed arrival rate with variable departure rate in each time period
represented by tables (4.5, 4.6, 4.7), the analysis scheme of these tables shown
in Figure 43 shows that the range of clustering in each stage increases as the
value of departure rate increases with the fixed of arrival rate as it is shown in
the first table (stage 1) with a value of 16, the second table (stage 2) and the
third table (stage 3) with value of 24. The value of standard division of
clustering in each stage tends to increase as the departure rate increases with
fixed arrival. As for the value of the mean of clustering in each stage, it
maintains a stable range.
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Case2
Arrival rate fixed, departure rate variable
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Figure 4.3 Case2: Results when arrival rate fixed and departure rate variable

After experimenting with the two cases and taking the results and analyzing
them, as the graphs show, it is clear that the proposed clustering method gives
a better result in terms of stability. This achieves greater connectivity for each
cluster member as well as better coverage due to the correct distribution of the
RSU. As well as reducing the problem of failure of communication or mobility
between vehicles, since the vehicle is connected to the stronger coverage by
signal if it is between two coverages of the two RSU. These conclusions
logically lead to a greater possibility of improving the data transfer rate
between vehicles and infrastructure.
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4.5 Scenarios to simulate proposed data dissemination approach

As explained in the third chapter, when the performance metrics are calculated
with different parameters, enter server, server time, idle, waiting queue time
and others (according to Equations (3.5), (3.6), (3.7), (3.8) and (3.9)
respectively) are obtained as part of the evaluation of the proposed system.

4.5.1 Approach 1: single queue for all message

This approach handles messages by the server regardless of their type, but
according to their priority directly, as explained in Chapter 3. assumed here
that there are 10 types of messages that have arrived at the RSU for processing
in RSU severs at every moment. Messages are of different types, pre-defined
by the vehicle, as shown in the (Type) field. Enters at different times shown in
the access field, then follows stages, including server entry, processing, delay
time, and other values, which are calculated and explained in Table 4.8.

Table 4.8 simulation for Approach 1

_ Server 1 Server 2

o

.2 (_ﬁ
%_,’7 % % § I Enter Serves I Enter Serves
= g g | WL | Idiel Servesl | Timel DL | W2 | ldle2 Serves2 | Time2 D2
1 IN|S 0 3 S 7 12
211127 0 7 / 3 |10
3]/E|1]8 21 0 10 9 119
4 E|3]11]1 12 5 |17
511 ]4]15] 2 17 8 |25
6 [N| 621 0 2 21 8 |29
7 N | 829 4 29 6 |35
8 |E| 2|31 0| 2 31 5 |36
91111350 0 35 3 |38
10 E|3 ]34 6 2 36 8 |44
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4.5.2 Approach 2: Multiple queues for every message

This approach processes messages by the server according to their type and
priority in the server, as explained in Chapter 3. Assumed here that there are
11 types of messages that have arrived at the server for processing at each
moment. Messages are of different types, pre-defined by the vehicle, as shown
in the (Type) field. It enters at different times shown in the access field, then
follows stages, including server entry, processing, delay time, and other
values, which are calculated and explained in Table 4.9.

Table 4.9 simulation for Approach 1

Server 1 Server 2 Server 3
© _ — — (o] ~ N o

g § § g | 2 % é o~ Q % E N > g é

o | & o | & o | &
1 N 7 7 0 7 7 10 | 17
2 I 9 16 0 16 | 16 | 10 | 26
3 I 10 26 0 9 26 | 11 | 37
4 E 8 34 0| 34 | 34| 12 | 46
5 N 7 41 4 41 9 50
6 N 6 47 3 0 50 | 13 | 63
7 N 5 52 11 0 63 | 10 | 73
8 N 9 61 12 0 73 5 78
9 E 3 64 0| 18 | 64 | 12 | 76
10 | 4 68 0 42 | 68 | 12 | 80
11 N 2 70 8 0 78 6 84

4.5.3 Evaluation the Proposed data dissemination approach

In approach 1, after analyzing and evaluating the table 4.9 above, appears
according to the scheme shown in Figure 4.4, that the first server had processed
2 Emergency messages, 2 Important messages, and 2 Normal messages at
different times, depending on the time and load of the serverl. The second
server had processed 3 Emergency messages, 1 Important message, and 1
Normal message at different times, depending on the time and load of the
server2. Thus, all incoming messages were processed without wasting the
most important messages, since the processing is carried out according to
priority.
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Approach 1
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Figure 4.4 Analysis results for the 1st approach

In approach 2, after analyzing and evaluating the table 4.9, appears according
to the scheme shown in Figure 4.5, that the first server had processed 2
Emergency messages, the second server had processed 2 Important message
and the third server had processed 1 Important and 6 Normal messages.

This processing done according to the type of messages and the servers. For
emergency messages, servers 1 and 2 are designated for processing them. In
this case, two emergency messages were received at times (3 and 8), and at
these two times, server 1 is empty, so processing done without need to going
for server 2.

As for important messages, servers No. 2 and 3 are dedicated to processing
them. In this case, 3 important messages arrived at times (4, 9, 10). When a
message arrives at time 4, server 2 is empty and processes. The same case is
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for the message arrived at time 9. But when the message arrives at time 10, the
server 2 is still processing the message arrived at time 9, so turns to server 3
for processing. As for normal messages, the third server is responsible for
processing them all. Thus, all incoming messages were processed without
wasting the most important messages, since the processing is carried out
according to priority.
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Figure 4.5 Analysis results for the 2ed approach

After experimenting with the two cases and taking the results and analyzing
them, and as the graphs show, it is clear that the method of data transmission
proposed in the first proposal is to process messages as soon as they reach the
RSU with the least possible waiting and with an equal distribution of the load
for processing (processing different types of messages according to the server
load). As for the second proposal, the speed in processing emergency and
important messages was observed with a small waiting in relation to normal
messages and with a different distribution based on the type of messages and
service provision in the RSU (processing a specific type of message according
to the specific type of server).
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5 CHAPTER FIVE
Conclusion and future works

5.1 Introduction

The advent of Vanet Networks has greatly advanced the Intelligent Transport
System (ITS) in various applications. In view of the Vanet environment, there
must be a mechanism that guarantees communication in the best possible way
and spreads data between vehicles in a way that ensures the importance of that
data as it causes accidents and crises. Vehicle communication and data
dissemination in Vanet relies on several mechanisms, all of which seek to
develop and improve data communication and transmission between vehicles,
thus reducing problems and the number of accidents on the road. In this thesis,
it is proposed to use static grouping technique based on roadside modules to
ensure the best communication coverage of vehicles. It was also suggested to
use priority to ensure that the data reaches the highest percentage of vehicles,
especially messages with higher priorities.

This chapter is to preview the conclusions of the proposed models which are
inferred from the performance metrics. These conclusions are taken based on
the simulation experiments in a virtual VANET environment

5.2 Conclusions

In this study, a model was built using Net Logo 6.3.0 simulation. It contains
one road with three lanes (the number of lanes can be changed). In this
proposed model, the communication within the network will be of the central
type with the roadside unit when the vehicles are within the range of the RSU.
Data is published according to its priority to keep it from being lost.
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5.2.1 Clustering Stage Conclusions

The spatial cluster center-based technique with RSU has been proposed.
Clustering is one of the techniques used in data dissemination used in this
thesis with the static cluster distribution within the RSU range in network to
obtain a stable network.

This thesis crones up with the following conclusions:

&= The clustering approach is used to describe each RSU as a head of a
fixed cluster, and each vehicle approaching the domain of that cluster
shares its location or road area characteristic and is a member of the
cluster.

& A message is sent periodically to all vehicles that approach the range of
the RSU unit to give the RSU ID to the vehicles for communication, and
in the event that there is a vehicle within the range that does not have
the RSU ID, they will be sent to the network.

&= In the event of transferring a car from one cluster to another (i.e., a
transfer area between the two clusters), the vehicle is connected to the
stronger RSU by signal.

&= Evaluation scales were adopted in this thesis by relying on the arrival
and departure rates of vehicles and comparing them in terms of Range,
Mean, Standard divtion.

& When conducting experiments on the proposed system and
implementing the cluster approach on several variables, it appeared that
the values are increasing or decreasing depending on the rates of arrival
and departure in relation to time.

5.2.2 Data Dissemination Stage Conclusions

The dissemination of data in vehicle networks represents a major challenge
and an area for analyzing and evaluating the performance and problems of road
networks. It is possible to anticipate and monitor traffic, predict accidents and
congestion, and find continuous solutions by analyzing the data spread
continuously on the network. The behavior of some types of messages was
examined and analyzed according to importance. In this thesis, three types of
messages with different priorities considered in a real data set. Develop a valid
model built and implemented based on dataset information to examine data
propagation and avoid missing important messages. The development of such
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models will help avoid accidents, disasters and traffic congestion and facilitate
the passage of emergency vehicles on the roads.

5.3 Limitation
The set of restrictions imposed in this thesis are as follows:

1. The vehicles are equipped with all the devices that help them communicate
with RSU.

2. The process of sending and receiving data between vehicles is within a
record time to match the speed of movement of vehicles on the highways,
based on the development in technology and the work of researchers in the
future.

3. Also assumed that the network used is ideal and where the connections are
free of noise and protected from various types of hacker attacks.

5.4 Future Works

Although this thesis illustrates that the suggested framework gives high
performance, future research to expand the work in this thesis can involve:

& Implementing the proposed approach in urban or rural environments.

& Implementing many data dissemination approaches in VANET
(Geographical Forwarding, Opportunistic Forwarding) in two designed
models and comparing them.

& Modifying the proposed approach by add aspects that have not been
considered in this thesis and are thought to affect data dissemination,
such as big vehicles that may have an unfavorable effect on delivering
messages. For example, larger vehicles can forward a weak signal to
their destination, and, on the other side, they may block a strong signal
from reaching its destination.

&= Clustering has been implemented using roadside units, the receiver can
create a back-up system from one vehicle to another to communicate in
case of communication problems with the RSU in emergency situations.
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Chapter Five Results and Discussions

& Applying the proposed approach to configure two roads in different
directions, to evaluate the performance of the servers, and then compare
the two works.

& The ability of connecting vehicles to the Internet via a vehicle sim
vehicle with 5G and thus obtaining information directly from the source
such as a street map and thus sending and receiving data through a
dedicated platform.

&= Bringing about technological development in the field of security,
which is one of the essential duties of the Ministry of Interior. For
example, when they are robbed, vehicles can create and disseminate
periodic messages about their location and destination, thus making it
easier for security men to reach them and catch the thief.

&= Internet of Vehicle (loV), which is a new concept that has entered the
world of vehicle networks, experimented with the proposed approach,
whether through communication operations, data dissemination, or the
use of applications.
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